74 superior textbook 


TIMM'S 


=GENERAL 


NEW THIRD EDITION 


Written in a vigorous, conversational style and firmly based on sound 


builds upon a successful career... 


CHEMISTRY: 


Director of the School of Science 
Chairman of the Division of Science 
Chairman of the Chemistry Department 
SIMMONS COLLEGE 


scientific and pedagogical principles, General Chemistry presents thi 
learly and graphically in a vivid manner that gives zest to the course and 
nspiration to the student. 


As before, the book gives an introduction to modern theory, and to the 
descriptive chemistry of the common elements. It is designed for first- 
year study for those students who plan to use chemistry in their profes- 
sional education and by those who elect this science for its value in a liberal 
arts program. In addition to bringing the text up to date, the author has 
mproved it through several changes in material and arrangement. 


a. Atomic structure is introduced much earlier than before, 
but not until the evidence for the theory of’ atoms, mole- 
, cules, and ions and the periodic table hive been dis- 
cussed. Atomic structure is, however, not presented be- 
fore the concept of valence, which should help to give 

a more solid understanding of how atoms combine. 


b. Atom and ion radii are discussed more thoroughly and 
used more frequently. 


ec. The descriptive chemistry of the elements is presented 
in a different order. Elements at the two ends of the 
periodic chart are presented first, and discussion proceeds 
from these ends to the center of the chart where the 
chemistry of the elements is more complex. In general, 
this is a progression from predominantly ionic com- 
pounds to covaient types of compounds. 


STRONG FEATURES OF THE TEXT: 


1. Conversational style— 
Tends to lessen student tension and 
build self-confidence. 


2. Progressive repetition— 
Used to help fix important material in 
the student’s mind and to increase his 


conception from a more qualitative ot 


to an increasingly quantitative one. 


3. Ease of student understanding 

with a minimum of teacher help— 
Class work is thus freed from the neces- 
sity of going over much of the text 
material and can concentrate on its im- 
plications and applications. 


SEND FOR A COPY 
ON APPROVAL 


McGRAW HILL BOOK COMPANY 
330 West 42nd Street 
New York 36, N. Y. 
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A Finger-Weight 
Jug... Safer, 
More Convenient 
and 


Economical ! 


Here is another exam- 
ple of the skill and im- 
agination Baker & 
Adamson brings to chem- 
ical packaging . . . another 
B&A first in service to cus- 
tomers. 


Molded of chemically inert 
polyethylene, this light-weight 
jug for reagent and technical 
HF has a 10-pound capacity. It 
greatly simplifies the problems of 
shipping, storing and using Hy- 
drofluoric Acid. Check the features 
listed; they provide important addi- 
tional reasons why it is sound prac- 
tice to order your HF requirements 
from Baker & Adamson. 


9 Major Advantages 


1. Weighs Just 2 Pounds—This 2-pound jug is 
identical in capacity with old-fashioned 17- 
pound lead container. 


Saves Shipping Charges —You pay far less for 
tare weight. 


Tougher, Stronger—Jug is shatter-proof, and 
virtually contamination proof. 


Seamless Construction — Added insurance 
against leakage is provided by molded, seam- 
less construction. 


Easier Handling, Storage — Convenient size, 
finger grip and light weight facilitate han- 
dling and storage. 


Pouring Lip—Special design and pouring lip 
result in clean, accurate dispensing. 


Improved Closure — Screw-type, plastic ca 
makes opening and closing easy; saiiaguante 
against spillage; helps protect purity. 


High Acid Resistance—Jug is made entirely of 
polyethylene, outstanding for its high re- 
—— to Hydrofluoric and many other 
acids. 


Improved, Light-Weigh 
Plastic Packaging 


Adds to the 
Advantages of Using 


B.A 


HY DROFLUORIC 
ACID 


Reagent and Technical 


%. Acid Level Always Visible-Translucent plastic elimi- 
nates guesswork or measuring sticks. 


Packing: Four jugs cell-packed in standard returnable a a 
wooden shipping case . . . easy to handle, to store and ee Scat, ee 
to return. FINE CHEMICALS | 


& ADAMSON Zac 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Str- \, New York 6, N. Y. 


+ Baltimore* + Birmingham* - Boston* 

Chicago* + Cleveland* Denver™ Detroit* + Houston* 

Milwaukee + Minneapolis Philadelphia* Pittsburgh* . Piovidence* 
San Francisco* + Seattle +» Kennewick* and Yakima (Wash. } 

In Canada: The Nichols Chemical Company, Limited . Montreal* - Toronto* . 


Offices: Albany* + Atlanta + Bridgeport* . 


Jacksonville 


Buffalo* 
alamazoo 


+ Charlotte* 
+ Los Angeles* 
St. Louis* 


Vancouver* 
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13. 
ALKALINE EARTH METALS. 
THE ZINC GROUP.' 


Cc. CALCIUM 


GROUP Il. THE 


A. BERYLLIUM 
13-1 Exhibit: beryl, Be compounds, alloys. 


B. MAGNESIUM 


Mg burned in air, forming MgO and Mg;N>. 
See 6-5. 


Mg ribbon, forceps, 100 ml. water in 1-liter 
Erlenmeyer flask over burner. Show burn- 
ing match extinguishes in steam, but Mg 
ribbon continues to burn in steam. 


Mg ribbon, a tall cylinder quarter-filled with 
dry ice, forceps. Show burning match ex- 
tinguishes in CO, but Mg continues to burn. 


Mg ribbon, HCl-aq., test tube. Treat Mg 
with acid, ignite the H, gas as it escapes from 
the tube. 


Mg from seawater. MgCl.-aq., Ca(OH),-aq., 
1 liter beaker. Show precipitation of Mg- 
(OH). by mixing MgCl, and Ca(OH)». 


Exhibit: firebrick, asbestos, alberene stone, 
meerschaum, dolomite, carnallite, milk of 
magnesia. 


Exhibit: marble, coral, pearls, calcite, chalk, 
marl, lime, limestone, mortar, cement, gyp- 
sum, plaster of Paris. 


CaCO; in Pyrex brand test tube, over burner, 
leading into tube of limewater. Heat red 
hot: CO, is evolved and turns limewater 
milky. 

Ca(OH)2, Ca(NO;)2, two test tubes over 
burners. Heat, showing decomposition. 
Recall alkali metal salts more stable. 


Slaking lime. Lumps of fresh unslaked lime 
half-fillng 250 ml. beaker, litmus paper. 
Pour in (CARE) 25 ml. water. Violent 
evolution of steam. Test with litmus. 


Limelight. Flame of blast lamp playing 
against CaO. Brilliant white light. 


Plaster of Paris, 10 cm. evaporating dish, a 
penny. Prepare a cast of the penny. 


Softening water. Distilled water, Na,CO;-aq., 
CaSO,-aq., soapy water, 10 
ml. pipette, 5 test tubes. Show suds formed 
with (a) distilled water, (b) water containing 
bicarbonate, when heated, (c) water con- 
taining sulfate, when treated with Na,CO;. 


Desiccant. Crucible of anhydrous CuSO, in 
desiccator containing CaCl. 


D. STRONTIUM AND BARIUM 


Bengal lights. Fuse string made by soaking 
string in 25% KNO; (fuse leading into a pile 


containing equal volumes of S + As.S; + 
Sr(NO;)2. Another into S + AsS;,; + Ba- 
(NOs;)2. Set fire to fuse. 


E. ZINC 


13-17 Heating ZnCOs, see 7-11. 
stream of oxygen, see 7-12. 


13-18 Amphoteric hydroxide. ZnCl.-aq., NaOH-aq., 
HCl-aq., 2 test tubes. Add NaOH to ZnCl, 
to form Zn(OH),. precipitate in one tube, 
soluble Na.ZnO, in other. Show reverse 
reactions by adding HCl-aq. 


Heating ZnS in a 


F. CADMIUM 

13-19 KI-aq., test tube.  Precipitate 
CdI,. 

G. MERCURY 

13-20 Exhibit: cinnabar, Hg-manometer, Hg- 


switch, Hg-quartz Jamp, Langmuir Hg-vapor 
pump, Weston standard Cd-Hg cell. 

Pharaoh’s Serpents. Mix solutions of Hg- 
(NO;):-aq. and KCNS-aq. to precipitate 
Hg(CNS)2. Filter, press dry, knead into 
little cones with a small amount of dextrine, 
and dry. Burner. Ignite cones: serpent 
forms. 


13-21 


Turn the page for additional demonstrations 


* Footnotes 


13-2 to 13-4 Mention the difficulty of combating Mg bombs 
in Germany and England during World War II be- 
cause the Mg continues to burn with nitrogen in air 
from which oxygen is exhausted, (13-2) and cannot be 
extinguished by (13-3) water or (13-4) dry ice. 


a will work only if the limestone is heated very 
ot. 


13-14 An actual “titration” of the hardness of your local 
water can be carried out, by determining how. many 
drops of soapy water are required to produce a per- 
manent foam. Also explain action of detergents. 


Labels for Topic 13. (For code, see instructions for assembling 
kits. J. Chem. Educ. 32, 12A (1955).) 13-2-w-powdered Mg, 
13-2-J-Ni crucible with cover, 13-3-J-Mg ribbon, 13-4-w-Mg 
ribbon, 13-5-w-Mg ribbon, 13-5-N-HCl aq.» 13-6-N-MgCh. aq., 
13-6-N-Ca(OH)2 aq., 13-9-w-powdered aCO;, 13-9-N-lime- 
water, 13-10-w-Ca(OH)2, 13-10-w-Ca(NOs;)2, 13-12-w-large 
lump CaO, 13-13-J-plaster of Paris, 13-13-w-pennies, 13-14-N- 
distilled water, 13-14-d-NazCO; aq., 13-14-d-CaSQ, aq., 13-14- 
d-Ca(HCO;)2 aq., 13-14-d-soapy water, 13-15-w-anhydrous 
CuSO,, 13-16-w-string fuse, 13-16-J-sulfur, 13-16-J-As2S;, 
13-16-J-Sr(NO3)2, 13-16-J-Ba(NOs;)2, 13-17-w-ZnCOs, 13-17- 
N-limewater, 13-17-w-ZnS, 13-18-N-ZnCl; aq., 13-18-N-NaOH 
aq., 13-18-N-HCl aq., 13-19-d-KI agq., 13-19-d-Cd(NO3)2 aq., 
13-21-N-Hg(NO;)s aq., 13-21-N-KI aq., 13-21-w-dextrine, 
13-21-J-Pharaoh’s Serpent cones, 13-22-d-KI aq., 13-22-d- 
Hg(NOs3)2 aq., 13-22-J-asbestos with Hglb, 13-23-w-with 
shaker top-Ca(NO3;)2; 13-23-w-with shaker top, SrCl.; 13-23- 
w-with shaker top, BaClh; 13-24-d-CaCle aq., 13-24-d-SrCl, 
aq., 13-24-d-BaClh aq., 13-24-d-KyCri0; aq., 13-24-d-Na,CO; 
aq., 13-24-d-H.SO, aq., 13-24-d-oxalic acid aq., 13-25-d- 
Hg(NO;)2 aq., 13-25-d-HgNO; aq., 13-25-d-Cd(NOs;)2 aq., 
13-25-d-ZnCl aq., 13-25-N-H.2S water (or crystals). 


13-9 


+ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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13-22 Allotropic forms of K1-aq., H. ANALYTICAL 
aq., test tube. Precipitate HgI, by mixing : 
KI-aq. with Hg(NO;)-aq. Filter, blot preci- 13-23 Shake salts into 
pitate, smear on square of asbestos. Burner, 
glass rod. Show red Hgl, turns yellow upon 13-24 CaCh-aq., SrCl-aq., BaCh-aq., K2Cr207-aq., 
heating, and reverts to red form on cooling Na,CO;-aq., dil. H.S0,, oxalic acid aq., nine 
and scratching. Mix equivalent quantities test tubes. Form insoluble salts of the alka- 


of very dilute Hg(NO;). and KI solutions: line earth metals. 

the active, yellow modification of Hgl, at 13-25 Hg(NOs)2aq., HgNO;-aq., Cd(NO;)2-aq., 
first forms, but changes over in a few seconds ZnCl.-aq., H:S water, or crystals of NaS, 
to the red variety. five test tubes. Form insoluble sulfides. 


-—Next month's Tested Demonstrations in General Chemistry— 
14. ALUMINUM. THE RARE EARTH METALS 
For a complete list of topics for 1955-5 see J. Chem. Educ., 32, 28-9(1955) 
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Cliff S. Hamilton 


(See page 22) 
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High Form-High Sensitivity-Corrosion Resistant 


Triple-Beam Balance 
STAINLESS STEEL Construction 


Fast 

Accurate 
@ Durable 
Stadle 


e Wide 
Range 


Low 
Cost 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.01 gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using the auxiliary weight listed below, the capacity 
can be increased to 201 grams. 


This is a convenient balance. The beam is con- 
structed of one piece, the three scales being at slightly 
different levels where they are easy to read and their 
riders are easy to manipulate. The riders cannot be 
removed and lost. Zero setting is fast because the 
final adjustment—which is often done carelessly be- 
cause it takes so long with other balances—is accom- 
plished by a leveling screw in the base. The usual 
threaded zero-adjusting weight is provided on the 
beam but is needed only for rough adjustment. 


Significant resistance to corrosion has been achieved 
by making every exposed metal part of this balance of 
stainless steel. The base and beam support are 
beautifully finished in durable, easy-to-clean, baked- 
on, silver-gray Hammerloid. 


The gradual deterioration of the knife-edges and bear- 
ings experienced in other balances has been sharply re- 


4031. 


4030C. PLASTIC COVER, For No. 4030. 


¢ 3 Graduated Scale Levels 
e Hard, Cobalite Knife Edges 
e Grooved Agate Bearings 


Capacity 111 grams 
(201 grams using auxiliary weight) 


SENSITIVE TO 
0.01 grams or less 


duced by making the knife-edges of Cobalite, a very 
hard, non-rusting metal which retains its original true 
edge for an exceptionally long time. The grooved 
agate bearings are designed and protected in such a 
way that they are rarely damaged. Yet they are 
readily accessible for occasional cleaning. 


The middle scale weighs up to 100 grams in 10-gram 
notched steps, the rear scale to 10 grams in 1-gram 
notched steps, and the front scale to 1 gram by a rider 
sliding over a scale graduated to 0.01 gram. All 
numerals and graduations are etched and filled black. 
An adjustable platform for specific-gravity determina- 
tions, and which may also be used to hold the pan 
from swinging during transportation, is included. 


The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 
the hanger is 10!/. inches high. Each, $27.50 


AUXILIARY WEIGHT. For use on the 100- 
gram notch of No. 4030 Balance to incréase weighing 
capacity from 111 grams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 
ance. Each, $1.50 


Each, $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 188 
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Simulation of pressure conditions 
srresponding to altitudes as high as 
50,000 feet can now be obtained with the 
udson Bay Model 5500 Iono-Chamber 
ecently announced by Hudson Bay Divi- 
ion, Labline, Inc., Chicago 22, IUinois, 
ow being produced for the environmental 
sting of missile components under condi- 
ions more extreme than those attained 
‘ith currently-available stratosphere test 
hambers which are usually designed for a 
aximum of 100,000 feet. 

The Iono-Chamber is designed to oper- 
te between sea level and 0.1 micron of 
g, corresponding to altitudes of approxi- 
nately 350,000 feet. One version of this 
hamber currently produced provides a 
hange from sea level to 150,000 feet 


et in an additional 60 seconds. 
The working space is a cylindrical cham- 
ber 18 in. I.D. by 30 in. deep. The test 


hamber is incorporated into a cabinet 
1 in. wide by 72 in. long by 84 in. high. 
he cabinet houses all operating equip- 
hent and controls, providing a self-con- 
ained package. 


A pair of burets can easily be held 
parallel for making titrations with the use 
hf a aouble buret clamp designed and 
manufactured by Central Scientific Com- 
bany, 1700 Irving Park Rd., Chicago, 
llinois. Distinctive feature of the clamp 
sits double action grips which hold each 
buret at both top and bottom thereby 
liminating sideslip or wobble. Each pair 
bf spring action clamps can be sprung 
ither together or singly. 


Stirring Bar Retriever eliminates 
ecessity of emptying contents of con- 
ainer to retrieve stirring bars used with 


magnetic stirrers, including Will’s ‘““Gyra- 
therm” combination magnetic stirrer and 
hot plate. You just dunk the Retriever 
in the container and the bar comes out 
with it. Available from Will Corpora- 
tion, Rochester 3, N. Y. 


p> A new one to four-station vacuum gage 
which gives continuous pressure readings 
from 100 millimeters Hg to 1 micron 
(0.001 millimeters) Hg, is being made 
available in the United States. Con- 
solidated Vacuum Corporation, Rochester, 
New York, a subsidiary of Consolidated 


Engineering Corporation, Pasadena, Cal- 
ifornia, has been appointed authorized 
dealer in this country by the manufac- 
turer, LKB-Produkter, Stockholm, Swe- 
den. 

Called Autovac, it is a self-halancing, 
direct-reading, hot wire type vacuum gage. 
It provides a higher degree of calibration 
stability than any other instrument of its 
type. Applications for the versatile gage 
include vacuum furnaces, stills, metal- 
lizers, dehydration units, and other vac- 
uum processing equipment. The Autovac 
covers substantially all laboratory and 
industrial applications now using Pirani 
and similar gages. Request CVC Data 
Sheet No. 9-25. 


> Delmar Scientific Labs., Chicago, IIl- 
inois has announced a new Distillation 
Train in a single compact unit. This 
Distillation Train is ready for use at all 
times, and is designed to save bench space. 
For accuracy there is the 20mm fritted 
disc in the manostat to allow for precise 
pressure adjustment. Rigid mounting 
reduces breakage. For ease of cleaning, 


TYGON 


At your laboratory 
supply house 


Please mention CHEMICAL EDUCATION when writing to advertisers 


FLEXIBLE 
PLASTIC 


the logical choice . . . 


TUBING 


Chemically inert, non-toxic 
Glass clear for visual control 
Tough, flexible, easy to couple 
Meets every lab. tubing need 


Especially compounded to 
handle every fluid, gas and ~ 
air transmission task normally 
encountered, Tygon Flexible 
Plastic Tubing is the logical 
choice for every laboratory 
usage. Chemically inert and 
non-confaminating it maintains 
purity of solutions; its glass 
clear transparency permits 
instant visual inspection. 


Tygon is physically tough and 
resilient — couples easily 

and holds fast, won’t kink 

or collapse. 


All needed sizes from 
laboratory supply houses 
everywhere. 


s. STONEWARE. 


AKRON 9, OHIO 
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NEW 
LO-TEMP BATHS 


Controlled Cooling and Heating 
Minus 10° C to Plus 65° C 


@ WIDE RANGE Visibility bath with BOTH mechanical 
refrigeration and heating! Provides constant temper- 
ature from Minus 10° C to Plus 65° C using 10” of liquid 
in a 12” uninsvlated pyrex jar. Using less liquid Minus 
20° C is obtainable. 


@ SENSITIVITY Mercury thermoregulator and a 
WACO Thyratrontube Relay controls operation of the 
compressor and heating unit within plus or minus .01° C. 


ALREADY USED FOR—Viscosity vapor pressure and other physical 
data determination, organic syntheses, ASTM petroleum tests, 
etc. Also as COOLANT CIRCULATING SYSTEM for spectro- 
photometers, refractometers, distillation condensers. 


NO. JC882 WACO LO-TEMP REFRIGERATED BATH 
with Pyrex jar 12” diameter. For 115 volt 50/60 _— 


NO. JC884 WACO RECTANGULAR REFRIGERATED 
BATH. Inside dimensions 29” long x 14” wide x 10” 
deep. Range MINUS 35° C to PLUS 50°C. Three- 
wall insulated construction................ 


@ Other sizes and many accessories available to fit your 
needs. Please write for WACO BATH BULLETIN JC-1 
for complete information. 


LABORATORY SUPPLIES AND CHEMICALS 


1525 W. DIVISION ST e CHICAGO 51 


Improved Apparatu 


for Steam Distillations 


A new type of steam distilling apparatus whose 
construction insures a short distillation time, low dis- 
tilling blanks, a good recovery and automatic, 
efficient washing. 


Reduced surfaces and connections of the distilling 
flask and condensers decrease the possibilities of 
contamination and loss. The simplicity of design 
makes this improved distiiling apparatus easy to use. 


The individual steam system provides a convenient 
and safe operation. 


Distilling unit complete... . . $45.50 


* Designed by R. Mavrodineanu and J. Gwirtsman, 
Boyce Thompson Institute 


Manufactured and sold by 


YONKERS 


laboratory supply co. 
MANUFACTURERS & DEALERS 
Palisade Ave., Yonkers 2, N. 
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all connections are made with spherical 
all joints and demounts simply from clips. 
Air trap design of manometer allows easy 
lling, adjustable mirror scale eliminates 
arallax ia reading. 

For further information write Dept. 
$.D., Delmar Scientific Laboratories, 
1551 N. Cicero Ave., Chicago, Illinois. 


ADJUSTABLE SPEED * 
Sparhless ELECTRIC STIRRER 


Range 200 to 1,400 
Revolutions Per Minute 


Speed Stabilized by Governor 


A line of ultra-pure chemicals has been 
Heveloped in the laboratories of the 
isher Chemical Manufacturing Division 
specifically to help remove the last area of 
vuesswork in spectrophotometry. These 
eagents will, of course, also expedite lab 
programs involving analysis, chromatog- 
aphy, special syntheses and extractions. | 

The news is that these ‘“Spectranalyzed 
Reagents” (Fisher Trade-mark) are all 
ested on Warren Spectracords, and each 
yottle bears a facsimile of the actual curve 
or the 220-360 millimicron range. This 
bives the user tangible, working proof of 
he low absorbance (or, conversely, the 
igh transmittance) of each reagent in the 
ltraviolet. These curves are actual lot 
analyses not ‘“‘windows” of absorbance or 
aximum limits. 


NON-SPARKING 
INDUCTION TYPE MOTOR 


Eliminates Explosion Hazard 


e@ Uniform Power Output 
Eliminates Rheostats, Gears, or 
Friction-Drive Discs 


e Thrust Ball Bearings Insure Long Life, 
Continuous Running No. 5230 


5230. ELECTRIC STIRRER Sparkles . | 5230A. ELECTRIC STIRRER Sparkless 
Complete with 6-foot connecting cord, line | f0t 230 Volts A.C. Consists of No. 5230 

itch Stirrer equipped with a step-down trans- 
switch, and plug. pe: former to permit operation on 230 volts 50 
60 cycles, 115 volts A.C. Each $43.50 | or 60 cycles A.C. Each $54.75 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 

ESTABLISHED 

1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U.S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


The mobile bench unit, ‘‘Rolla-Bench,” | 
ntroduced by Palo Laboratory Supplies, 
s now featured at a new low price. It 
s rigidly connected and level with per- 
anent bench or table, yet can instan- 
aneously be rolled along to a new posi- 
‘ion. Can be used on wood, metal or 
stone top tables. Further details and 
bulletin available from Palo Laboratory 
Supplies, Inc., 81 Reade St., New York 7, 
New York. 


A complete range of beakers from 30 ml. 
hrough 1000 ml. capacity and eight sizes 
f centrifuge and test tubes molded from 
Super-Dylan, the new low pressure poly- 
pthylene manufactured by Koppers Co., 
s now being offered by the Nalge Co., 
ne., under their trade name Nalgene 
{H. Super-Dylan is somewhat more 
themically resistant than standard poly- 
pthylene, but of greatest interest to the 
echnician is that it is possible to dry or 
terilize this equipment in an autoclave. 
urther information may be obtained 
rom Emanuel Goldberg, The Nalge Co., 
ne., 625 So. Goodman St., Rochester 2, 
New York. 


“For Scientists Everywhere” 


THE 
KROMO-TOG° 


For Analysis of Gases and Liquids 


whose 
v dis- 
matic, 


THE KROMO-TOG AND ACCESSORY APPARATUS 
PROVIDES THE LABORATORY WITH ALL BASIC * 
INSTRUMENTATION FOR GAS CHROMATOGRAPHY 


Typical Applications Include: 

® Separation of closely boiling isomers includ- 
ing liquid hydrocarbons. 

e Analysis for trace components. 

e Routine, rapid control analysis for control 
component. 

© Propane in commercial butane. 

© Fixed gases in hydrocarbons such as nitrogen 
in natural gas. 

e Analysis of organic acids, alcohols, ketones, 
aromatics, esters and other classifications of 
organic liquids. 

¢ Particularly suitable for separating closely 
boiling compounds and determining specific 
components in complex mixtures. 


tilling IX. Machlett & Son is now offering a new 
es of low-cost junior model homogenizer which, 
lesign hough not as big and powerful as their 
O use. 345”, will handle most homogenizing pro- 

edures efficiently and expediently. 
enient Called the VirTis “23”—23,000 r.p.m. 
the new unit is equally effective for 
5.50 both micro and macro work. It handles 
. olumes from 0.2 to 200 ml. through the 
se of four simple-to-attach fluted homog- 
pnizing flasks. Fitting snugly atop ho- | 
nogenizing flask is a specially designed 
herosol-free assembly, fashioned from 

Heflon. “This assembly prevents harmful Demonstrations Arranged Ask for Booklet No. 83 

herosols from escaping and protects sub- Prices on Request @ trademark 
Btance being homogenized from outside 
mpurities. Running through a friction- 
tee bearing in the aerosol-free assembly 


8 a precision ground shaft which drives BR U R R E L L CORPORATION 


he razor sharp 18-8 stainless steel cutti 
Machiett Scientific Apparatus and Laboratory Supplies 


lrive design eliminates heat formation and 2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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ongmans Books 


GENERAL ORGANIC CHEMISTRY 

W. C. Stickler, University of Denver. Spring 
1956. About 700 pp. 6 by 8% in. Figures 
and tables. About $7.50. 


PRACTICAL ORGANIC CHEMISTRY 
Arthur Vogel, Woolwich Polytechnic. Second 
Edition. 1951. 1033 pp. 6% by 10 in. Fig- 
ures and tables. $10.00. 


ORGANIC CHEMISTRY 

E. E. Turner and M. M. Harris, both of the Uni- 
versity of London. 1952. 904 pp. 6% by 10 
in. Figures and tables. $10.00. 


ORGANIC CHEMISTRY 
I. L. Finar, Northern Polytechnic, London. 
Second Edition. 1954. 732 pp. 6% by 10 in. 
Figures and tables. $7.50. 


MODERN VALENCY THEORY 
G. I. Brown, Eton College. 1953. 


5 by $2.50. 


176 pp. 


CHEMICAL THERMODYNAMICS 


Ilya Prigogine and Raymond Defay, both of the 
Free University of Brussels. 1954. 543 pp. 
6% by 9¥%2in. 152 figs. 40 tables. $12.50. 


LINEAR POLYMERS 


E. M. Frith and R. F. Tuckett. 
6 by 9in. 114 figs. 4 plates. 


1951. 
$3.50. 


355 pp. 


DICTIONARY OF APPLIED CHEMISTRY 


Thorpe’s, Fourth Edition. Eleven volumes, each 
about 700 pp. 6% by 9 in. Vols. I-X, each, 
$20.00. Vol. XI, $25.00. Vol. XII, Index; 
Feb. 1956: 176 pp.; $7.00 


55 FIFTH AVENUE NEW YORK 3, N. Y. 
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Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 
ELECTROPHORESIS APPARATUS ¢ BIO-COLORIMETERS 


GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. } 


179 EAST 87TH STREET, NEW YORK N. Y. 
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bes away with leakage problems. Shaft 
ades, aerosol-free assembly and homog- 
izing flasks all may be placed in the auto- 
ave as & unit. 

A sturdy !/20-h.p. motor assures the full 
000 r.p.m. even at high torque loads. 
ger-tip speed control from 100 to 
5.000 r.p.m. is made possible by built-in 
eostat. 

Complete information about the VirTis 
D3”’ and its accessories is available from 
Machlett & Son, 220 E. 23rd St., New 
ork 10, N. Y. 


Publication of a new general products 
talog containing more than 350 basic 
dustrial, agricultural and pharmaceuti- 
| chemicals is announced by the Dow 
emical Company, Midland, Michigan. 
Among the groups of chemical products 
e plastics, coating materials, magnesium, 
anium, glycol ethers, ion exchange 
sins, heat transfer media, flotation and 
peculating gents, amino acids, organic 
helating agents and various methylcellu- 
@se products. The list of products also 
cludes other organic and inorganic chem- 

Copies are available at no charge from 
echnical Service and Development, The 
ow Chemical Company, Midland, Mich- 
an. 


New Laboratery Apparatus—This just- 
blished supplement to Will General 
atalog 6 is now being distributed. Its 
B6 pages present over 700 carefully 
lected items of new laboratory equip- 
ent, instruments, supplies and sectional 
irniture stocked by Will since the pub- 
shing of its catalog. 

If your laboratory has not received this 
pplement, write Will Corporation, Roch- 
3, New York. 


A new and revised eight-page price list 
pvering its line of plastic laboratory ware, 
Menks, fume hoods, ventilating exhaust 
ns, ducts, pipe fittings, valves, sheets, 
bds, bars and blocks, has been released by 
e American Agile Corporation, P. O. 
pox 168, Bedford, Ohio. 


Tin News, published monthly by the 
alavan Tin Bureau, 1028 Connecticut 
ve., Washington 6, D. C., is available 
br those who wish accurate information 
ut tin production and marketing de- 
elopments. 


Some of the interesting work being done 
the atomic energy center at Oak Ridge, 
ennessee, is described in a new 44-page 
oklet, The Atom in Our Hands, which 
as just been published by Union Carbide 
nd Carbon Corporation. 
Included in the booklet is a description 
the unique process used to separate 
illions of uranium atoms to capture the 
bre type of uranium 235 needed for atomic 
ergy operations. The booklet also tells 
mow the new atomic products—radioiso- 
bpes—are produced. 
The reader is given a glimpse of peace- 
| atoms at work in medicine, industry, 
mud agriculture. There are also photo- 
raphs of several atomic reactors, includ- 
hg the swimming pool reactor built by 
ynion Carbide for the ‘Atoms for Peace”’ 


NALGENE* 
POLYETHYLENE 
TANKS 


. . . moulded in one piece, seamless, 


clean, sanitary, easy to maintain. 


Of conveniently light construction, 


these Nalgene tanks are extremely 


useful for the storage and dispens- 


ing of distilled water, acids, or solu- 


tions. A moulded flange at top 


edge assures rigidity and strength. 


Loosely fitting covers are available 


and all tanks can be fitted with the 
Nalgene 1292 spigot, if desired. 
(Covers, spigots priced separately.) 


*Brand Name for Nalge 

Polyethylene ware. At your Laboratory Supply 
CATALOG No. 1410 without spigot Dealer ey write 
Capacity, gallons ... 5 15 30 55 
Se 13%” 20%” 27” 32%” The \ 
Outside Dimensions . 11” 145%” 18” 22%,” ALGE (() | 
Wall Thickness ..... he” yy” hie 
Price, each ....... 7.50 16.50 21.75 24.00 
Discount: Less 10% in lots of 10 or more, per size. ROCHESTER 2, NEW YORK, U.S. A. 


PROWDLY PRESENTS 


ALL PURPOSE PSC 
ALR CONTROL FQUIPMENT 


CLEANER AIR 

CLOSER REGULATION 
AUTOMATIC DRAINING 
AUTOMATIC LUBRICATION 


DEHUMIDIFIER-+FILTER 


This combination plastic bowl and dehumidifier filters 
out rust, grit and moisture carried by compressed 

air lines. In combination, the silica gel unit dehydrates 
the air to dew point of —40° F. as long as silica gel 
remairis blue in color. (When turning white reactivate 
by heating to 250° F. until blue color is restored.) 
This style unit designed to supply small volumes of 
clean, dry air, free of any moisture such as required by 
instruments, lab test equipment and small air lines. 


Write Dep’t AF—C for Brochure 
Presenting complete line of PSC 
Air Control Equipment. 


CE GLASS INCORPORATED © 


VINELAND @& NEW JERSEY © 
LOUISVILLE, KY, 639-41 SOUTH HANCOCK st. 
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@ 7X is a concentrated liquid gee d 

for use where a high degree Hig 

of cleanliness is required. onlin 

@ 7X is instantly and com- 

pletely soluble in any con- imap 

centration without agi- 

tation. butput o 

@ 7X rinses and drains com- gee 

pletely, quickly; does not 

Vycor a Specialty leave a film. I electr 

Specialists in Fabricating of High Quality Custom-Built Glass hdjusting 
and Quartz Ware for Chemical and Scientific Research. Also al value ta bf pneur 
handle Standard Laboratory Glass and Quartz Ware. pnd fast 
Apparatus made to order for use with ASTM petroleum a On th 
standards. hs pluto 
Heating Mantels e Powerstats « Thermos Vessels _ Available from your laboratory supply dealer, patholog 
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POPULAR HOLLOW SPINDLE, HIGH 


TORQUE, VARIABLE SPEED scr 
Stuar 
ow ava 
erent ty 
tary ors 
With th 
rue-to-s 
ompour 
chemistr 
Power Stir makes your stirring jobs easier, gives you a exact pic 
wider range of operation and does the job better. With ment of 
NEW ANGULAR the new angular support rod you can use Power Stir up to 150 mill 
SUPPORT ROD 22 degrees from verticle in any direction. The Hollow They 
Spindle permits rapid adjustment of rod length up or down fleets, | 
bout at 22 three and a Because it sm, thi 
i rom en y rotating nates rod whipping and wobble, it allows you to use glass mac 
Powor-Stis and plastic as well as metal. It’s the most 
p BF stirrer on the market, because you can do so much with it. The se 
Write for bulletin 270-H for full details. Priced at h pe 
$32.50. fol 
HOLLOW SPINDLE 
SCIENTIFIC 
permits of itrogen 
length by ‘merely INSTBUME NTS distingui 
E-APPORATUS element. 
CORPORATION vals 
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onference held in Geneva, Switzerland, 
his past August. 

Copies of the booklet may be obtained 
by writing te Union Carbide and Carbon 
‘orporation, Room 308, 30 E. 42nd St., 
Jew York 17, N. Y. 


Complete information about L & N’s 
Precision Voltage Divider’—which pro- 
rides a ratio as small as 1: 100,000 and is 
orrect within +1 part of 0.001% of the 
otal is now available in new Data Sheet 
)-51(4), just published by Leeds & North- 
up Co., 4934 Stenton Ave., Philadelphia 
4, Pa. 

This data sheet describes how the Pre- 
ision Voltage Divider is being used (1) 
or calibrating analog computing elements 
uch as potentiometers, slidewire com- 
ponents or other elements involving linear, 
hon-linear, trigonometric, or exponential 
i-c voltage functions, (2) for testing d.-c. 
butput of power packs, and (3) as a cali- 
brated potentiometer. 

Available also from this company is 
nformation on L & N’s new “‘Speedomax” 
1 electro-pneumatic controllers—current 
hdjusting type—describing the advantages 
bf pneumatic control with the flexibility 
hnd fast response of an electrical system. 


On the theory that time is as precious 
plutonium to chemists (metallurgists, 
vathologists, biologists, physicists, too), 
he new Fisher Catalog Supplement de- 
cribes, in just over 100 pages, all of the 
nstruments, apparatus, glassware, labo- 
atory furniture and accessories added to 
‘isher Stocks since 1952 publication of the 
major Fisher Catalog. Available from 
‘isher Scientific, 717 Forbest St., Pitts- 
urgh 19, Pa., or in Canada from Fisher 
ientifie Ltd., 904 St. James St., Montreal 
B, Quebec. 


Anyone interested in the variety of 
echnical applications of nickel and its 
plloys would be interested in the quarterly 
ublication Mechanical Topics published 
and available from The International 
Nickel Company Inc., New York 5, N. Y. 


Stuart and Briegleb atom models are 
ow available in 44-piece sets of nine dif- 
erent types specially selected for elemen- 
tary organic chemistry demonstrations. 
fith this set, it is possible to construct 
rue-to-scale molecular models of most 
ompounds discussed in a first-year organic 
chemistry course. These models give an 
exact picture of the actual spatial arrange- 
ment of a chemical compound magnified 
150 million times. 

They can be used to demonstrate steric 
ffects, isomerism, resonance, tautomer- 
ism, three-dimensional arrangements of 
macro-molecules, biochemical specificity, 
an. other phenomena. 

The school set of atom models includes 
he following nine types: hydrogen, 
hlorine, carbon (aliphatic, ethylenic, and 
kromatic), oxygen (ether and carbony)), 
nitrogen (amino), and NO--radical. A 
distinguishing color is assigned to each 
lement. 

\vailable upon request is a 16-page 
booklet describing the school set of atom 
models in detail. This booklet lists scores 
gees! compounds with their structural for- 
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SPECIAL MUFFLE FURNACES 


for Fast, Accurate Results 
in Class Room Studies 


These special Muffle Furnaces are capable of withstanding a 
maximum temperature of 2,000° F., and can reach this tem- 
perature in approximately 1 hour and 15 minutes, starting at 
room temperature. Heating elements, each one replaceable 
independently of the others, line the sides, top, bottom and 
rear wall. 


Numbered Openings Permit 14 Students to Work at One Time 


Door openings are divided in two sections, each operating 
independently. Space is provided in the heating chamber for 
proper identification numbering so that fourteen students can 
use each furnace simultaneously. These furnaces are specially 
suited for drying of precipitates, ash determinations, fusions, 
ignitions, heating metals and alloys, enameling, heat treating 
and experimental test work. 


Hevi-Duty Furnaces Preferred by Many Universities 


All over the country prominent colleges and universities are 
finding these Hevi Duty Multiple Unit Muffle Furnaces fast and 
accurate for class room studies. They are easy to operate, easy to 
maintain, and provide the same exactness used in industry today. 


Write for Further Information 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVISBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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You can add 
ECONOMY 
to these 


3 guarantees of perfect performance... 


NALGON FLEXIBLE 


PLASTIC TUBING 


1. complete neutrality 
2. absolute flexibility 
3. water-white transparency 


for a sample! Make your own tests! 


Supply Dealer 
or write NALGE 


AND. .. it’s chemically resistant; acid and alkali resist- 
ant, non-oxidizing. It is the quality of Nalgon Plastic 
Tubing . . . not its lower price . . . that is putting it in 
more and more outstanding laboratories everywhere. Ask 


NALGE CO., Inc. 
At your ROCHESTER 2, NEW YORK CHEMICAL EDUCATION 
Laboratory PUBLICATIONS 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods.... 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigacién, Buenos 
Aires 


(Outside U.S.A. $5.59) $5.00 


Easton, Pennsylvania 


00 
Single 
10-19 copies........ 75¢ Ea. 
20 or more copies.... 60¢ Ea. 


AVAILABLE SOON .. . 


The first series of ‘Tested Demonstra- 
tions’ reprinted from the 1955 volume 
of the Journal of Chemical Education. 


The booklet contains the 12 original installments comprising 
941 tested demonstrations on the following topics: 


Chemical Reactions 
Oxygen 


Hydrogen 

Water, Acids, Bases, Salts 
States of Matter. Solutions 
lonization 


En 

Equilibrium. Oxidation and reduction 

Atomic Structure: Radioactivity 

10. Group Zero (Inert Gases) and the Atmosphere 
11. Metallurgy 

12. Group 1. The Alkali Metals. The Copper Group 


The booklet is attractively printed, bound in serviceable 
green cover stock, and punched for a standard 3-ring binder. 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
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A Course in Modern 
Techniques of 


1 ORGANIC 
CHEMISTRY 


By R. P. Linsteap, 
J. A. Etvipce, 
and MARGARET WHALLEY 


Imperial College of Science 
and Technology, London 


for October 1955, 190 pp., illus., $5.00 
nss CONTENTS: 


TECHNIQUES OF PURIFICATION 
AND SEPARATION 


Chromatography—Parti- 
= hromatography (benzene—wa- 
for ter/silica gel system)—Paper Chro- 
n- matography (of amino-acids and car- 
10$ boxylic Chro- 
matography (separation of amino- 
acids)—Multiple Fractional Extrac- 
tion (liquid/liquid system)—Iono- 
phoresis on Filter-paper (separation 
of amino-acids)—Isolation and Puri- 
fication of a Protein (centrifugation, 
crystallization, dialysis and lyophiliza- 
tion)—Fractional Distillation (under 
controlled reduced pressure)—Vacu- 
um Sublimation, and a Note on 
Small-Scale Molecular Distillation of 
Solids—Final Purification of Solids 
for Analysis (crystallization)—Final 
Purification of Liquids for Analysis 
(distillation), and a Note on Small- 
Scale Molecular Distillation. 


Il. SPECIAL REACTION 
TECHNIQUES 


. | Vacuum-line Technique (the manipu- 
lation of small quantities, as in tracer 
work)—Catalytic Hydrogenation at 
Atmospheric Pressure—High Pres- 
sure Catalytic Hydrogenation (auto- 
4 clave)—Reaction in a Carius Tube— 
Vapour Phase, Catalysed Reactions— 
Reaction in Liquid Ammonia (prepa- 
ration of ethynyl carbinols from 
acetylene)—Preparative Use of Lith- 
3 ium Aluminium Hydride—Prepara- 
tive Electrolysis (anodic coupling)— 
Ozonolysis. 


Ill. TECHNIQUES OF QUANTITA- 
TIVE ANALYSIS AND ALLIED 
PHYSICAL MEASUREMENTS 
Notes on the Weighing of Small 
Quantities of Solids and Liquids— 
Semi-micro Determination of Carbon 
and Hydrogen—Micro-Kjeldahl De- 
termination of Nitrogen—Estimation 
of Active Hydrogen . (Zerewitinoff’s 
method and by lithium aluminium hy- 
dride)—Estimation of Molecular 
Weight (cryoscopic, ebullioscopic and 
isothermic distillation methods)— 

> Potentiometric Titration—Polaro- 

graphic Analysis—Colorimetric 

Analysis—Absorption Spectrometry 

(visual instrument)— Measurement of 

Reaction Kinetics (by absorption 

spectrometry, photoelectric instru- 

ment). 


Subject Index. 


ACADEMIC PRESS INC. 
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mulas, and the number and types of atom 
models required to construct each com- 
pound. 

Arthur 8S. LaPine & Co., 6001 S. Knox 
Ave., Chicago 29, Illinois, is sole North 
American distributor of Stuart and Brieg- 
leb atom models manufactured in West 
Germany by E. Leybold’s Nachfolger. 


% A number of automators in Philadel- 
phia are preparing themselves for tomor- 
row’s automatic age by relearning how to 
think! 

The automators—engineers from Min- 
neapolis-Honey well’s Industrial Division— 
are voluntarily attending sessions in crea- 


tive engineering. For six weeks (during | 


classes) the engineers are putting aside 
slide rules and electronic formulas and 
practicing the art of plain thinking. 


Unique “‘brainstorming”’ sessions are held | 


during which time the group’s attention 


is focused on general problems or specific | 


engineering ones. 

The emphasis is on unrestricted, non- 
conformists thinking, says Steve Higgins, 
director of the program sponsored by the 
firm’s research division. Higgins, him- 
self a research engineer concerned with 


| tomorrow’s automation problems, points 
| out that “people” 


are going to be very 
much in demand in the age of automation. 
We must remember, he says, that automa- 
tion will be designed and directed by 
people, not robot machines. 


%* Natural gas delivered to homes and | 
industries may be cheaper because of a new | 


development being applied to 
country gas-line compressors. 


The turbo supercharger which was | 
credited as a vital factor in the develop- | 


ment of our high-flying aircraft of World 
War JI is now reducing the cost of gas- 
line transmission in long distance pipe- 
lines. Mr. E. G. Beardsley, vice-president 
of the Clark Brothers Co., stated in a 
paper given before the National Conven- 
tion of the American Institute of Chemical 
Engineers at Lake Placid, that the turbo 
supercharger is being used to improve the 
efficiency of 2-cycle gas engines used to 
drive gas-line compressors. 

According to Mr. Beardsley, the turbo 
supercharger (a) lowers fuel consumption 
by more than ten per cent, (b) increases 
power output from engines by ten per cent, 
and (c) provides cooler and quieter running 
engines. 


% Professor Arcot Visvanathan of the 
Chemistry Department, Loyola College, 


Madras 31, India has reprints available | 


from the Journal of the Indiana Chemical 
Society on his article entitled ‘A Note on 
the Direct Estimation of Arsenious and 
Antimonius Oxides by Standard Potas- 
sium Dichromate.”’ 


% Are you interested in the variety of 
miscellaneous questions and problems 
that pertain to chemical apparatus and 
equipment? Numerous contributors have 
assisted in the accumulation of stimulat- 
ing ideas and answers to “Individual 
Questions.”’” This information, the eighth 
of a series, appeared in ‘“Dechema- 
Erfahrungsaustausch,”’ was privately pub- 
lished, and is available from Dechema, 
Frankfurt am. W13 Postfach, Germany. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


7 Name & Title 


EXACTING ? 
Your lab needs 
will best be met 


by VITREOSIL” 


Not just the world's largest, but alse the 
most exacting producer of incomparable 
fused quartz ware offers Vitreosil to meet 
your precise needs and specifications. 


TUBING 


sand surface glazed 
or satin surfaced 


Useful up to 1000° C. and under 
extreme thermal shock, Vitreosil 
tubing has both chemical and cata- 
lytic inertness. It is homogene- 
ous and free from metallic 
impurity; and transparent 
Vitreosil offers the best 
ultra-violet transmission. 


Supplied in all 
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Crucibles made of Vitreosil guard the real pur- 
ity of your compounds. They are non-absorp- 
tive, non-catalytic, non-porous; can be wire- 
wound for electrical heating; are immune to 
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thermal conditions. Available in 
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Dishes of Vitreosil are ideal for 
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crystallizing acid solutions. 
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in many sizes from stock, 

or prompt delivery cf 
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Corrosion resistant, this Vitreosil 
equipment is impervious to all 
organic and inorganic chemicals 
even at very high temperatures 
regardiess of concentrations, 
except strong caustics and hy- 
drofluoric acid. They have excel- 
lent high temperature character- 
istics, strength, impermeability 
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shipment, custom items to order. 
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BRYDEN ROD CLAMPS 


Best for all 
— Laboratory 
Purposes 


have no snagging ends. 


~ are available as: 
Rod to Rod Clamps 
Rod to Sheet 
Tube to Pi a 
Extension 
Round Rod Clamps 


Write for FREE literature today 


CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL, SEMI-MICRO, MICRO 
POLARIMETRY INVERSION TESTS HIGH 
TEMPERATURE CONTINUOUS FLOW 


Write for new list PT-14 
O.C.RUDOLPH&SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


LABTICIAN introduc 

Teflon*—Stirri Blades, ‘Keyhole type 

Cat. $-2970S-2971 $-2972 S-2973 $-2974 $-2975 
Size.mm 45x19 65x19 75x19 108x253 125x25 
Price,ea 1.45 1.50 1.83 2.25 2.83 

*Teflon (Tetrafluoroethylene) is inert to 


all chemicals. 
Available from 
ABTICIAN PRODUCTS COMPANY 
190-04 99th Avenue Hollis 23, N. Y. 


SPECIAL LIGHT SOURCES 
Spectral Omnirange Lamp 


Radiation is available from & 
far ultraviolet through the 
visible into near infrared. 
Twelve bulbs mium, §8 
Caesium, Helium, Mer- & 
cury, Mercu -Cadmium, 
i Potassium, ium, 
ubidium, Thallium, 

Zinc and Mercury (with 3 
@ window-like 
in the outer bulb wall for ¥ 
short wave ultraviolet)— 
are interchangeable. 
also © Ultraviolet Blacklight equip nent 

© Sodium & Potassium Vapor Source s 

© Power Supplies for Zirconium Con- 
centrated Arc Lanps 


Write for Catalog or contact your Lab. Supply DLR 


Box 216, Franklin, Square, L.1. 


RARE and FINE ORGANICS 


PYRIDINE & QUINOLINE 


DERIVATIVES 
Pyridine-2-aldehyde —2,2’-Pyridoin 
Pyridine-3-aldehyde —2,2’-Pyridil 
Pyridine-4-aldehyde —_Picolinic acid 
2-Cyano pyridine Quinoline-2-aldehyde 
3-Cyano pyridine Lutidinic acid 
4-Cyano pyridine Cinchemeronic acid 
Pyridyl-2-carbinol Pyridine-n-oxide 
Pyridyl-$-carbinol alpha-Pyridoin 
Pyridyl-$-carbinol Bis (2-Pyridyl) glyco! 

6-Methyl Picolinic acid thioamide 
2, 3, & 4 Pyridyl Oxymethane sulfonic acid 


Many More Pyridines in Stock 


Write to Dept. “A” for complete 
rare organics catalog 


29-46 Northern Bivd., LIC 1, N. Y. 


TRANSPARENT PLASTIC BOXES 


in 


For keeping samples and specimens in 
orderly arrangement, yet visible. 


Also Sample Storage Sets, Various Models 
Write for Details TPB-JCE 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


NEW GERMAN CAMERAS and special equip- 
ment for micro- and technical photography, or 
for the hobbyist. Import your own. Save 
retailers’ and importers’ profits, (about 35%). 
Pay postman duty. No other charges. 


Exakta 1955. Automatic diaphragm 
Zeiss Tessar. $159.00 (duty $22.00) 
Rolleiflex Automatic 1955 Tessar F3.5 
with case $155.00 (duty $15.50) 


Similar prices on most other famous makes. 
All new. Latest production in original factory 
packing. Parcel post & insurance included. 
No other charges. Payment through bank 
guarantees you complete satisfaction before we 
are paid. Experienced (and objective) advisory 
service (please specify requirements) and price 
lists by return airmail. Write WORLDPOST, 
TANGIER, MOROCCO. 
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One of the most difficult evaluations an educator can 


attempt is to try to see what is happening to his phi- 
losophy of teaching. He is often so busy with the 
minutiae of his job that he almost has to take time off 
to raise his sights. The view of what « is he is trying 
to accomplish is sometimes quite a shock. More often 
it is the view of what he is accomplishing without realiz- 
ing it that is the shock. 

We feel that one purpose this page can serve is to 
remind teachers that a glance toward the educational 
horizon is an important part of their obligation to 
themselves and to those they are training. Frequently 
some good listening stimulates fruitful looking. The 
Chemistry Teachers’ Club of New York at their 53rd 
annual meeting had this opportunity. The stimula- 
tion was an address by Lawrence A. Coleman of the 


Allied Chemical & Dye Corporation from which we 


The achievement of the ultimate goal of a peaceful, satisfying 
and secure society, world wide in scope, is not outside the realm 
of human attainment... In your hands has been placed the 
responsibility for establishing the desire for this. Whether or not 
we collectively as a nation or as a part of the family of nations 
fail or succeed in this depends not necessarily on teaching more 
complicated or more specialized science, but in teaching the 
broad concepts, the philosophic background, the transcendental 
truths of science to the many. 

I was brought up in an era when specialization was allegedly 
the keystone to success. It was said then that the world was so 
complicated, that living was such a complex art, that the best 
contribution that any individual could make was to specialize in 
some field. This philosophy was based on the theory that it was 
better—in the sense that it made a greater contribution to the 
overall good—for a man to have unique knowledge than for a 
man to be a “‘jack of all trades.” 

I was attending college during the early days of the late and 
unlamented depression, and the phrase “jack of all trades” 
was—and perhaps still continues to be—unthinkingly a term of 
opprobrium. “Specialization” was the goal. ‘Specialization”’ 
sounded from every commencement platform. “Specialization” 
was conceived to be the panacea for all our ills—economic, 
sociologic, and political. 

This emphasis was misplaced and it has more recently given 
way to a recognition that the completeness of man is important, 
and that his contribution to society bears a direct proportion to 
his completeness. 

By this it is not meant, nor is it in any way intended to mean, 
that a man should not seek as much knowledge as he possibly can 
gain along any one of the myriad paths of knowledge that are 


open to him. On the contrary, real success cannot be achieved 
unless the individual has mastered, as best he can, some art, 
some craft, or some science. 

What I do urge, however, is that in particularizing his study a 
man should gain as much knowledge as he is capable of gaining 
in all fields of endeavor, in all fields of learning, in all fields of 
philosophy. Whereas it may still be true that a “jack of all 
trades and a master of none”’ will be unsuccessful, a ‘jack of all 
trades and a master of one” almost cannot, in our modern 
society, be a failure. 

Successful meeting of the problems of the work-a-day world in 
industry, govenment, in the professions and in the arts, requires 
not specialization—which has been defined as knowing more and 
more about less and less—but rather a certain degree of ‘jack of 
all trades-ness.”’ 


Here is a challenge to an educator to reassess some of 
the emphasis his teaching may be making without his 
realizing it. No one endorses superficiality. In fact, 
contentment with it probably contributes more than 
any other factor to the genuinely dangerous anti-intel- 
lectualism of modern society. 

The more obscure danger brought to light by Dr. 
Coleman’s words is that specialization itself may allow 
a person’s view of all but his narrow interest to be 
woefully superficial. Snap judgments, unexamined 
premises, and fuzzy definitions—all the bane of a man’s 
professional life—may become his modus operandi out- 
side of office or laboratory. Teaching which recog- 
nizes this potentially dangerous result need not produce 
poorly trained specialists, but it should make better 
educated ones. 


WE are glad occasionally to talk directly to high- 


school students among our readers. B. R. Stanerson 
does this in “Financing a college education—fact and 
fantasy” (page 18 of this issue). He gets a lot of mail 
as Assistant Secretary of the A. C. 8. which starts off, 
“Where can I get a good chemical education on a 
scholarship?” This is a direct question which unfor- 
tunately cannot receive a direct answer. Mr. Staner- 
son explains why. At the same time he gives good 
sound advice directed to the serious student with a 
genuine problem of financial need. Nearly every 
chemist has at some time served officially or unoffi- 
cially as a guidance counselor. We know this article will 
be a welcome addition to the ‘career counselor’ file 
of many of our readers. 
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In rEcENT years, isotopes have become one of the most 
potent tools available to the organic chemist for deter- 
mination of reaction mechanisms, quantitative anal- 
ysis, and elucidation of structures. The purpose of 
this review is to illustrate a variety of tracer applica- 
tions by specific examples. 


ISOTOPES AND ISOTOPIC ANALYSIS 


Information concerning isotopes of particular im- 
portance to organic chemists is summarized in Table 1. 
The common stable isotopes and the most important 
radioactive isotope(s) are listed. Deuterium (H?), 
heavy oxygen (0), and all of the listed radioactive 
isotopes (except C™ which has a very short half- 
life) can be obtained on allocation from the United 
States Atomic Energy Commission in a small number 
of standard chemical forms (1). A wide variety of C'* 
and deuterium-labeled organic compounds are avail- 
able from commerical radiochemical laboratories (with 
AEC approval). A few substances containing the 


1 Contribution No. 1972 from the Gates and Crellin Labora- 


USES OF ISOTOPES IN ORGANIC CHEMISTRY’ 


DOROTHY A. SEMENOW and 
JOHN D. ROBERTS 

California Institute of Technology, 
Pasadena, California 


stable isotopes C!* and N are supplied by the Eastman 
Kodak Company. 

The usual standard commercial unit of radioactivity 
is the millicurie (mc.) which is defined as 3.7 X 10 
radioactive disintegrations per second. Most com- 
mercially-available C'*-labeled substances have high 
specific activities (7. e., on the order of one mc. of C™ 
per millimole of compound). This level of activity is 
usually required in work like biochemical feeding ex- 
periments where high dilutions of the isotope are 
expected. It is not often economically feasible to 
synthesize high-activity, specifically-labeled com- 
pounds, since very special vacuum-line and micro 
techniques are generally necessary. For low specific- 
activity materials (on the order of one mc./mole), 
the usual organic synthetic techniques may be em- 
ployed; syntheses starting from the inexpensive radio- 
active materials supplied by the Atomic Energy Com- 
mission are often straightforward and economical. 

Isotopic analyses invariably require rather expensive 
equipment; in starting a research program consider- 


tories. able care should be exercised to select a suitable 
TABLE 1 
Isotopes of Particular Importance to Organic Research 
Maximum 
Atomic Isotope symbol Mode of energy, 
number and mass Abundance, % Half-life decay mM. e. v® 
1 H! 99.98 
12 years 0.015 
6 cu 20.5 min. B® 98° 
Trace* 6400 years B? 0.16 
7 N'4 99.62 
0.38 
8 99.76 
Oo 0.20 oe 
15 ps 100 
p32 ae 14.3 days B®? 1.69 
16 $32 95.1 
87.1 days 0.15 
17 Cl 75.4 
2 X 10° years 0.64 
Br®? 34 hours p? 0.47 
53 [177 100 
8 days B? 0.60 


* The maximum energy of the emitted particles is important in consideration of possible counting procedures since low-energy 


particles may not be able to penetrate to the sensitive part of the counter. 
0.25 cm. for 1.5 m. e. v., and 0.01 em. for 0.15 m. e. v. 8° particles. 


The maximum penetration ranges in aluminum are about 


+ Annihilation of the B® particle by reaction with B° gives a y-ray of 0.5 m. e. v. ener 


¢ Natural carbon which is, or was within 10° years, in equilibrium with atmospheric carbon dioxide contains a small but detectable: 


amount of C' (2). 
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analytical method. Too frequently, economy in an- 
alytical instruments is achieved at the expense of con- 
venient sample preparation and abilit; to work at low 
isotope concentrations. 

Radioactive isotopes which emit 6-particles (e. g., 
H*, and are usually analyzed with an ionization 
chamber or Geiger-Miiller counter. With §-particles 
of low energy (and penetrating power), highest effi- 
ciencies are achieved by counting gaseous samples. 
For this purpose, ionization-chamber techniques are 
most effective. It should be remembered that a ten- 
fold increase in counting sensitivity may permit a 
corresponding reduction in specific activity without 
loss in counting accuracy. 

A modern adaptation of scintillation counting is very 
efficient for 6-emitters. The radioactive substance to 
be analyzed is dissolved in a solvent containing an 
aromatic compound, like terphenyl or anthracene, 
which produces light upon bombardment with £- 
particles. The light emission is customarily measured 
by conversion to electrical pulses with a photomulti- 
plier tube. Thermal noise in the photomultiplier 
tubes may be reduced by refrigeration and by using 
two tubes in a coincidence circuit. 

Analysis of organic compounds for stable heavy iso- 
topes such as H?, C1*, N14, and O often can be achieved 
to better than one per cent with a mass spectrograph. 
In most cases it is necessary to convert the samples 
to a standard form such as hydrogen, carbon dioxide, 
nitrogen, methane, etc., for accurate analyses. 

Deuterium often can be conveniently determined 
by infrared spectrophotometric methods since R— 
H and R—D bonds have quite different absorp- 
tion frequencies. Mixtures of substances which differ 
only in isotopic hydrogen content customarily follow 
the Beer-Lambert absorption law very closely. Many 
of the older deuterium analysis procedures involve pre- 
cise density or refraction determinations which neces- 
sitate extensive and often inconvenient sample purifi- 
cations. 

Nuclear magnetic resonance techniques show great 
promise as a means for analysis of isotopes which have 
nuclear magnetic moments (e. g., H', H?, H*, C1’, and 
N®) (8). 


ISOTOPES AS TRACERS 


Most problems in which isotopes are used as tracers 
depend on availability of a starting material with an 
isotopic label at a particular position, and determination 
of where the labeled atom is located in the product. A 
number of checks are invariably necessary to avoid 
ambiguous results. To illustrate the general procedure, 
a specific example of the use of C'* will be discussed in 
detail. 

Metallic amides have been long known to react with 
aromatic halides to yield rearrangement products. 
For example, o-chloroanisole with sodium amide in 
liquid ammonia yields m-anisidine containing none of 


}the o- or p-isomers. As one working hypothesis, an 


elimination-addition mechanism involving a reactive 


neutral ‘“‘benzyne” intermediate has been considered 
for this type of reaction (4). 


OCH; 
H Cl H 
H H H 
H 
a substituted OCH; 
“‘benzyne” H H 
(1) 
H 
H 


In the corresponding amination of a halobenzene like 
iodobenzene, the two carbons of the “triple bond” of 
the intermediate benzyne, CsH,, should be attacked by 
amide ion with approximately equal probability and 
rearrangement should occur; such rearrangement 
would only ‘be detectable through use of an isotopic 
tracer (4). 


H NH 
NH; 
H | 
| 
H 
| oom 
H 
| 
Hn’ Y 
& H 


The logical starting material for an experiment of this 
type was commercially-available (5) aniline-1-C' 
which could be used to make the desired iodobenzene- 
1-C and, at the same time, be employed as material 
of known isotopic distribution to check possible degra- 
dation schemes for locating the position of the C'*-label 
in the amination product. For an unambiguous test 
of the proposed reaction mechanism, it was necessary 
to show: (1) that the starting material, aniline-1-C%, 
was labeled as represented; (2) that the iodobenzene 
itself did not rearrange in its preparation or in the 
presence of potassium amide and liquid ammonia; and 
(3) that the amination product did not rearrange under 
the reaction conditions. 

The degradation scheme of equation (3) was em- 
ployed to break the original aniline molecules into parts 
containing specific atoms of the aniline carbon skeleton. 
The cyclohexanone is seen to contain all six carbon 
atoms of the benzene ring with the carbonyl group 
corresponding to the 1-position of the starting aniline. 
The pentamethylenediamine from the hydrazoic acid 
reaction contains carbon atoms 2- and 6- of the original 
aniline, while the carbon dioxide represents the carbon 
originally at the 1-position. Thus, the percentage of 


j 
4 had 


the C'+-activity of the cyclohexanone which appears in 
the pentamethylenediamine is the percentage of re- 
arrangement of C'* from the 1-position of the original 
starting material. The data of Table 2 show that the 
pentamethylenediamine obtained by degradation of the 
commercial sample of aniline-1-C'* was inactive. This 
result indicates that the aniline was labeled only in the 
l1-position as represented and that the degradation 
scheme was reliable. On the other hand, the aniline 
from the amination of the labeled iodobenzene con- 
tained only 46.4 per cent of aniline-1-C'*, showing that 
the amination product was formed with extensive 
rearrangement. 

Further degradation of the pentamethylenediamine 
gave trimethylenediamine (see equations above) of 
negligible C'-activity. The trimethylenediamine con- 
tained the carbons of the 3-, 4-, and 5- positions of the 
original aniline and the lack of activity in this material 
indicates that no aniline-3-C'4 was formed in the over- 
all process. This latter result is highly significant since 
it eliminates any possibility of substantial rearrange- 
ment of the iodobenzene and/or amination product 
under the reaction conditions. The argument is as 
follows. If rearrangement of iodobenzene-1-C™ and/or 
aniline-1-C'* occurs to the respective 2-C' isomers, 
then, by the same token, the latter compounds can 
rearrange to the 3-C* isomers, since all of these isomers 
do not differ appreciably in chemical properties but 
only in the position of the isotopic labels. The negli- 
gible formation of aniline-3-C'4, as shown by the very 
low activity of the trimethylenediamine, indicates that 
the rearrangement actually occurred in the amination 
reaction. 

The equivalence of the two “triple-bonded”’ atoms of 
the benzyne intermediate suggests that the expected 
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NH OH OH O 
1 
HONO Hp, Pt A CrO; 4 HN; CHANEL, 2CH.NH; KMn0O, 
 H,0,H® (2 steps) ‘CH, H, 
4 
cyclohexanone i: 
pentamethylenediamine 
cit, 
glutaric acid trimethylenediamine 


extent of rearrangement (7. e., formation of aniline-2- 
C') should be 50.0 per cent 7f the assumption is made 
that C!? and C"™ atoms react at identical rates in the 
final ammonia addition step. Actually, as will be 
noted from the data in Table 2 the observed per cent 
of rearrangement was 53.0 per cent which is in good, but 
not perfect, agreement with the above prediction. As 
will be discussed later, many examples are known in 
which reactions at C'*-labeled positions are as much as 
15 per cent slower than at C!*-labeled positions. About 
a 12 per cent difference in reaction rates for C'* and 
C” atoms (12 per cent isotope effect) would account 
for the deviation of the observed per cent of rearrange- 
ment from that predicted for the symmetrical inter- 
mediates. This is well within the range of the common 
C'kinetic isotope effects. If one accepts the con- 
clusion that a symmetrical C,H, intermediate is in- 
volved, then the isotope effect indicates that the inter- 
mediate must have a finite lifetime, since the addition of 
ammonia is slow enough to have discrimination by the 
ammonia molecules or amide ions between C'* and C” 
atoms. 

The above experiments illustrate a number of im- 
portant principles for the use of isotopic tracers in 
determinations of reaction mechanism, many of which 
are common to almost all tracer problems. A number 
of other examples of the utility of tracer techniques in 
organic chemical problems will now be discussed with 
less complete coverage of details of the synthetic and 
degradative procedures. 


STRUCTURE DETERMINATIONS 


In a few cases, isotopic tracers have been employed 
to eliminate possible structures for stable compounds. 
For example, it has been shown (6) that a mixed dimer 


CO: from and HN;. 
> CO, from g acid and HN;. 
¢ Taken as standar 


TABLE 2 
C'.Analyses of Radioactive Aniline Degradation Products (4) 
. Cyclo- Pentamethylene- Trimethylene- 
hexanone, % diamine, % CO,,* % diamine, % CO,,> % 

Aniline-1-C'™ (100)¢ 0.2+1 96.7 + 1¢ — 
Aniline from reaction of (100) 53.0 + 0.2¢ 46.4+0.1 0.05 +0.3 52.4 + 0.3° 

iodobenzene-1-C!4 with 

potassium amide 


4 Probably slightly i. because of contamination with atmospheric COs. 
¢ CO, from improved isolation procedure with minimal atmospheric CO, contamination. 
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of methylketene-1-C'* and hexylketene does not have 
a symmetrical cyclobutanedione-1,3 structure as shown 
in equation (4). 


CH;(CH:);—C=C=0O + ———> 


C.H;0H 
O + 
(4) 
CH, \(CH:);CHs 


C ©H,OH 
\ CH,CH,CO.C;H, + 


Kthanolysis of the mixed dimer yields ethyl propionate 
and ethyl caprylate. If the dimer had the symmetrical 
structure, the ethanolysis reaction should give ethyl 
propionate and ethyl caprylate of equal C'* content 
since there is an exactly equal probability of splitting 
the molecule along the two dotted lines as shown. 
However, the C'‘-assays showed that 98.5 per cent of 
the C' of the dimer was in the ethyl propionate and 
only 1.5 per cent in the ethyl caprylate. The results 
of this and further C'* experiments, as well as the 
physical properties of the dimeric product, were in 
accord with the conclusion that the dime? was actually 
a mixture containing 67 and 33 per cent, respectively, 
of the following compounds each of which can be cleaved 
by ethanol in only one way. 


CH;—C—C"'=0 CH;(CH:2);—C 


C.H;OH 


CH;(CH2);CH=C—O 
CH;CH2C40.C:H; + CH;(CH2)sCO.C2H; (5) 


Although infrared absorption and electron diffrac- 
tion analyses of organic azides support the linear chain 
formulation for the azide nitrogens, the formerly 
accepted cyclic structure for phenylazide has only 
recently been excluded by isotopic analysis (7). 


8 8 N 
C.H.N=N=N; CH —NC | 
N 


A N®-labeled phenylazide was made by the reaction 
shown in equation (6). 


C,H; —NH—NH, + HN“0, ———> C,H,—N=N=N"; 
CH © 


lf the chain structure were correct the labeled nitrogen 
would be at the end of the chain and if the symmetrical 
cyclic structure were correct, then the N® atom would 
have to be geometrically equivalentto one of the ordi- 
nary N'*atoms. Treatment of the labeled phenylazide 
with phenylmagnesium bromide followed by hydrogen- 
olysis of the resulting diazoaminobenzene gave ordinary 


This result is not 


ammonia and N™-labeled aniline. 
in accord with the symmetrical cyclic structure which 
would give ammonia containing just half of the N”. 


e oe (1) C.H;MgBr | 
C.H;N=N=N"* C,H;N=N—N™“C,H; 
(2) H,O 
C.H;N 
NHS + {CHINE 
C.H;N 1 C.H;N=N—N C,H; 
(2) H 


| 
“—NC,H; 
NH C,H.N“H 
{Nuit} + *} (8) 
REACTION MECHANISMS 


Bimolecular Nucleophilic Substitution Reactions (S,2). 
One of the earliest and most elegant uses of isotopic 
tracers for the determination of reaction mechanisms 
was the classical demonstration that bimolecular 
nucleophilic displacement reactions proceed with in- 
version of optical configuration (8). It was shown 
that 2-iodooctane underwent exchange with radio- 
active iodide ion in acetone at the same rate as (+ )-2- 
iodooctane was converted to the (—)-isomer by or- 
dinary iodide ion under the same conditions. Thus, 
every displacement of ordinary iodine by radioactive 
iodide ion was accompanied by inversion at the optically 
active center. 

Elimination Reactions. The E2 elimination reac- 
tions of organic halides may take place by either a con- 
certed or a stepwise (carbanion) mechanism (equations 
(9) and (10)). A useful technique for detecting the 


IN | slow 
Concerted mechanism: X—C—C:H + OH ———> 


e\, 
X + C=C + HOH (9) 


LJ fast 
Stepwise mechanism: —— + OH 


HOH + X—C—C: —— X + C=C (10) 
| 
carbanion 
presence of the carbanion is to carry out the reaction in 
a deuterated solvent and determine whether or not 
exchange to give the deuterated halide is more rapid 
than elimination. Generally, such exchange is not 
found with the simple alky! halides (9). 


| 


e—_, x° + 


+D® 


| 


(11) 
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B-benzene hexachloride 


8-Benzene hexachloride has been found to undergo 
elimination of hydrogen chloride exceedingly slowly, 
and this fact has been taken as an indication that 
eliminations prefer to occur in a ¢rans-manner because 
8-benzene hexachloride has all its adjacent hydrogens 
and chlorines cis to one another. It has been proposed 
that the hexachloride undergoes slow, stepwise cis- 
elimination under the influence of basic reagents by way 
of a carbanion intermediate. To determine whether 
this was the case, the halide was treated with sodium 
ethoxide in deuterated ethanol (C.H;OD) under con- 
ditions where one-half of the material was dehydro- 
chlorinated. The unreacted starting material was 
isolated and found to contain deuterated 6-benzene 
hexachloride as expected if a carbanion intermediate 
were involved in this cis-elimination (10). 

Favorski Rearrangement. A C'*-tracer study 
has shown that a symmetrical intermediate, such as a 
cyclopropanone, is formed in the Favorski rearrange- 
ment of 2-chlorocyclohexanone by ethoxide ion to 
ethyl cyclopentanecarboxylate. Two reasonable mecha- 
nisms may be written for this rearrangement which 
would lead to products differing in isotopic composition 
when 2-chlorocyclohexanone-1,2-C}* is used as a start- 
ing material. 


0? 
* 
CY 
| 
OR 
CO,R 
ROH (14) 
* 
XO * 
| CO,R 
cyclopropanone 
intermediate i 


Table 3 contains a comparison between the product 


TABLE 3 


Expected and Observed Isotopic Distributions of Ethyl 
Cyclopentanecarboxylate from Favorski Rearrangement of 
2-Chlorocyclohexanone-1,2-Ci* (11) 


Expected Expected 
for for 
ion equation 
Position (13) (14) Found 
Carboxy] carbon 50 50 50 
C-1 of cyclopentane ring 50 25 25 
C-2 and C-5 of cyclopentane 

ring 0 25 25 
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Cl H Cl 
| 


i 


(12) 


compositions predicted for each of these mechanisms 
and the experimental product composition. The re- 
sults are clearly in accord with the postulate of a 
cyclopropanone intermediate for the Favorski ;‘re- 
arrangement of a-chlorocyclohexanone. 

Carbonium Ion Reactions. Much information con- 
cerning the nature of carbonium ion type intermediates 
has been obtained from C™ experiments. Carbonium 
ions are notorious for their ease of isomerization and 
tracer studies have been helpful in defining the re- 
arrangement conditions. For example, in the hydrol- 
ysis of ¢-amy] chloride, isotope-position rearrangement 
could occur via a series of carbonium-ion isomerizations 
as shown in equation (15). Such isomerizations do not 


CH; CH; 
| 20 | H~ 
C'4H;—C—CH.—CH; C™“H;—C—CH:—CH, 
Cl 
CH; CH; 
| b ~ 
C“H;—CH—CH—CH, 
H 
CH; CH; 
| H20 | 
C ( 15) 
OH 


occur under conditions as mild as those in aqueous 
hydrolysis, but isotope-position rearrangements have 
been observed on treatment of labeled ¢-amyl] chlorides 
with aluminum chloride (12). Very extensive re- 
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C'4H;—C—CH.—CH; ———> (16) 
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arrangement was found in the conversion of C'*- 
labeled isopentane to f-amy] bromide (13) by the hydro- 
gen-halogen exchange reaction of Bartlett, Condon, and 
Schneider (14). 


CH; 
t-C,H,Br 

AIBr;, ~0.005 sec. 


( CH, 

| 
Br 

CH, 
—CH,—C“H, 30% 
r (17) 

CH, 
4\_CH,—CH, 


59% 
CH 


CH; 5% 


r 
CH; 
CH;— 


Considerable research has recently been done to 
determine which varieties of carbonium ions exist most 
favorably in nonclassical bridged structures as shown 
in equation (18). A large number of experimental 
techniques have been applied to this type of problem 
and it will suffice to give two examples of isotopic 
tracer experiments. 


“H,—CH; 6% 


R 
| ? 


@*s 
| | 


(18) 


classical carbocation; nonclassical carbocation; 
positive charge rela- positive charge dispersed 
tively localized over several atoms 


It has been well established that the 3-phenyl-2- 
butyl cation is substantially less stable than the non- 
classical phenonium ion and in many reactions the 
phenonium ion appears to be formed directly in the 
ionization process (15). In an investigation of the 
effect of structure on the relative stabilities of classical 


(19) 


H—CH—CH, CH,—CH—CH—CH, + 
x) 


X = p-toluenesulfonate, halide, etc. 


CH; 


phenonium ion 


and nonclassical cations, it was found that only classical 
carbonium-ion intermediates can account for rearrange- 
ments accompanying the acetolysis of 1,2,2-tripheny]- 
ethyl acetate. The specific reaction rate constants 
for reactions (20), (21), and (22) were measured and 
found to be equal to within experimental error (16). 

It can only be concluded from the equality of the 
reaction rates that every time a labeled 1,2,2-triphen- 
ylethyl cation is generated in this system it becomes 
completely equilibrated with all of its isomeric forms 
before reverting to ester. At equilibrium, the ratios 


+ C¥H,CO.H 


(20) 


b—c_cn, 
\A 
CHCOM | 
b_c_cn, 


CH;CO;H 
H® 


= C'+-labeled pheny! group 


O—C—CH; 


+ % + (22) 


| 


| 
O O 


7 
H~ 
H~ 
———- + 
32% 3 
(16) | 
\ 
1% 
~ : 
— | 
O—C—CH; 
O 
| 


of the concentrations of ions A and B above must be 
2.00 because of the statistical factor, 7. e., there being 
two phenyl groups on one side of the molecule and only 
one on the other. If a nonclassical phenonium ion 
analogous to that formed in the reactions of 3-phenyl- 
2-butyl derivatives were the stable reactions inter- 
mediate (equation (24)), the rate of scrambling of the 
pheny] groups would be three-fourths (1/2 + 2/3 = °/4) 
as fast as predicted by equation (23). 

Investigation of the reaction of C'labeled cyclo- 
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(23) 


propyicarbinylamine with nitrous acid reveals that 
cyclobutanol is formed by a process in which the three 
methylene groups of the starting material achieve a 
very high degree of equivalence (17). This result is 
well (though not uniquely) accounted for by a pyram- 
idal nonclassical cationic intermediate as shown in 
equation (25). 

Claisen Rearrangement. Isotopic tracer studies (18) 
of the o- and p- Claisen rearrangements strongly in- 
dicate that these reactions proceed by cyclic mechanisms 


CH: HONO C“H.—CHOH CH.—-CHOH 
H -N: | —H® H:—CH; 
OH: 
CH, 
\—C“H,—CH=CH. 
H; = 
O 
| 
—C'H,—CH=CH; | fast ¢ \—C“H.—CH—CH; 
— 
O—CH.—CH=C"H, 
fast = H 
slow + {CH (27) 
OH 
H; —CH.—CH—C"H, fast CH.—CH=C"H, 
— 
L. CH, a CH; 
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rather than by stepwise processes involving symmetrical 


carbonium-ion intermediates. The results expected 
for each mechanism in the rearrangement of allyl-3-C'* 
p-tolyl ether are shown in equations (26) and (27). 
It was found experimentally that all of the activity in 
the allyl group of the o-allyl-p-cresol was contained in 
the carbon attached to the aromatic ring (18). 

Benzilic Acid Rearrangement. Tracer experiments 
have aided in the elucidation of the mechanism of the 
benzilic acid rearrangement. Oxygen exchange of 
benzil with sodium hydroxide- O under the conditions 
employed in the rearrangements demonstrated a 
rapid pre-equilibrium of the following type. 


ou + OHS 


The benzil was heated very briefly with sodium hy- 
droxide in a water-O'’-methanol medium. The reaction 
time was sufficiently short so that rearrangement did 
not occur to an appreciable extent and the decrease in 
O08 content of the recovered water from the solvent 
indicated that the above equilibria were completely 
established (19). The benzilic acid rearrangement is 
first-order in benzil and first-order in hydroxide ion 
(20); the following mechanism (29) which can be 
written for the rearrangement is consistent with both 
the kinetics and O"8-exchange experiments. 
Radioactive carbon has been used to determine 


ast 
on Adcom, + OH 
OH 


pheny]! migration 


which aryl group migrates in the rearrangement of an 
unsymmetrical benzil (2/). 

Degradation of the rearrangement product of 
1-(p-methoxypheny])-2-phenyl- 1,2-ethanedione-1-C'™ 
showed that the p-methoxypheny] group migrates 
about half as fast as the phenyl group. This result is 
particularly interesting since, in other rearrangements, 
p-methoxypheny! groups migrate to electron-deficient 
centers far more readily than do pheny! groups. The 
dominant factor in determining which group migrates 
in a benzilic acid rearrangement appears to be the 
relative stabilities of the intermediate ions shown in 
equation (31). Since intermediate A is expected to be 


O OH 
cn, 


1890 


| | 
CH, +0H (28) 


of lower energy than B owing to the smaller electron- 
donating tendency of phenyl compared to p-methoxy- 
phenyl, A should be present in higher concentration than 
B. Hence, phenyl] migration can occur more easily than 
p-methoxypheny! migration, provided that the transi- 
tion states for the slow rearranging steps are similar in 
structure to A or B, respectively. 


REACTIVITY STUDIES 


Exchange Rates. Numerous experiments have uti- 
lized hydrogen-deuterium exchange in acid or basic 
media to probe for sites of high and low electron density. 


OH 
slow | Y fast | 
—-_—~C,H;—C—C (29) 
\ 
C,H, “OH GH, 
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Thus, aniline which is expected to have relatively high 
electron density at the o- and p- positions exchanges its 
o- and p- hydrogens rapidly in acidic deuterium oxide 
solutions (22). 

This technique has provided a vivid argument for the 
proposition that second- and higher-row elements can 
have important contributions of resonance forms in- 
volving expansion of their valence shells beyond eight 
electrons. The argument is based on the finding that 
trimethylsulfonium but wut tetramethylammonium 
ions rapidly exchange methyl hydrogens for deuterium 


CH; CD; 
| OD | 
CH;—S—CH; > CD;—S—CD; (33) 
excess D,O 
CH; 
OD 
CH;—N—CH; —— no exchange (34) 


excess D,O 

in basic solution (23). The extra stabilization of the 
conjugate base of the trimethylsulfonium ion is easily 
envisioned in terms of conjugation involving the posi- 
tive sulfur atom as shown in the resonance forms of 
equation (35). 


CH; 


| 


The rates of exchange of benzenoid deuteriums lo- 
cated ortho, meta, and para to fluorine, trifluoromethyl, 
and methoxy! groups have been determined in solutions 
of potassium amide in liquid ammonia (24). Exchange 
is exceptionally fast with o0-deuterofluorobenzene, 
the reaction being complete in less than 15 seconds. 


D H 
() 


NH, NH; A (36) 
xXZ xX7 


(32) 


The relative reaction rates for the various substituents 
are as follows: 


o-F >> o-CF; > m-CF; ~ 0-OCH; ~ p-CF; > m-F > 


> 20,000 3000 70 60 50 25 
p-F > m-OCH; > p-OCH,; 
(1.0) 0.01 ~0.001 


The experimental results appear to be best interpreted 
in terms of inductive and field effects which fall off very 
rapidly with increasing distance between the sub- 
stituent and the reaction site (24). 


KINETIC ISOTOPE EFFECTS 


Isotopic tracer techniques are commonly based on the 
premise that a tracer atom is the exact chemical 
equivalent of the normal atom it replaces. Actually, 
isotopic atoms often display differences in chemical 
reactivity which are termed kinetic isotope effects. 
Thus, the difference in the rates at which C—H and 
C—D bonds are broken may be called a deuterium 
isotope effect. The magnitude of such effects depends 
in a fundamental way on the percentage difference 
in masses of the isotopes involved. 

Theoretical Basis. We consider first possible effects 
of isotopic substitution on bond energies. If the as- 
sumption is made that only differences of nuclear 
masses are involved then we can consider the electrical 
binding energies between isotopic atoms such as C 
—H and C—D bonds to be equal. In this situation, 
the potential energy curves for breaking C—H and 
C—D bonds will be the same (see the figure). There- 
fore, any difference in the energies required for bond- 
breaking must be associated with a difference in vibra- 
tional energies of the starting materials. Since at 
moderate temperatures almost all of the bonds will be 
in their lowest vibrational states, they will have the 
same vibrational energy as at absolute zero (7. e., the 
zero-point vibrational energy). Toa reasonable degree 
of approximation, the zero point stretching vibrational 
energy Ey (which alone will be considered in the sequel) 
for a bond between two atoms is given by the following 
equation: 


where 
stretel 


mass 
indivi 
above 


the se 


Sint 


point 
than 
energy) 
shows 


zero-p 
to 
final | 
predic 
point: 
state 
consté 
Dif 
perce! 
two is 
H anc 
a one 
mass. 
effect 
with I 
Kin 
helpft 
mechs 
fect is 
predic 
ferenc 
a bon 
broke 
Thus, 
tingui 
ofae 
Car 
therm 
malor 
been | 
of ra 
> be re; 
of the 


4 
JOURNAL OF CHEMICAL EDUCATION ¥ youu! 
NH; 
D 
Ls 
NH, D 
7 \ 
D 
shoulc 
less st 
bond 
rapidl 
bond 
ona. 
f 


(32) 


ituents 


p-OCH,; 
~0.001 


preted 
ff very 
sub- 


on the 
emical 
tually, 
emical 
ffects. 
H and 
terium 
“pends 
erence 


effects 
he as- 
uclear 
etrical 
as C 
ation, 
I a id 
There- 
bond- 
vibra- 
ice at 
vill be 
re the 
e., the 
legree 
tional 
equel) 
owing 


VOLUME 33, NO. 1, JANUARY 1956 


hy 


where h = Planck’s constant (erg sec.); k = bond 
stretching force constant (dyne em.~'); u = reduced 
m Me 
m + 
individual atoms. Now all of the factors in the 
above equation for C—H and C—D bonds will be 


mass = , where m, and m, are masses of the 


the same except for 


1+12 j2a+i2 v2 
\ 1 and 3-12 , respectively. 


Since Ey is directly proportional to a the zero- 


: which will have the values 


point vibrational energy for ©C—H bonds is greater 
than for C—D bonds. Correction of the potential 
energy curves (see the figure) for the zero-point energy 
shows that net energy for breaking a C—H bond 
should be less than that for a C—D bond because the 
C—H compound has more vibrational energy, 7. e., is 
less stable. On this basis, a reaction in which a C—H 
bond is broken might be expected to proceed more 
rapidly than the corresponding reaction with a C--D 
bond. However, it must be noted that the foregoing 
zero-point energy effect may only be rigorously applied 
to energy differences between starting materials and 
final products. The situation is more complex for 
predictions of reaction rates since, besides the zero- 
point energy difference between reactants and transition 
state complex, there is an isotope effect on the rate 
constant for decay of the activated state (25). 

Differences in reduced mass will be small when the 
percentage differences in the masses of 
two isotopes are small. Thus, with C!*— 
H and C'*—H bonds, there is only about 
a one per cent difference in the reduced 
mass. In such cases, the kinetic isotopic 
effect will be much less prominent than 
with hydrogen and deuterium. 

Kinetic isotope effects can be extremely 
helpful in determinations of reaction 
mechanisms because wherever such an ef- 
fect is found, of the order of magnitude 
predicted from zero-point energies dif- 
ferences, there is a strong supposition that 
a bond involving the isotope is made or 
broken in the slow step of the reaction. 
Thus, isotope effects may be used to dis- 
tinguish between the fast and slow steps 
of a complex reaction mechanism. 

Carbon Isotope Effects. The ratio of 
thermal decarboxylation rates or ordinary 
malonic acid and malonic acid-1-C™ has 
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malonic acid in the rate-determining step. The isotope 
effect for malonic acid-1-C"* is approximately twice that 
found for C™ (27). 

A large number of C*isotope effects have been 
measured and correlated with reaction mechanisms 
(28). A notably elegant study has been made of the 
change in C'“-isotope effect in the alkaline saponifica- 
tion of carboxyl-labeled ethyl benzoates with various 
substituents in the metfa- and para- positions (29). 

Deuterium Isotope Effects. As would be expected 
from the theoretical discussion given above, more pro- 
nounced isotope effects are shown by deuterium than 
by C8 or C4. Thus, the gross rate of chromic acid 
oxidation of isopropyl alcohol is about seven times that of 
a-deuteroisopropy! alcohol. In contrast, there is less 
than 10 per cent difference between the rates of chromic 
acid oxidation of isopropyl! alcohol and $-hexadeutero- 
isopropyl alcohol. These results establish beyond 
question that the bond to the a-hydrogen is broken in 
the slow step of the chromic acid oxidation of secondary 
alcohols to ketones (30). 

An interesting secondary deuterium isotope effect 
has been reported for the free-radical polymerization of 
allyl acetate (31). Polymerization of ordinary allyl 
acetate gives a relatively short-chain polymer because 
addition of monomer molecules to the growing chain has 
to compete with hydrogen atom abstraction which ter- 
minates one chain and starts a new one. This chain- 
transfer reaction is markedly slowed by having deute- 
rium in place of hydrogen on the a-carbon of the allyl 
acetate. Thus, in the polymerization of a,a-dideutero- 
allyl acetate, a given chain adds on more monomer units 
before chain-transfer occurs, giving a higher molecular 
weight polymer. 


| 
C-H . C-D 
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been shown (26) to correspond to a ratio 
of rates of breaking of C'2—C” and 
C2%—C'!8 bonds of 1.037. This effect may 
} be regarded as evidence for the breaking 
of the bond between C-1 and C-2 of the 


Schematic Potential-energy Diagrams for C—H and C—D Bonds Taken as Diatomic 
Molecules 
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addition 
CH=CH 
growing chain radical H - abstraction 
R»CH,—CH, + CH,==CH=-CH 
(chain transfer) 
H,OAc OAc 
© dinary ammonia, exchange was found to occur at a rate 
CH,==CH=-CH + CH.—CH comparable to elimination suggesting that this halo- 
— benzene reacts by the stepwise mechanism(41). 
Ac H2OAc 8-Deutero-t-amy] chlorides, containing two, six, and 
CH,—CH—CH-—-Ci'.—CH- eight deuterium atoms per molecule, exhibit sub- 
d _ bean 7" (38) stantial isotope effects upon solvolysis in 80 per cent 


new growing chain radical 


Deuterium studies (4) provide strong support for the 
elimination-addition mechanism in the rearranging 
aminations of halobenzenes with the metallic amides 
which were discussed earlier. The formation ° of 
benzyne from a halobenzene may occur by either of 
the following mechanisms. 


x 


q + Oh | (39) 
Nu IV 


(40) 


A kinetic isotope effect of approximately seven is pre- 
dicted for the formation of benzyne by mechanism 
(40) when o-deuterohalobenzenes are used as the start- 
ing material. Mechanism (39) may or may not lead to 
an isotope effect depending on the ratio of the rate for 
loss of a halide ion from the carbanion to the rate of re- 
version to the starting material by abstraction of a 
proton from the solvent. The smaller this ratio, the 
smaller will be the observed differences in the rates of 
reaction of the aromatic C—H and C—D bonds. The 
kinetic isotope effects for these reactions have been 
determined by comparing the relative reaction rates of 
o-deuterohalobenzenes and ordinary halobenzenes with 
’ lithium diethylamide in ether and with potassium amide 
in liquid ammonia. With o-deuterobromobenzene and 
either lithium diethylamide in ether or potassium amide 


in liquid ammonia, the observed isotope effects were 
5.6 + 0.1, showing that the o-hydrogen is removed in | 


the rate-determining step of the amination reactions 
(mechanism(40)). With o-cdeuterochlorobenzene in or- 
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aqueous ethanol (32). The octadeutero compound 
solvolyzes approximately two-fifths as fast as the 
undeuterated chloride. The less extensively deuterated 
compounds have intermediate reactivities approxi- 
mately in proportion to the number of atoms of deu- 


CH; CH; 
cH,—¢_CH,—CH, CH,—¢—CD,—CH, 


1 
Relative k; 1.00 0.71 


CD; 
CD;—C—CH.—CH; 


0.56 0.43 


terium on the 6-carbons. These isotope effects have 
been interpreted in terms of solvation of the incipient 
carbonium-ion intermediates at the #-hydrogen (or 
deuterium) adatoms and in terms of purely hypercon- 
jugative stabilization of the intermediate (32). Both 
explanations postulate stretching of the 6-C—H (or 
C—D) bonds in going from the starting materials to 
the solvolysis transitions states. 


MOLECULAR ASYMMETRY DUE TO ISOTOPES 


For many years attempts were made to prepare 
compounds with detectable optical rotations where the 
only asymmetry is due to replacement of hydrogen by 
deuterium. The first successful preparation of a 
demonstrably asymmetric substance of this type was 
that of 2,3-dideutero-trans-menthane by hydrogenation 
of trans-2-menthene with deuterium (33). 


D 
| H. (42) 
Np Ni Ni 
trans trans trans 
ap —0.14 + 0.01° ap +31.09° ap 0.00 + 0.01° 


The criteria for the reliability of this experiment were 
(1) elaborate purification, (2) reproducibility of the 
optical activity, and (3) controls in which the trans-2- 
menthene was reduced with hydrogen to give a com- 
pletely inactive trans-menthane. 
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A fourth criterion was recently employed to demon- 
strate the presence of optical activity in (—)-1-bro- 
mobutane-1-D (34). Measurements were made of the 
rate of racemization of the optically active bromide in 
the presence of lithium bromide in 90 per cent acetone- 
10 per cent water. The rate of racemization was found 
to be the same as the rate of exchange of ordinary 
n-butyl bromide with radioactive bromide ion (as a 
lithium salt) in the same solvent. The equivalence of 


Br D 
| e 

(- + Br——> ( H+Br® (43) 
D Br 


k 
n-C,Hy—Br + Br* ———> n-C,H,—Br* + Br® 


k, = ke within experimental error 


(44) 


these reaction rates is strong evidence for asymmetry of 
the deutero halide at the primary carbon atom. Fur- 
thermore, these experiments indicate that bimolecular 
nucleophilic displacements on primary halides proceed 
with inversion of configuration. 

Perhaps the most unequivocal evidence for the 
existence of enantiomers of compounds of the type 
RiRx,CHD has been obtained through the stereo- 
specific reaction catalyzed by the enzyme, yeast al- 
cohol dehydrogenase (ADH) (35). In the presence of 
ADH, diphosphopyridine nucleotide oxidizes ethanol 
to acetaldehyde and is converted to reduced diphos- 


He 


ADH 
| | + CH,CH,OH 
\N7® 

| 

R 


diphosphopyridine nucleotide 
H H 


+ CH;CHO + H® (45) 


reduced diphosphopyridine nucleotide 


phopyridine nucleotide. Reduced monodeuterodiphos- 
phopyridine nucleotide was synthesized from 1,1- 
dideuteroethanol by enzymatic reaction (46). 


D 
ADH 
| + CH,—C—OH 
| 
R 
H D 
( | + CH,CDO + H® (46) 
\N 
| 
R 


The deuterated reduced nucleotide yielded ethanol-1-D 


13 


when used to reduce ordinary acetaldehyde. This 
monodeuterated ethanol reacted with diphosphopyri- 


H D 
O | 
i R 
CH,—C—H 
ADH 
| 
__| 
(47) 
OH | 
R 
CH,—c—H CH,—C—H 
ADH 


dine nucleotide to give acetaldehyde containing no 
deuterium. These reactions show that the ethanol- 
1-D was asymmetric because only deuterium was 
transferred from the a-carbon of the ethanol to the 
nucleotide in the oxidation reaction. The other 
enantiomer of ethanol-1-D was prepared by reduction 
of acetaldehyde-1-D with the reduced nucleotide con- 
taining no deuterium. This alcohol was oxidized by 
the nucleotide to produce acetaldehyde-1-D containing 
all of the deuterium. Decisive evidence that the two 
1-deuteroethanols were enantiomers was obtained by 
transforming one into the other through an Sy,2 in- 
verting hydrolysis of p-toluenesulfonyl ester with 
sodium hydroxide solution. 


OSO:z —CH; dis 
(+)CH,—C—H (+)CH,—C—H 
b b 
D 
(~)cH,—¢_H (48) 
bu 


ISOTOPE DILUTION ANALYSIS 


Quantitative analysis of organic components in a 
reaction mixture is frequently difficult if the compound 
to be analyzed is present in small quantity and/or 
is similar to the other components of the mixture. 
With isotope dilution procedures, quantitative isolation 
of a compound is not necessary for analysis (36). The 
only requirement is a sufficiently pure sample for 
isotopic assay. Isotope dilution analysis to obtain the 
number of moles x of an organic compound in a mixture 
may be accomplished by adding a given number of 
moles m of the same compound labeled with an isotope 
of know specific activity Sp. After thorough mixing, a 
sample of the compound is isolated from the mixture, 
purified, and analyzed for radioactivity. The new 
lower specific activity is S. The number of moles of 


H, 


14 


the compound originally present in the mixture may 
then be calculated from the expression: 


So/S = (m + 2)/m; x = — mS)/S 


A related method may be used for analysis of the 
components of reaction mixtures where the starting 
material may be labeled with a suitable isotope. An 
example is the measurement of the distribution of 
isomers in nitration of chloro-, bromo-, and iodobenzenes 
containing radioactive halogens (37). The analyses 
were carried out through the following steps: first, ad- 
dition of known quantities of the inactive forms of each 
mononitrohalobenzene isomer to fractional parts of the 
reaction mixture; second, separation, and purification 
of the diluted isomers to radiochemical purity; and 
third, comparisons of the radioactivities of the diluted 
forms with the activities of the starting materials. In 
this manner, even the small (0.5-2.0 per cent) fractions 
of meta- isomers were determined with reasonable 
accuracy. 

A related technique has been used to analyze mixtures 
of amino acids in protein hydrolyzates (38). The mixed 
amino acids are converted to derivatives of p-iodo- 
benzenesulfonyl chloride containing radioactive iodine. 
The resulting mixture of p-iodobenzenesulfonamide 
derivatives of the amino acids are diluted with known 
amounts of the corresponding labeled derivatives and 
separated and purified for radiochemical analysis. 


CHROMATOGRAPHY 


Mixtures of colorless compounds have been sepa- 
rated by chromatography after conversion to deriva- 
tives labeled with radioactive atoms. Each component 
on the column can be located and quantitatively es- 
timated with a scintillation counter. This method has 
been employed recently in the separation of steroids as 
their p-iodo!*!-benzoates (39). 

Much interesting and helpful practical information 
on the use of tracers in organic chemistry and biology 
has been compiled by Calvin, Heidelberger, Reid, 
Tolbert, and Yankwich (40), and Kamen (41). 
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s MOVABLE SYMBOLS AND FORMULAS AS A 


TEACHING AID’ 


Srupent imagination and understanding in general 
chemistry courses can be stimulated by the use of dem- 
onstrations in which symbols and formulas printed on 
small squares of cardboard and attached to small mag- 
nets? may be freely moved to any position on a vertical- 
mounted sheet-iron background. 

Specific illustrations in which “movable magnetic 
cards” may be used in demonstrations include visual 
illustration of the mechanics of solution of electrolytes 
and nonelectrolytes, visual concept of mechanics of 
electrolytic displacement, explanation of acid-base re- 
latiouships, and demonstration of certain organic re- 
action mechanisms such as the two-step addition of bro- 
mine or hydrogen bromide to olefins. These examples 
do not exhaust the possibilities or uses of suitably titled 
magnetized cards. 

An example of this technique in use under classroom 
conditions describes the operation of a Daniell cell or a 
similar galvanic cell. In this case the magnet board is 
divided into a copper compartment and a zine compart- 
ment*® as shown in Figure 1. In the copper compart- 
ment, cards representing the electrode and marked with 
the symbol Cu are arranged close together and in an 
orderly fashion. Other cards containing Cut+*+ and 


1 Presented before the Division of Chemical Education at the 
128th Meeting of the American Chemical! Society, Minneapolis, 
September, 1955. 

2 Magnets are available from any of several scientific supply 
houses. 

3 Chalk lines are used to mark compartment boundaries if the 
panel is also a blackboard. Otherwise suitably marked mag- 
netized strips of cardboard are employed. 
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still others with SO,-— are scattered throughout the 
compartment to simulate the solution surrounding the 
electrode. A similar picture is set up for the zinc com- 
partment using cards containing Zn, Zn*++*, and SO,-~. 
Each Cu** card has the symbol Cu on the reverse side 
and each Zn card has Zn**+ on its reverse side. The 
instructor starts the discussion by proposing that the 
electrical circuit be closed so that electrons flow through 
the external circuit. At the copper electrode, cards 
containing Cut+* are deposited and inverted, now show- 
ing Cu. The copper electrode model becomes larger 
as more deposition occurs. For every Cu++ card de- 
posited, a Zn card is inverted showing Zn*++ and moved 
away from the Zn electrode model. Hence this elec- 
trode “corrodes” away as illustrated by Figure 2. 
The equations for the electrode reactions and the over- 
all reaction are then written in the usual manner. 
Since the student cannot “copy” the movable model il- 
lustrations into his notes the equations serve as re- 
minders of the picture he has seen. This picture is 
made complete by the corresponding lecture demonstra- 
tion. 

In a similar manner the atom scale picture of many 
other phenomena can be made more vivid to the be- 
ginning student in chemistry. 
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Occastonatzy a student asks why hydrofluoric acid is 
a weak acid. He may point out that hydriodic acid, 
hydrobromie acid, and hydrochloric acid are strong 
acids, and that hydrofluoric acid contains fluorine, 
which is a more strongly electronegative atom than the 
other haiogens, and which might accordingly be ex- 
pected to have a greater tendency to go to the anionic 
form, F-. In fact, however, the ionization constant of 
hydrofluoric acid is only 6.7 X 10~—‘4, whereas those of 
the other hydrohalogenic acids are much greater than 
one. 

We may answer this question by considering the 
factors that determine the free energies of the hydrogen 
halogenide molecules and of the halogenide ions. 

Let us consider first the free energy of formation of 
hydrogen ion, H+, and halogenide ion, X~, in aqueous 
solution at unit activity, from H2(g) and X.(g). Values 
of for the reactions 


1/2Ho(g) + 1/2X2(g) H*(aq) + X~(aq) 


are given in the table. These values have been ob- 
tained from those given by Latimer? by correction from 
the standard state to the gaseous state of the halogen. 
We may well expect that for a series of closely similar 
atoms, the halogen atoms, the free energy of formation 
of the negative halogenide ion in aqueous solution would 
depend in a simple way on the electronegativity of the 
atom.* The values of the electronegativity of fluorine, 
chlorine, bromine, and iodine are 4.0, 3.0, 2.8, and 2.5, 
respectively. In the figure the free energy of formation 


1 Contribution No. 2032 from the Gates and Crellin Labora- 
tories of Chemistry, California Institute of Technology, Pasadena, 
California. 

? Latimer, W. M., “Oxidation Potentials,’ 2nd ed., Prentice- 
Hall, Inc., New York, 1952. 

3 Pautina, L., J. Am. Chem. Soc., 54, 3570 (1932). 


Standard Free Energies of Formation at 25°C. of Hydrogen 
Ions Plus Halogenide Ions and of Hydrogen Halogenide 
Molecules in Aqueous Solution 


AF(H* + HX) 
Hydrogen fluoride — 66.08 —70.41 
keal. /mole keal. /mole 
Hydrogen chloride —31.35 —22.8 
Hydrogen bromide —24.95 —13.1 
Hydrogen iodide — 14.67 — 2.0 
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of these ions (plus hydrogen ion) in aqueous solution is J the & 
plotted against the electronegativity of the atoms. It § lime 2 
is seen that the points lie nearly exactly on a straight § ™emt 
line, the equation of which is — 
volvir 
AF® = —34.7 (x — 2.1) keal./mole plotte 
We conclude that the free energy of formation of the § atom 
halogenide ions is a linear function of the electronegativ- — rabol: 
ity of the halogen. Although this had not been pre- §— of hy: 
dicted, it is, I think, not unreasonable. one sl 
Now let us consider the free energy of formation of } energ 
hydrogen halogenide molecules, HF, HCl, HBr, and HI, — aquec 
in aqueous solution. Values of AF° for the reactions of the 
1/sHa(g) + HX(aq) — 
are given in the table. The value for hydrogen fluoride dashe 
is an experimental one.? The values for the other three We 
hydrogen halogenides are the values of AF® for the weak 
formation of the gaseous molecules with an estimated § stabil 
correction for the free energy of solution. It seems funct 
likely that the correction for the free energy of solution that « 
of hydrogen chloride, hydrogen bromide, and hydrogen the r 
iodide to form the unionized molecules in aqueous solu- from 
tion is very close to zero. The standard free energy of free « 
solution of phosphine is 2.6 keal./mole, and that of — 10" 
hydrogen sulfide is 1.4 keal./mole, and we might feel — 1°" § 
justified in extrapolating from these two molecules to — &"°Té 
hydrogen chloride, obtaining a value close to zero. The } "tic 
free energies of solution of arsine and hydrogen selenide } 0! th 
are 2.8 and 1.4 keal./mole, respectively, and also | Smal 
suggest extrapolation to the value zero for hydrogen very 
bromide. The value for stibine is 2.8, the same as that differ 
for arsine, and we accordingly accept zero for hydroget ener; 
iodide also. woul 
The calculated values of the standard free energy of § i fa 
formation of undissociated hydrogen halogenide mole- — tv 
cules in aqueous solution are plotted as open circles in Cross 
the figure. It is seen that the values for hydrogen io- J ‘ee 
dide, hydrogen bromide, and hydrogen chloride lie ¢ “ss 
above those for the corresponding ions, whereas that its p 
for hydrogen fluoride lies below the value for the ions. chlo 
This means that the ions are more stable than the un- hyd 
dissociated molecules for the heavier halogenides, and fluor 
less stable for hydrogen fluoride. 
A curve that approximates roughly the values for the 
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undissociated molecules is shown as a dashed curve in 
the figure. This curve is a parabola, with equation 


AF® = —23 (x — 2.1)? keal./mole 


The value 2.1 that appears subtracted from z, the 
electronegativity of the halogen, is the electronegativity 
of hydrogen. This equation, involving the square of a 
difference in the electronegativities, was introduced 
over 20 years ago to express the heat of formation of 
hydrogen halogenide molecules and other molecules 
containing single bonds between unlike atoms from 
elementary molecules containing single bonds.* The 
expression is of course only a rough approximation and 
the experimental points do not lie exactly on the dashed 
line in the figure. Nevertheless, it is important to re- 
member that there is a sound theoretical reason for 
expecting the enthalpy of formation of compounds in- 
volving single bonds with hydrogen, for example, when 
plotted as a function of the electronegativity of the 
atom bonded to hydrogen, to be represented by a pa- 
rabola, with its maximumat x = 2.1, theelectronegativity 
of hydrogen. The dashed curve in the figure represents 
one side of this parabola. We may expect that the free 
energy of formation of the hydrogen halogenides in 
aqueous solution will depend on the electronegativity 
of the halogen atoms in a way not greatly different from 
the enthalpy of formation of the hydrogen halogenides, 
and accordingly the parabolic curve, represented by the 
dashed line, is the expected approximation. 

We can now understand why hydrofluoric acid is a 
weaker acid than the other hydrohalogenic acids. The 
stabilization energy of the halogenide ions is a linear 
function of the difference of the electronegativity from 
that of hydrogen, and these ions become the more stable, 
the more the electronegativity of the halogen differs 
from that of hydrogen. In consequence, the standard 
free energy of formation of hydrogen ion and fluoride 
ion in aqueous solution is about twice that of hydrogen 
ion and chloride ion. On the other hand, the free 
energy of formation of a hydrogen halogenide is a quad- 
ratic function of the difference in the electronegativity 
of the halogen and hydrogen. When this difference is 
small, the free energy of formation of the molecule is 
very small, and it increases rapidly with increase in the 
difference. We would expect that the standard free 
energy of formation of undissociated hydrogen fluoride 
would be four times that of hydrogen chloride, and it is 
in fact over three times as great. In consequence, the 
two curves, the dashed curve and the straight line, 
cross for a value of the electronegativity that lies be- 
tween that of chlorine and that of fluorine. The un- 
dissociated hydrogen chloride molecule is stabilized by 
its partial ionic character to a smaller amount than the 
chloride ion is stabilized by its electron affinity, heat of 
hydration, etc., whereas the undissociated hydrogen 
fluoride molecule is stabilized by its partial ionic char- 
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acter to a greater amount than the fluoride ion is 
stabilized by its electron affinity, etc. 

From the values given in the table (the vertical 
separation of the full circles and open circles in the 
figure) we can calculate the equilibrium constants of the 
hydrogen halides with use of the equation AF® = —RT In 
K. The calculated values are uncertain because of 
uncertainty in our estimate of the standard free energy 
of solution of the undissociated molecules. The values 
of the acid constants obtained in this way are 2 X 10° 
for HCl, 5 X 108 for HBr, and 2 X 10° for HI. These 
acids are accordingly very strong acids. 

It need not surprise us that the acid strengths in- 
crease rapidly in the sequence HF, HCl, HBr, HI. The 
same increase is observed also for the sequence H,O, 
HS, H2Se, and H:Te. If the activity of water is taken 
as its molal concentration, its first acid constant is 2 X 
10-'*. The first acid constants of H.Se, and H.Te 
are 1.1 X 10-7, 1.7 X 10-4, and 2.3 X respectively. 
We see that these four very weak acids have a total 
span of their first acid constants of 101%; hydrogen 
telluride is 10'* times as strong an acid as water. Sim- 
ilarly, the hydrogen halogenides have a span of 10'°, 
hydrogen iodide being 10'* times as strong as hydrogen 
fluoride. The intermediate acids in each series occupy 
similar positions. 

The energy of stabilization of covalent bonds by par- 
tial ionic character is accordingly so great for the bonds 
between hydrogen and the most electronegative atoms, 
fluorine and oxygen, as to overcome the anion-forming 
tendency of these atoms and to cause hydrogen fluoride 
and water to be much weaker acids than the hydrogen 
compounds of their heavier congeners. 


4 Since this paper was written, a rather similar evaluation of the 
acid strengths of the hydrogen halogenides has been published, 
by McCovusrey, J. C., Trans. Faraday Soc., 51, 743 (1955). 
The values of K calculated by McCoubrey for HCl, HBr, and 
HI are 10’, 109, and 3 X 10%, respectively. 
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AND FANTASY 


Ix rounp numbers there will be about 100,000 intelli- 
gent and well-qualified young men and women unable 
to start college next fall because of lack of finances. 
About one-half of these have no strong motivation to- 
ward college and perhaps would not attend if given an 
opportunity. The other 50,000 are sincerely interested 
in higher education, and many are exploring ways and 
means of obtaining such training. At certain times of 
the year it seems that most of these 50,000 write to the 
American Chemical Society for ‘a complete list of 
scholarships and fellowships available to high school 
graduates.” 

The Society would like to comply with every request 
it receives. It is especially anxious to furnish informa- 
tion which will help young people get started in college. 
However, it cannot comply with the request for ‘“a 
complete list of scholarships and fellowships.” 

Theresa Wilkins of the United States Office of Edu- 
cation has said,' ‘Perhaps an agency which combined 
the investigative powers of the FBI with the tabulating 
skills of the Bureau of the Census would be able to ferret 
out all the big and little grants and produce a total that 
would be almost valid for a week or two, but it is doubt- 
ful if the changing statistics would justify the expendi- 
ture of time and money.”’ She has explained concisely 
why the American Chemical Society or any other organ- 
ization has not compiled a completely adequate list of 
financial aids available to students. Of course, such 
standard references as the Office of Education publica- 
tion? and books by Feingold* and Jones‘ are good but 
they are not what is usually requested. References to 
fellowships for study abroad and assistance to graduate 
students are more complete than comparable informa- 
tion on aid to undergraduates at institutions in this 
country. 

Even if all information on financial aids could be 
compiled and printed in one volume, it perhaps would 
not be as helpful as many believe. Furthermore, this 
lack of information is not as serious a handicap as one 
might think. Students are getting the cart before the 


' Wixkins, Tueresa, School Life, 37, 116-19 (1955). 

2 Ibid., “Scholarships and Fellowships Available at Institutions 
of Higher Education,” U.S. Government Printing Office, Bulletin 
No. 16 (1951). 

3 Frrncotp, 8S. Norman, “Scholarships, Fellowships and 
Loans,”’ Vols. I, II, and III, Bellman Publishing Co., Boston, 
1949, 1951, and 1955. 

4 Jones, THEODORE §., “Your Opportunities,”’ Theodore S. 
Jones, Milton, Massachusetts, 1955. 


18 


FINANCING A COLLEGE EDUCATION—FACT 


B. R. STANERSON 
American Chemical Society, Washington, D. C. 


horse when they inquire about financial aids before 
selecting a school and a field of specialization. 

It is more logical for a student to proceed as follows: 

(1) Select the field for a career (science, engineering, 
education, law, etc.). 

(2) Identify schools approved for their training in 
the area of specialization. 

(3) Decide what other features of a college are im- 
portant. 

(4) Eliminate from consideration those colleges 
which do not have the features required. 

(5) Select approximately a half dozen institutions 
and get more detailed information from them, especially 
about financial aids available to entering students. 

(6) Apply for admission to and financial aid from 
schools considered most suitable. 

(7) Apply for financial aid from local industries, 
professional groups, alumni associations, service clubs, 
religious organizations, state departments of education, 
and other sources known to teachers, counselors, and 
experts in the field. 

(8) Consider the possibility of grants available for 
study in special fields, such as military science. 

(9) Investigate loan funds as well as scholarships, 
fellowships, and grants. 

(10) Once financial aid is granted, utilize it effec- 
tively by proving through accomplishments that it was 
given to the appropriate person. 

“First things first” may be a trite expression but it 
has a lot of significance throughout life. It seems 
logical that the initial step in planning an education 
beyond secondary school is the selection of a field of 
specialization. At first this need not be a narrow field 
but certainly it is desirable to select an area such as 
science as contrasted with law or business. Modern 
methods of measuring student aptitudes coupled with 
intelligent counseling should make it possible for most 
young people to make this selection. 

It is relatively easy to identify schools approved for 
their training in any chosen area of study. The most 
common source of information is the professional so- 
ciety that serves the particular field of specialization, 
like the American Chemical Society. The number of 
approved institutions will vary greatly with the field 
of specialization. It would be impractical for a student 
to search out detailed information about all, when cey- 
tain ones can be eliminated by consideration of such 
factors as the type of institution, geographical location, 
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environment, cost, and the size of student body. For 
instance, a student having difficulty financing his edu- 
cation perhaps would do little more than look longingly 
at a college all the way across the country although it 
may be well suited to his educational needs. Another 
student may eliminate from consideration a liberal-arts 
college in his home town because of his preference for a 
technological institute. Factors of this type usually 
will help eliminate a fairly large proportion of the list of 
schools. Numerous helpful articles and booklets have 
been written on the subject of selecting a college.®*® 

Once the number of institutions that seem appropriate 
has been brought within bounds (a half dozen or so), 
it is suggested that the student then obtain as much 
detailed information as possible about these schools. 
The first step may be the collection of college catalogues 
and literature from the department of specialization. 
Talks with alumni are helpful; many schools provide 
for such contacts. Finally, a visit to the campus, pref- 
erably while school is in session, should be arranged. 
To be really worth while this must be more than a drive 
through the winding roads of the campus. Interviews 
with the head of the department or other professors in 
the area of specialization are highly desirable. Inquir- 
ies about financial aid should also be made during this 
visit. Many schools have grants that are given little 
or no publicity but are reserved for needs revealed 
through interviews. 

If such assistance is required for matriculation, this 
fact should be made clear at the time the application is 
submitted. This must not be intended as a threat to 
the institution but simply as a statement of fact to help 


5 SHostecK, Ropert, ‘The College Finder,” B’nai B’rith Voca- 
tional Service Bureau, Washington, D. C., 1955. 

6 Dunsmoor, CLARENCE C., AND Oxtver C. Davis, ‘How to 
Choose That College,’’ Bellman Publishing Co., Boston, 1951. 
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it determine the relative merits of the numerous similar 
requests it receives. 

It is only natural that young people refrain from going 
in debt any more than necessary. For that reason 
there is not the demand for loan funds that there is for 
scholarships and fellowships. Loan funds should not 
be overlooked by those who cannot finance their edu- 
cation by other means. The low interest rate, if any, 
and the length of time given to repay loans will come 
as a surprise to many. 

Once financial aid has been secured for a year or even 
a semester, the best way to insure its continuation is for 
the student to show through accomplishment that he is 
worthy of help. This will require diligent planning and 
hard work in most cases. 

Comments thus far have been general and apply to 
any high-school graduate wanting to go to college. An 
article in THIS JOURNAL may be expected to make some 
special mention of those who expect to major in chem- 
istry and chemical engineering. While these students 
are of particular interest to the chemical profession, 
their problems are essentially the same as for those going 
into other fields. 

Those interested in careers in chemistry and chemical 
engineering are urged to consult with members of the 
American Chemical Society and its local sections, di- 
visions, and representatives of chemical industry. 
The Society has vocational-guidance literature to help 
guide young people in the selection of careers. Several 
local sections and chemical industries give awards and 
scholarships, and a few have loan funds. The JourNAL 
oF CHEMICAL EpucaTIon and Chemical and Engineering 
News intermittently carry notices of financial aids to 
students. The chemical profession is always looking 
for outstanding young talent and has much support to 
offer. It wants to be asked. 


MERCK GRADUATE FELLOWSHIP IN ANALYTICAL CHEMISTRY 


APPLICATIONS are again being received for the Merck Graduate Fellowship in: Analytical Chemis- 
try, financed by Merck & Co., Inc., and administered by the A. C. S. The annual stipend is 
$2500. The place of study must be an institution whose undergraduate course of instruction in 
chemistry is approved by the Society. In Canada, the institution selected must be approved by the 


Chemical Institute of Canada and the A. C. 8. 


A fellowship will be awarded to the applicant believed capable of contributing most to the ad- 
vancement of the theory and practice of analytical chemistry during the fellowship and in the 


future. 


It will be voted contingent upon the successful candidate’s obtaining acceptance from the 


institution and the professor selected for the study program sponsored. 

Application blanks may be obtained from the American Chemical Society, 1155 Sixteenth Street, 
N. W., Washington 6, D. C. They should be completed and returned to the Merck Fellowship 
Committee, at the same address, along with letters of recommendation and transcripts of credits. 
Deadline date for receipt of all material is February 1, 1956. 


| 
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Ai.wosr all discoveries and inventions have a previous 
history, which in some instances extends over years, 
decades, and even centuries, as in the case of the dis- 
covery of oxygen; on the other hand, novel, unexpected, 
and even undreamed of events can occur, such as the 
discovery of X-rays, radium, and the fission of the 
uranium nucleus. Consequently, it is not surprising that 
there were forerunners to the Bunsen burner, whose cen- 
tenary should have been one of the highlights in the 1955 
calendar of historical celebrations. These predecessors 
represent unsuccessful attempts to use the same basic 
principle. Once brought to the stage of practical use- 
fulness, this laboratory device was rapidly adopted in 
laboratories throughout the world and its adaptations 
to domestic and industrial needs followed in swift order. 
It would be hard to picture our present civilization 
without this efficient means 
of burning gas to produce 
heat. By this achievement 
alone, Bunsen became one 
of the great scientific bene- 
factors of our era. 

In 1852 Robert Wilhelm 
Bunsen (1811-99) was called 
from the University of 
Breslau to succeed Leopold 
Gmelin (1788-1853) as 
professor of chemistry at 
Heidelberg. Here he in- 
herited an old laboratory, 
which, like the one he had 
just left in Breslau, had for- 
merly been a monastery. 
It is not surprising that one 
of his stipulations when ac- 
cepting the call was that a 
new laboratory was to be 
built according to his own 
plans. He moved into the new building at Easter, 
1855. With its large auditorium, 50 working places, 
special rooms, etc., it was the largest and best equipped 
teaching laboratory in all Germany. It was soon 
filled to capacity with enthusiastic students, especially 
because Giessen, hitherto the Mecca of chemical train- 
ing, had lost its appeal when the great Liebig had gone 
to Munich in 1852 with the express proviso that he be 
relieved of all laboratory instruction. 

Like many other German cities, Heidelberg had ac- 
quired a gas works to light the streets. The plant went 


Figure 1 


THE CENTENARY OF THE BUNSEN BURNER 


GEORG LOCKEMANN 
Miihle Hollenstedt, Germany 
(Translated by Ralph E. Oesper) 


into production in October, 1852, 7. e., just when Bunsen 
took over his new chair. He had long wrestled with 
charcoal and coal furnaces, and with alcohol lamps, and 
was seeking a better means not only of lighting his 
laboratory, but also of providing better sources of heat 
for laboratory operations. Consequently, he included 
the necessary piping in the new laboratory. However, 
the devices for burning gas then available all suffered 
from the grave defect that they delivered luminous 
smoky flames of low heating power. Bunsen, a self- 
confident inventive genius, was sure that he could de- 
vise a suitable burner. 

When his brilliant student Henry Roscoe (1833- 
1915) came back from his vacation, he brought from 
London an Argand burner, whose essential feature was 
a copper cone which could be slid up and down along 
the tube of the burner, and whose top consisted of wire 
gauze. Presumably this was closely allied to the burner 
described by Michael Faraday in his ‘(Chemical Ma- 
nipulations,’”’ published in 1827. Bunsen tried it out 
and rejected it. The flame was too large, it was diffi- 
cult to regulate, and the gas was so diluted that the 
resulting temperature was too low. Furthermore, the 
flame flickered excessively. Bunsen set to work and in 
a short time came up with an astoundingly simple solu- 
tion to this complex problem. Instead of feeding the 
flame with air from the outside, he prepared the gas-air 
mixture previous to the combustion. In this way he 
found that he could produce nonluminous fiames of 
high heating value. He took his ideas to the univer- 
sity mechanic, Peter Desaga, and by the time Bunsen 
moved into the new laboratory in the spring of 1855, 
Desaga had manufactured enough burners for the 
Heidelberg students and soon was supplying the de- 
mands that came from all quarters of the chemical 
world.! 

Bunsen did not publish an account of the burner until 
two years later. This description, accompanied by a 
cut, appeared in a joint paper with Roscoe,? the second 
in the series on their photochemical studies. He spoke 
of the burner in the modest terms so characteristic of 
all his descriptions of his own inventions and dis- 
coveries. He writes of the new heating device: 


. .. Which one of us has devised and introduced in place of the 


1 The author is indebted to Mr. Erich Fecht of Heidelberg, 
present owner of the firm C. Desaga, Factory for Scientific Appa- 
ratus (founded by Carl Desaga, the son of Peter Desaga) for 
information regarding the latter. 

2 Poggendorffs Ann. Physik, 100, 84-5 (1857). 
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wire gauze burners in the laboratory here, and which is better 


suited than any other appliance for producing steady flames of 
different luminosity, color, and form. The principle of this 
burner is simply that city gas is allowed to issue under such con- 


ditions that by its own movement it carries along and mixes with 


itself precisely enough air so that the resulting air-bearing gas 
mixture is just at the limit where it has not yet acquired the abil- 


ity to propagate the flame through itself. In Figure 6 [Figure 1 
in this paper] a is an ordinary cross cut burner rising in the center 


of the cylindrical space b to the same height as the surface of the 
cube ecec. The cylindrical space b, which is 15 mm. deep and has 


a diameter of 10 mm., communicates with the outside air through 
the four holes d, which are 7 mm. in diameter. If the tube ee, 


which is 8.5 mm. wide and 75 mm. long, is screwed into the cylin- 


der, and the city gas is allowed to flow into it through the burner 
a, it sucks in so much air through the openings d that it burns at 


the mouth of the tube e with a nonluminous, perfectly soot-free 


flame. The brightness of the gas thus mixed with air hardly 
exceeds that of a hydrogen flame. After the openings d are 
closed, the bright and sooting illuminating gas flame reappears. 


The burner evidently was used for some years in the 
form described and pictured here, namely, with four 
In any case, the illus- 
trations (Figure 2) in the papers entitled ‘Lotréhr- 


air holes in the square block. 


versuche” (“Studies with the blowpipe’”’) and ‘‘Che- 
mische Analyse durch Spektralbeobachtungen’’® still 
show the same model. When it was desired to obtain 
a somewhat or completely luminous flame, it was neces- 
sary to stop up several or all four holes. There is no 
record of the date at which the four holes in the cubical 
base of the burner were replaced by the now general 
two larger holes in the burner tube along with the ro- 
tatable perforated ring. It is quite likely that this 
improvement was contributed by Desaga. 4 

Neither Bunsen nor Desaga applied for patent pro- 
tection on the new burner. As was to be expected, it 
was not long before others produced imitations of the 
strikingly useful appliance, and some went so far as to 
claim the invention as their own. As early as 1855 
Desaga found it necessary to send a note to the Dingler 
Polytechnische Journal refuting the allegation by the 
firm Julius Pintsch of Berlin that the burner was their 
brainchild. On May 22, 
Bunsen sent Desaga a writ- 
ten declaration that the lat- 
ter had employed a principle 
outlined by Bunsen as the 
basis for the construction, 
in a very ingenious manner, 
of a gas burner whose me- 
chanical details were de- 
veloped by the apparatus 


8 Ann., 111, 257 (1859); Pog- 
gendorffs Ann. Physik, 110, 161 
(1860). 

‘The three illustrations ac- 
companying this paper were 
kindly provided by Dr. Rudolf 
Sachtleben, section chief in the 
Deutsches Museum in Munich. 
Unfortunately, neither the mu- 
seum nor the Desaga firm in 
Heidelberg has any specimens of 
} the original Bunsen burner. 
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Figure 2 


maker himself. With this it was possible to obtain a 
sootless, nonluminous flame. In his (Bunsen’s) opinion, 
Mr. Desaga had constructed a burner which doubtless 
has contributed materially to the use of illuminating 
gas for heating purposes. 

A second attempt to pirate the invention was made 
by R. W. Elsner, a gas engineer of Berlin, who went so 
far as to obtain a patent on the burner in the Kingdom 
of Hannover. The patent was dated January 4, 1856, 
and had a life of five years. Desaga, of course, attacked 
this procedure. He stated® that as early as the fall of 


5 Dingler Polytechnische Journal, 143, 340 (1857). 
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1854 he had received from the “Herrn Hofrath Bunsen”’ 
a commission to construct, in accord with the latter’s 
specifications, a gas burner without a wire gauze and 
delivering a completely soot-free flame, and that when 
he finally succeeded after many trials, he equipped the 
new laboratory at Heidelberg with 50 such burners. 

The further spread of the use of the burner is common 
knowledge. It soon rendered invaluable services to 
Bunsen himself. It was an essential tool in the photo- 
chemical studies he carried out with Roscoe from 1855 
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to 1862. It likewise made possible the joint researches 
_with Gustav Kirchhoff (1824-87) which resulted in their 
spectral analytical triumphs (Figure 3). 

If the centennial of the bunsen burner brings once 
more to our minds the memory of the brilliant scientist, 
gifted inventor, and lovable gentleman, Robert Wilhelm 
Bunsen, who generously donated all the fruits of his 
wonderful skill and mind to the whole civilized world, 
we should certainly not forget to include in our grati- 
tude his worthy technical collaborator, Peter Desaga. 


Tue editors of THis JouRNAL are pleased to bring to 
readers’ attention the recognition which has come to a 
chemical educator by the action of the St. Louis Sec- 
tion of the American Chemical Society. Dr. Cliff S. 
Hamilton, of the University of Nebraska, is the 
recipient of the Eleventh Midwest Award and Medal. 
We quote from the citation read at the presentation in 
November: 


Beginning with his graduate work, he has been a regular con- 
tributor to the chemistry of organic compounds of arsenic and 
his laboratory is now generally recognized as the foremost in the 
world in that field. 

He and his students have published papers of real significance 
in the field of structural organic chemistry, particularly that of 
medicinal compounds. 

As a director of research, he has been highly successful in de- 
veloping research ability in his students as well as in guiding 
each of them to a solution of his particular problem. 

In the class room, he is an inspiring teacher, and possesses 
the happy faculty of insisting upon the highest standards of per- 
formance while displaying kindness and consideration in helping 
his students to meet them. 

As Chairman of the Department of Chemistry for sixteen 
years, he has displayed intelligent sure-handed leadership. He 
is admired and respected by his staff, and his effectiveness in 
dealing with the University administration is evidenced by the 
outstanding position of his department with respect to others in 
the University. 

His devotion to the science of chemistry was demonstrated 
by his return to the Department of Chemistry after two success- 
ful years as Dean of the Graduate School. 

His understanding of the personal problems of his students and 
his kindly advice have endeared him to all those who have had 
the good fortune to be in a position to seek his help when con- 
fronted with difficulties. 

Many members of the technical staffs of chemical industry 
and of university and college laboratories from coast to coast 
are his former students and are anxious to acknowledge his part 
in their successes. 


1955 MIDWEST AWARD TO CLIFF S. HAMILTON 


Cliff Struthers Hamilton is—in the finest meaning of both 
words—a scholar and a gentleman. 


Dr. Hamilton’s address dealt, most appropriately, 
with problems and aims of graduate education in chem- 
istry under the title, “Dividends from industry’s invest- 
ment in colleges.” Two challenging quotations from 
this speech are: 


We are anxious to send industry the type of graduate that will 
most nearly fit its needs. In general, we believe that industry 
wants an all-around person—one with a creative mind and good 
ideas, one who has the ability to convey those ideas to others, 
orally, or in writing. It is not difficult to find numerous examples 
of men who have received greater recognition in industry than 
other men with equally good minds simply because the former 
were able to present their ideas in a more forceful way. We 
believe the chemical industry wants a person with an excellent 
foundation, not only in chemistry, but also in related sciences 
and mathematics. A well-rounded chemist should have poise, 
adaptability, self-confidence, honesty, and the ability to meet 
people readily. He should be a potential leader. 

If the candidate has been carefully selected, and if he can 
weather the storm as discussed, he, in our opinion, will be able 
to go either into industry or into the teaching profession, which- 
ever he prefers. And let me say right here, we hope more of them 
will go into teaching, for unless we can attract more of the all- 
around good men the product turned out for industry in the 
years to come will be inferior. In other words, industry cannot 
have its cake and eat it too. It must help to make the teaching 
profession so, attractive that a sufficient number of graduates 
with the Ph.D. degree will enter the teaching field. If industry 
robs us, it will in the end rob itself. 


Dr. Hamilton is the seventh educator to be so honored 
as “a scientist of the midwest to make meritorious con- 
tributions to the advancement of chemical research or 
pure or applied chemistry.”” The others are: Drs. 
Gerty T. and Carl F. Cori, Professor Paul L. Day, 
Professor William S. Halderman, Dr. Henry Gilman, 
Professor Roger Adams, and Professor Ralph Hixon. 
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CHEMISTRY’ 


To many of us coming into recent contact with grad- 
uating college chemistry students and with beginning 
graduate students, it has become apparent that training 
in inorganic chemistry is often “fractionated” in a 
somewhat disturbing manner. There is a first short 
brush with inorganic chemistry as part of beginning 
general chemistry, but this contact has become pro- 
gressively shorter as such courses become ‘‘modernized”’ 
into miniature physical and structural chemistry 
courses. Then, much later, if the student carries out 
graduate study, he is sometimes exposed to an advanced 
course in which the structures of a number of inorganic 
compounds are discussed in detail from’ the modern 
point of view, together with detailed and rigorous de- 
scriptions of the newer methods of structural investiga- 
tion, but with little emphasis on reactions. In short, 
students are learning more and more about what 
inorganic substances are but less and less about what 
they do. 

Well-trained students are justifiably expected to have 
some proficiency in elementary organic chemistry; 
they should be able to devise reasonable synthetic 
methods, to predict reactions of simple organic com- 
pounds, to name compounds properly, and to interpret 
organic analytical data; and they should know some- 
thing of stereochemistry. All too often, however, the 
corresponding ‘“know-hows” in the field of inorganic 
chemistry are absent. A student who knows how 
chromyl] chloride will react with a-methylnaphthalene 
will be unable to guess how chromyl chloride reacts 
with the much more common reagent, water. He can 
perhaps suggest a synthesis of benzyl alcohol using 
lithium aluminum hydride, but he will often be unable 
to make lithium aluminum hydride. The better 
students know how selenium dioxide reacts with 
cyclohexanone and how titanium(III) chloride reacts 
with azobenzene, but generally they are at a loss to 
predict how selenium dioxide reacts with hydriodic acid 
or how titanium(III) chloride reacts with nitric acid. 

Even after an advanced inorganic course, there are 
apt to be disturbing gaps in students’ knowledge. 
Many can write the resonance forms for hydrazoic acid 


1 Presented at the Meeting-in-Miniature of the Metropolitan 
} Long Island Subsection of the American Chemical Society, 
February 25, 1955. 


AN INTERMEDIATE COURSE IN INORGANIC 


The Case for Reactions, Syntheses, and 
Exercises 


EDWIN S. GOULD 


Polytechnic Institute of Brooklyn, 
Brooklyn, New York 


and discard the form with “‘unfavorable distribution of 
formal charge,’’ but few know how to synthesize this 
compound or how the compound reacts with hydrogen 
sulfide. Many can predict the dipole moment of 
boron(III) fluoride, but few can guess correctly how it 
will react with hydrazine. Some can calculate the 
molar paramagnetic susceptibility of K,Fe(CN)., but 
few can devise a synthesis of this compound from Fe;Ox. 

In an attempt to close this type of “inorganic gap,” 
a number of schools now offer “intermediate” or “ad- 
vanced” inorganic courses to juniors or seniors. 
Ideally, such a course should present some of the modern 
theoretical ideas :.¢ a level low enough to enable students 
having only a moderately good background in college 
mathematics and physics to appreciate the appli- 
cability and limitations of the more recent concepts. 
Obviously, a student graduating in chemistry today 
should know something about atomic energy levels, 
newer acid-base interpretations, bond energies, elec- 
tronegativities, bond lengths and interbond angles, 
dipole moments, magnetochemistry, molecular spectra, 
X-ray crystallography, and nuelear reactions. How- 
ever, each of these topics is likely to receive more de- 
tailed treatment in other courses, and it might well be 
argued that the chief function of the intermediate 
inorganic course is to extend and strengthen the 
student’s knowledge of reaction chemistry, using recent 
interpretations where feasible. 

In the experience of this author, one of the best 
teaching tools for such a course is a set of challenging 
(but reasonable) exercises, for one often learns more 
by “puzzling out” a problem for himself than he learns 
by reading a textbook or listening to a most lucid 


lecturer. One of the simplest types of exercise is 
“the arrangement of items in order” with respect to 
some property: 


@ Arrange the following oxides in order of increasing acidity: 
As,O;, B.O;, BaO, BeO, FeO, N2O;, P20s, P.0;, Cl.0;. 

(2) Arrange these hydrides in order of increasing thermal 
stability: HBr, HF, NaH, H.O, H2Se, CaH:, 
SrH2, BiHs. 

(3) Arrange the following in order of decreasing polarizability: 
A, Bet+, Br-, Cl-, Lit, Se-*. 


The important ability to predict the course of 
reactions is also developed by suitable exercises: 


23 


2 


24 


(4) Predict the products in each of the following cases: 

(a) FeS is treated with aqua regia. 

(b) Solutions containing the ions Ag(CN).~ 
Co(CN are mixed. 

(c) Calcium carbonate and mercuric fluoride are added 
to water. 

(d) Cadmium chromate 
hydriodic acid. 

(e) Boric oxide as added to aqueous K2MnQ,. 

(f) Aqueous Hg(Mn0O,)2 is treated with excess phos- 
phorous acid. 

(g) The compound NO.FSO; is added to water. 


and 


is treated with aqueous 


Familiarity with reaction chemistry also may arise 
from exercises in inorganic synthesis: 


(5) Devise methods for the foilowing syntheses: 
(a) Cul from CuS 
(b) NaBH, from borax 
(c) (NH,).Cr20; from Cr,0; 
(d) NaS.O; from 
(e) AlS; from Al(NOs;)3-9H,O 
(f) Anhydrous ZnI, from ZnS 
(g) Pb(NO;). from PbSO, 


Students should also have some appreciation of 
factors contributing to color in inorganic substances: 


(6) Predict which of the following would be visibly colored: 


ZrOt+ KO, Sil, 
Pb;O, 
KCu.Ck Ag.F IBr 
Cu(CN ).~ 


Some attention should be given to nomenclature: 


(7) Give unambiguous systematic names for the following: 
(a) Mn(CN), 
(b) AgSO,; 
(c) NH,CIO, 
(d) H,P205 
(e) (VO2)2B,O; 
(f) K;Mn(CN )¢ 


Stereochemistry easily lends itself to exercises: 


(8) Sketch the possible stereoisomers of the following: 
(a) (NH;)(NO2)PtBrCl- 

(b) Co(NH;)3Cls 

(c) Cr(en)(C20,4)* 

(d) Co(CN )(N Hs )2(NOz)2~ 
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Students enjoy working ‘‘compound A” problems, a 


.type already extensively used in organic courses: 


(9) Identify the lettered species in the following series of 
reactions: 

Compound A is a black solid; it is insoluble in water, dilute 
acetic acid, and sodium hydroxide solution, but dissolves readily 
in hot HCl, yielding a green solution, B. If solution B is boiled 
with copper wire, it becomes black, (solution C); but on con- 
tinued heating the black color disappears, yielding an almost 
colorless solution, D. 

If D is diluted with a large volume of water, a white precipitate, 
E, forms. E dissolves in ammonia solution to give a colorless 
solution, F. F rapidly turns blue when exposed to air, (solution 
G). Addition of KCN to solution G discharges the blue color, 
giving solution H. 

Treatment of H with zinc powder gives a red-brown precipitate, 
I, insoluble in dilute acids and bases, but soluble in warm nitric 
acid to give a blue solution, J. Careful treatment of J with 
sodium hydroxide solution yields a blue, jelly-like precipitate, K. 
If K is filtered off and heated vigorously, the original compound, 
A, is formed. 

(10) Identify the lettered compounds: 

Compound A is a white solid, dissolving in water to yield an 
acid solution. The neutralization equivalent of compound A 
is 75.4. A leaves a white residue on ignition. 

If A is treated with excess NaOH solution, solution B results. 
When a portion of solution B is treated with FeSO, and H.SO,, 
it turns decidedly brown. 

A second portion of solution B is heated with NH,Cl solution, 
yielding a white precipitate, D, nitrogen gas, and ammonia. 
Precipitate D is soluble in HCl but does not react with H.S. 

A third portion of solution B is treated with acid permanganate 
solution. Upon boiling, there is liberated a red-brown vapor, 
soluble in CCl,. This vapor, Z, dissolves ix dilute NaOH to give 
a colorless solution. 


Of the two problems above, (9), for which compound 
A is CuO, is quite simple, whereas (10), for which 
compound A is NO+AI]Br,-, is more difficult. 

Clearly, the variety of such exercises is limited only 
by the ingenuity of the instructor (and the time at his 
disposal). Certainly an excellent course can be given 
without the use of any such exercises, but a course is 
generally enriched when the students are prodded into 
applying what they think they understand and when 
more is required of them than the assimilation of 
lecture and text material. 


the direction of research. : 


made in the late spring. 


NORRIS AWARD TO BE MADE ANNUALLY 


TueE Committee on the Norris Award, Northeastern Section, American Chemical Society, wishes to 
announce that by 1956 the Norris Award will be on an annual basis. 

The James Flack Norris Award shall be made for outstanding achievement in the teaching of 
chemistry, particularly when demonstrated at the college or secondary-school level rather than in 


Nominations for this Award should be sent to Professor Avery A. Ashdown, Massachusetts Insti- 
tute of Technology, Cambridge 39, Massachusetts. There is no deadline. The Award is usually 
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Axy valence-bond or molecular-orbital treatment of a 
molecule requires an at least approximate knowledge 
of relative values of the binding energy associated with 
electrons in various atomic orbitals which are, or may 
be, involved in formation of bonds. This is particu- 
larly true because, according to the valence-bond 
method, electrons being paired must not have too 
widely differing energies.? Similarly, effective inter- 
action to form a molecular orbital is possible only for 
atomic orbitals of reasonably close energies.* In spite 
of their importance, quantitative data of such energy 
values are not commonly available in tabular form. 
Further, although these qualitative requirements are 
well known, quantitative statements concerning the 
maximum energy differences which still permit bond 
formation are rarely encountered. The purpose of 
this paper is to point out that the evaluation of these 
energy quantities can be achieved very simply and can 
readily be assigned to graduate students as a problem 
in a first course in valence phenomena. Such exercises 
should give the student a feeling for the magnitudes of 
the energies involved in valence phenomena and should 
permit him to come to rough conclusions about the 
polarity of bonds. The data obtained in such calcula- 
tions also provide estimates of promotion energies, 
1.e., of the energies required to promote an electron from 
one orbital to a higher one in order to permit an in- 
creased covalence (e. g., the promotion of a carbon 2s 
electron to a 2p orbital, which is necessary to permit the 
tetravalency). Finally, the calculations illustrate the 
crudeness of the approximations made whenever we 
deal with one-electron wave functions. 

The method of evaluation consists of using spectro- 
scopic term values‘ in the estimation of the energy 
required to remove a given electron from its orbital 
on an atom to an infinite distance from the nucleus, 
1.e., the various ionization potentials of the atom in the 
ound state and in certain excited states. Then, 


‘Supported in part by a grant from the National Science 
Foundation. 

*Counson, C. A., ‘Valence,’ Oxford University Press, Lon- 
don, 1952, Chap. V. 

[bid., Chap. IV. 

Moors, C. E., “Tables of Atomic Energy Levels,’ National 
Sureau of Standards Circular No. 467, U. S. Government Print- 
ng Office, Washington, D. C., 1952. 
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THE ENERGIES OF ELECTRONS IN ATOMS’ 


An Exercise for Students in a Valence 
Theory Course 


HANS H. JAFFE 


University of Cincinnati, Cincinnati, Ohio 


obviously, the difference in energy between two elec- 
tronic states is needed. One of these states (state I) 
is a state of the neutral atom; we shall generally choose 
a state so that all electrons are in the lowest possible 
orbitals. The other state (state IT) is a state of the singly 
charged ion derived from state I by removal of the 
specific electron the energy of which is desired. In 
zinc, for example, the following differences give, ap- 
proximately, the energies of the electrons indicated. 

3s: Zn(K,L,M,4s?; 1S.) — (1) 


3p: Zn(K,L,M,4s?; 'S)) — Zn *Ps/,) (2) 
3d: Zn(K,L,M,4s?; — 2)s/,) (3) 


4s: Zn(K,L,M,4s?; — Zn*(K,L,M,4s; 3281/2) (4) 
4p: Zn(K,L,M,4s,4p; *Po) — Zn*(K,L,M,4s8; (5) 
4d: Zn( K,L,M,4s,4d; 'D.) — Zn*(K,L,M,4s; (6) 
5s: Zn( K,L,M,4s,5s; — Zn*+(K,L,M,4s; 2S1/;) (7) 


Equation (4) represents the normal ionization po- 
tential of zinc, which is well known to amount to 9.39 
e.-v.4. Equations (1-3) represent the energies re- 
quired to remove various inner-shell electrons from the 
normal zine atom, 7. e., higher ionization potentials, 
and equations (5-7) correspond to the ionization 
potentials of various singly excited states of zinc. 

The calculations can readily be performed as follows: 
the energy difference in equation (3), for example, can 
be expressed as the sum of the energy difference «in 
equation (4) (7. e., the normal ionization potential of 
zinc) and the energy difference: 


Zn+(K,L,M 4s; — (8) 


which corresponds to an electronic excitation of the 
ground state of the singly ionized zine atom (Zn IJ in 
spectroscopic notation), and amounts to 62721.9 em.—!. 
The latter value can be converted to e.-v. by the equiv- 
alence one cm.~! = 0.00012395 e.-v.*, and the result 
can finally, if desired, be converted to keal./mole by 
the equivalence one e.-v./molecule = 23.06 kcal./- 
mole. Thus the energy difference of equation (3) 
becomes 9.36 + 7.77 e.-v. = 395.0 keal./mole. 

Similarly, the energy difference in equation (5) 
can be expressed as the difference of the energies of 
equation (4) and: 


Zn(K,L,M,4s*; '\So) — Zn(K,L,M,4s,4p; *Po) (9) 


Equation (9) corresponds to a single electronic ex- 
citation of a normal zine atom (Zn I) to a level 32311.3 


q 
Le 
| 


em.~! = 4.00 e.-v. above the ground state. Thus the 


energy difference in equation (5) becomes: 


9.36 — 4.00 e.-v. = 5.36 e.-v. = 123.6 keal./mole. (10) 


Several difficulties arise and should aid in giving the 
student an understanding of the uncertainties involved 
in assigning energy values to a single electron in a com- 
plex atom. 

(1) Many electronic configurations give rise to 
several spectroscopic (stationary) states differing in 
multiplicity (total spin quantum number S), orbital 
angular momentum quantum number (ZL), and total 
angular momentum quantum number (J). As a first 
approximation it is proposed to use, for each electronic 
configuration, the state of lowest energy; for zinc, the 
states so chosen are indicated by the spectroscopic 
term symbols given in equations (1-7). The student 
must realize that this simple arbitrary convention 
represents a crude approximation. 

(2) There is a certain arbitrariness in the choice of 
states I and II. In equations (1-7) we have chosen 
to remove an electron from a state in which all other 
electrons are in the lowest possible levels. Although 
this is an arbitrary choice, it appears to be the most 
reasonable one that can be made. Other choices, 
however, are possible; for example, for the 4p level 
in zine, equation (5) might be replaced by: 


4p: — 


4p: Zn(K,L,M,4p?; 72) (12) 


or by any other similar pair. Owing to differences in 
shielding, the energies so obtained for the 4p level 
differ, being 5.36 e.-v. for equation (5), 6.05 e.-v. 
for equation (11), and 5.46 e.-v. for equation (12). 
These differences would not affect the qualitative 
conclusions, but they do show that the desired quan- 
tities cannot be determined exactly. 

(3) Another difficulty with the calculations pro- 
posed, which, however, does not become clear to the 


Some Atomic Energy Levels (in e.-v.) 


Ele- 

ment (n — 1)s (n—1)p ns np nd (n+1)s 
He 24.6 4.77 
Li 64.4 ee 5.39 3.54 re 2.02 
Be me 9.32 6.60 aah 2.87 
B 12.9 8.30 “Sa 
C 284° 16.6 11.3 3.77 
N 400° 20.4 14.5 4 22 
O 531° dane 28.4 13.6 4.47 
F 37.8 17.4 4.73 
Na 38.0 5.14 3.04 1.52 1.95 
Mg 62.8° 49.8? 7.64 4.94 1.89 2.54 
Al 86.9° 72.9 10.6 5.98 1.96 2.84 
Si 98? 13.6 8.15 2.54 3.23 
P 128° 17.5 11.0 2.25 4.04 
S 162° 20.2 10.4 1.94 3.83 
Cl 201° 24.6 13.0 4.09 


© Normal ionization potentials are given in bold face. 
> From X-ray spectra. 
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student unless called to his attention, arises from thi ! hes 
. fact that the spectroscopic term values refer to gaseous 2 ©% 
atoms. Little is known concerning corrections re ybri 
quired to relate term values to condensed phases, al - 


though it seems unlikely that qualitative conclusion 
would be seriously affected. 
(4) Finally, the student should be led to realize that 
the spectroscopic energy values are not actually the en- 
ergy values directly required in theories of valence’ 
What is required are differences between valence states, 
t. é., states in which each electron has known angular 
momentum, but with the relations between the spins d 
the several electrons unknown. Although valence-state 
energies can be calculated, such calculations are tov 
difficult to be assigned as student exercises at this level. 
Energy values for many excited ionic states (e. g, 
states I in equation (1) and (2)) involved in the evalua: 
tion of inner electrons are not available from spectro 
scopic data. In these cases recourse must be made ty 
X-ray spectra for the desired information. Unfor- 
tunately no tabulation of term values derived from 
X-ray spectra seems to be available. Some data can 
be obtained from the tabulations of the spectra them- 
selves, particularly from the absorption limits,® or can 
be estimated by use of interpolation formulas.*® 
Promotion energies follow, in the first approximation, 
directly from the data obtained in these calculations 
Thus, the energy required to promote a 4s electron of 
zine to a 4p level would be the difference between the 
energies of these two levels, 7. e., 9.39 — 5.36 e.-v. = 
4.03 e.-v. = 92.9 kcai./mole. | 
The table illustrates the type of data which can be 
obtained by the method outlined; the energies of some 
of the orbitals of the valence shell (principal quantum 
number n) and of the next higher and next lower shells 
are given for the elements for which n = 1, 2, or 3. 
The data show immediately that electrons placed into 
(n + 1) orbitals, into nd orbita:s, and into higher-lying 
orbitals would be quite loosely bound, and hence these 
orbitals are not normally involved in valence phenon- 
ena. Electrons in (n — 1)s and (n — 1)p orbitals, on 
the other hand, are extremely tightly bound. For 
these reasons orbitals outside the valence shell (except 
(n — 1)d orbitals) can safely be neglected when dealing 
with bond formation. The large difference of the er- 
ergies of the 2s orbital of lithium and the 2p orbital of 
fluorine (5.39 and 17.4 e.-v., respectively) indicates 
why a lithium-fluorine bond should be so predominantly 
ionic. The difference between a 2p orbital of carbon 
and a 2p orbital of fluorine is much smaller (11.3 and 
17.4 e.-v., respectively) and leads to a much greater! 
covalent character in the carbon-fluorine bond. From 
the data given it is seen that the 1s orbital of hydrogen 
and the 2p orbital of oxygen have the same energy. 
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5 SrecBauN, M., “Spectroskopie der Roentgenstrahlen,” 2nd 
ed., Springer Verlag, Leipzig, 1931. Y.Caucnotis anp H. Hur- 
uUBEI, “Longueur d’onde des émissions X et des discontinuités 
d’absorptions X,’’ Hermann and Cie, Paris, 1947. 
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The slight polarity of the O—H bond arises from the use 
in oxygen, not of a pure p orbital, but of some sp 


rom. the 


aseouy 
a 7 hybrid orbital which will have an energy somewhere 
ases, al between those of the pure 2p and 2s orbitals. 


The data in the table show that promotion of a 2s 
electron in carbon to a 2p orbital requires about 120 
keal./mole. This energy is more than offset, not 
only by the formation of two additional bonds permitted 
after promotion, but also by strengthening of the two 
bonds permitted before promotion; hence, carbon 
atoms in chemical compounds are generally found in a 
state in which one 2s electron has been promoted. 
However, some otherwise plausible promotions are 
energetically much less favorable and are consequently 


clusions 
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Lis level tarely encountered. Should sulfur or phosphorus wish 
8 (e. 0, to form six or five covalent bonds, respectively, it 


would be necessary to promote a 2s and a 2p electron 
of sulfur or a 2s electron of phosphorus to a 3d orbital. 
These promotions would require about 18, 8, and 15 
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e.-v., t. e., about 400, 180, and 350 kcal./mole. It is 
not surprising to find that energy gains from additional 
bonds permitted by such promotion amounting to 
almost 600 kcal. for sulfur, and 350 keal. for phos- 
phorus are only rarely encountered, and then only under 
very special circumstances. This holds particularly 
for the case of sulfur. 

From the data presented in the table and from our 
knowledge of chemical compounds we may conclude 
that the orbitals appreciably involved in valence phe- 
nomena have energies in the range from 5 to 18 e.-v.; 
it appears likely that this range would be appreciably 
narrowed down if allowance were made for hybridiza- 
tion where it occurs. We can also conclude that or- 
bitals (or electrons) the energies of which differ by 
more than a factor of two probably do not combine 
effectively in bond formation. Again this factor 
would probably be reduced appreciably if hybridization 
were taken into account. 
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Tue ever increasing amount of literature being 
published in all branches of science—far more than the 
individual scientist can hope to skim, much less to 
read—has focused more and more attention on the role 
and importance of the abstract, and has emphasized 
the need for study of the numerous problems connected 
with all phases of abstracting. Among the most ob- 
vious of these problems are what should be abstracted, 
who should prepare the abstracts, and what they 
should contain. 

According to E. J. Crane (/), an abstract is some- 
thing that comprises or concentrates in itself the es- 
sential qualities of a larger thing or of severa) things. 
Wood (2) states that “an abstract should therefore be a 
concise but comprehensive summary of the significant 
contributions to knowledge contained in a report.” 


' Presented before the Division of Chemical Literature at the 
122nd Meeting of the American Chemical Society, Atlantic City, 
September, 1952. 


of Liv Publication authorized by the Director, U. 8. Geological 
930, Survey. 


CONTENT OF ABSTRACTS 


ACCORDING TO USE’ 


MICHAEL FLEISCHER 
and MARJORIE HOOKER 


U. S. Geological Survey, Washington, D. C. 


Other definitions are fairly similar. All agree that the 
essential ingredient of an abstract is information. 
Briefly stated, this information should answer the 
five questions: Who? Where? When? What? Why? 
The first three present no particular perplexities; 
the main point is accuracy of citation. But examina- 
tion of abstract journals shows a great variation in the 
treatment of what and why. It is our purpose in this 
paper to consider how the content of an abstract should 
vary with and be influenced by the scope and character 
of the abstract journal and by the training, experience, 
occupations, and interests of its users. 

There are two distinct types of abstract, although in 
actual] preparation and form they grade into each other. 
One type is the indicative abstract or annotation. It 
may be only an elaborated or extended title, or it may 
describe the scope of an article and its significant con- 
clusions. The other type is the informative abstract; 
this does much more than indicate what information is 
given; it gives the information itself. There have been 
many discussions on the relative value of indicative and 


| 


informative abstracts, and a recent study of physics 
abstracting by Gray (3) showed considerable diversity 
of opinion. A similar lack of agreement is shown by 
the comments that are scattered through the published 
proceedings of the Royal Society Scientific Information 
Conference (4). Even an indicative abstract, though 
it does not give as much information as an informative 
abstract, is certainly useful. 

Confronted with a title like ‘(Research at the cross- 
roads,’”’ who would not wish to get some idea of its 
content? But with either type of abstract, it is still 
true that the content will vary according to the end 
use. 

Many abstract journals are intended to cover single 
fields, like chemistry, physics, or geology. No one 
field of science, however, can be absolutely set apart 
from the others and when an editor has to decide where 
to draw the boundaries of the field of interest of his 
journal, many problems appear. Writers of scientific 
papers have as little regard for the boundaries between 
specific fields as mineral occurrences have for political 
boundaries. That is as it should be. For example, no 
one would advocate that an author who presents new 
chemical data should be required to publish his discus- 
sion of the geological implications in a separate article 
just to keep the fields separate. The editor may also 
be influenced in establishing policy by the number of 
users of his journal from the borderline fields. This 
number can be both a cause and a result. If mineral- 
ogists find many of the abstracts they want in a chem- 
ical abstract journal, more of them will tend to use 
it. Conversely, if it is known that mineralogists are 
using the journal, the editor will tend to include as 
much in their field as possible. The editor, therefore, 
is very likely to include material extending into several 
borderline fields. Evidence in support of this course 
appears in Gray’s report (3). 

Once the editor has settled on the scope of his ab- 
stract journal (and we doubt that he would be fool- 
hardy enough to give a very definite answer as to 
where he has drawn the line) he still must establish a 
policy as to how much information will be included in 
the abstracts. The major factor in the editor’s de- 
cisions should be end use. In the single-field abstract 
journal, whether its abstracts are of the annotative or 
informative type, material is being presented to a 
group of specialists in one particular field, though some 
of it may be of interest to workers in closely related 
fields. What information and how much depends on 
the needs and interests of the scientists in both the 
main and the bordering fields. 

Abstracts for a single-field journal should either 
indicate or summarize all the factual data given in the 
paper that Jie within a particular field and should omit 
data clearly outside that field. The material in the 
abstracts will remain as specialized as in the original 
paper; there is no need to explain, interpret, or sim- 
plify. The point of the abstract is to extract the meat, 
not to convert it. This means also that ideally the 
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length of the abstracts will vary with the amount of 
In actual practice, 
‘however, an informative abstract may grade into an 
It is not feasible, for example, to list 


information given in the article. 


annotation. 
hundreds of localities or specimens; the abstract can 
merely indicate that they are described in the article. 
The terminology of the abstract can correspond with 


that of the article since these abstracts are written for 


other scientists in the same field. They are familiar 
with special terms, generic names, abbreviations, 
formulas, etc. 


The Bibliography and Index of Geology Exclusive of 


North America, published annually by the Geological 
Society of America, is a good example of a single-field 
abstract journal of annotated citations. The annota- 
tion is, generally, the briefest mention of who, where, 
when, what, and why that suffices to indicate scope. If, 
for example, an article with a brief nondescriptive title 
deals with the mineralogy of an area in France, the 
annotation might indicate the location and extent of 
the area, the type of mineralization, and what detailed 
mineral descriptions and economic data are given. If, 
on the other hand, a full descriptive title is given, the 
abstract might merely give a brief statement of the 
author’s conclusions. Such annotations fall within 
the carefully set scope of this journal and meet the 
space limitations imposed by cost. They are obviously 
prepared for geologists who are actively engaged in 
geologic research and familiar with the subject matter. 

Chemical Abstracts is an example of an abstract 
journal that contains informative abstracts covering a 
broad field with many borderJine phases. It is used 
chiefly by chemists but also by a large number of 
readers having various interests outside of chemistry. 
The pamphlet, ‘Directions for Assistant Editors and 
Abstractors of Chemical Abstracts,” states its policy 
succinctly (4): 


Since Chemical Abstracts is intended to be a complete and per- 
manent record of all chemical work it is very important that 
abstracts should contain or make specific reference to all the informa- 
tion in articles that is suitable for index entries. This would include 
every measurement, observation, method, apparatus, suggestion, 
and theory that is presented as new and of value in itself. All 
new compounds and all elements, compounds, and other sub- 
stances for which new data are given should be entered in ab- 
stracts. . . . Authors’ conclusions from their work should be re- 
ported in abstracts. . . . Abstracts should be informational rather 
than descriptive whenever this is possible within reasonable space 
limits. 

This ideal is not attained in actual practice, and 
Chemical Abstracts, along wiih other journals that aim 
for completely informational abstracts, publishes many 
indicative ones as well. This ‘s largely because some 
compromise is necessary, especilly in covering border- 
line fields, and the journal prefers publishing a brief 
indicative abstract to publishing no abstract at all. 
The abstract of a chemical paper in Chemical Ab- 
stracts, where it will be used and consulted primarily by 
chemists, should be a precise and detailed summary of 
the facts. Other considerations, such as cost, space, 
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he language and availability of the original paper, and 
ndexing requirements may modify the length or style 
put will not substantially change the material in the 
abstract. 

End use is not so definite a matter for abstracts of 
articles dealing with more than one field or with border- 
ine fields. Recognition of this fact is important in 
defining the scope of an abstract. This may be il- 
ustrated by problems arising in the section of Mineral- 
gical and Geological Chemistry in Chemical Abstracts. 

is section is read by 10.3 per cent of the 22,000 sub- 
scribers to Chemical Abstracts (6). 

Because both space and money are at a premium, it 
is necessary to restrict the abstracts in this section to 
hose geological articles all or part of which have real 
‘hemical interest. The geologist uses Chemical Ab- 
stracts accordingly. Generally, therefore, the ab- 
tracts should contain information from the chemical 
part of the paper, and a brief indicative statement 
about the remainder. The following abstract of an 
imaginary paper illustrates this point: 


The Jurassic stratigraphy of southeastern Alabama. Hugh 
Lightly Pick and O. Y. Hammer. J. Southeastern Geol., 3, 65- 
191 (1955).—The stratigraphy, structure, tectonics, and petrog- 
aphy are described in detail, with 14 chem. analyses of lime- 
stones, whose Mg content increases from south to north in the 
area, 


bviously this abstract would be completely un- 
satisfactory to a stratigrapher, but it is not written for 
those interested in stratigraphy and structure. They 
must Jook in an abstract journal that aims to answer 
their needs. This accounts for the well known situa- 
ion in which some papers are abstracted by a variety 
of journals, each with a different emphasis. 

In a class by themselves are abstracting activities 
rganized for a purpose so specific that their boundaries 
can be defined with precision. Among such projects 
would be those carried on by certain government 
agencies, by trade associations, and by industrial con- 
cerns. Usually the scope of such projects is narrow 
compared with that of Chemical Abstracts. A large 
amount of searching and an equally large amount of 
selection and discard are generally required to obtain 
the precise information desired. 

In 1949, a Snow, Ice, and Permafrost Research Es- 
ablishment (SIPRE) was created by the Chief of 
Engineers, U.S. Army. A program of library research 
is being pursued that includes the preparation of an 
wnnotated bibliography on snow, ice, frozen ground, 
and allied subjects, for the use of the SIPRE staff. 
From SIPRE Report 12 we quote (7): 


The abstracts are intended to be informative rather than de- 
scriptive. An attempt has been made to digest and summarize 
the articles rather than to present merely a brief indicative state- 
nent of content. Sufficient factual information is included in 
the abstract to enable the investigator to evaluate the article with 
reference to his own work. 


These abstracts, therefore, cover definite subject 


matter, and are pointed to specific users who in turn 
have the privilege of designating what they require in 
the abstracts. The end use is clearly and concisely 
defined. Considerations such as the length of the ab- 
stract, time required for preparation, and promptness 
of abstracting after publication are secondary. 

The abstracting service maintained by many private 
companies in connection with their research activities 
may consist of abstracting the company’s own reports 
in order to provide better coordination of the work of 
various departments and quicker access to a wide 
variety of data. It may also involve keeping abreast 
of current published literature on subjects of interest to 
the company. In either case, the type of subject 
matter to be included in the abstracts and the in- 
dividuals for whom the abstracts are intended are pre- 
cisely predetermined. The abstracting activities of 
the Texas Company described by Stork and Cousins 
(8) furnish a typical example. The company main- 
tains a separate department at Beacon, New York, to 
make, classify, reproduce, and distribute abstracts of 
the research reports from its four laboratories. Since 
the abstracting is centered in one department and is 
done by people expert in such work, rather than by the 
research people who write the original reports, the 
abstracts are more usable in a standardized form. 

So far we have considered the abstract journal 
dealing with a specific scientific field and its borderline 
relatives, and used mainly by scientists working in 
those fields. The problems confronting the editor of an 
abstract journal dealing with many and varied fields 
are far more complex. Diversity of subject matter 
obviously makes it hard to decide on the scope of the 
journal. Compared with the journal dealing with a 
single field, the choice of material for the multiple- 
field journal is more flexible. It depends less on the 
subject matter and more on what the users want. 

The annotated Arctic Bibliography, covering all 
phases of Arctic research, is an excellent example of a 
multiple-field journal. The first three volumes of this 
bibliography, issued in 1953, covered the period 1800- 
1950; since then, annual supplements have been issued. 
In subject matter the range is broad; it includes 
geography, geology, meteorology, oceanography, bot- 
any, zoology, anthropology, medicine, government, 


general exploration, and many smaller fields of in- 


terest (9). 

The abstracts are annotative, but they indicate the 
scope of each paper in as much detail as possible, with 
particular emphasis on geography. For this reason 
some of the annotations may be lengthy, particularly 
those of reports of exploratory expeditions. Other 
examples of multiple-field journals that contain in- 
formative rather than indicative abstracts are Ceramic 
Abstracts of the American Ceramic Society, Building 
Science Abstracts of the Building Research Board of 
Great Britain, and the Journal of the Society of Glass 
Technology. These journals cover not only several 
fields of science but also material pertaining to in- 
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dustrial arts and trade. The scope of the abstracts in 
these publications is even more of a problem and more 
important than the scope of the multiple-field journal. 
The users represent a wide variety of backgrounds. 
Ceramic Abstracts, for example, is presumably consulted 
by chemists, mineralogists, architects, designers, shop 
foremen, and even salesmen. The abstract of an 
article that may be of interest to any of these people 
must be so worded and constructed as to be useful to 
all of them. 

This can be done, for instance, by using a minimum 
of chemical formulas and terms which will not make an 
abstract less useful to the chemist but will make it more 
useful to the nonchemist. The same holds true for 
other specialized terminology. Abbreviations, also, 
should be used as little as possible. To specialists 
certain terms are so universally understood that their 
abbreviation creates no difficulties, but to anyone out- 
side the field they can be confusing and ambiguous in 
meaning. C. A. means Chemical Abstracts to the 
chemist, Ceramic Abstracts to the ceramist, and it is 
also the accepted abbreviation for Central America. 
An abstract stating: ‘Analysis of feldspar showed a 
composition AbgsAnwO0r,’’ makes sense to a mineralo- 
gist, but not to most chemists. As a rule, the broader 
the scope of an abstract journal and the more varied 
the backgrounds of its users, the less technical should 
be the terminology used, and the more general the 
information in the abstracts. 

The following three abstracts of a single article show 
the difference in content according to end use. The 
one for Mineralogical Abstracts includes the names of 
the minerals but generalizes the chemical data; the 
one for Ceramic Absiracts even omits the names of the 
minerals; the one in Chemical Abstracts gives more 
detailed and specific chemical data. The examples 
chosen are for the article entitled, “Clay minerals of 
the montmorillonite group: their mineral and chemi- 
cal relationships and the factors controlling base ex- 
change,” by Ross and Hendricks published in the 
Proceedings of the Soil Science Society of America, 
Volume 6, pp. 58-62, 1942. 


Mineralogical Abstracts: 9, 79 (1944). 


A discussion of the chemical formulae of montmorillonite, 
beidellite, saponite, nontronite, and aluminian nontronite based 
upon chemical analyses of a hundred mineral specimens. Base- 
exchange can be due either to replacement of ions in octahedral 
co-ordination or to replacement of Si by Al. F. A. B. 


Ceramic Abstracts: 22, 182 (1943). 


The molecular structure of the montmorillonite clay minerals is 
discussed with the aim of explaining base-exchange properties. 
From the structure and from the chemical analyses of 100 speci- 
mens, definite formulas were given to many of the montmoril- 
lonite minerals. W.R. B. 


Chemical Abstracts: 36, 6449 (1942). 
Representative formulas for montmorillonite, beidellite, a clay 
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from Hector, Calif., saponite and 2 members of the nontroni 


Chemical Abstracts, the 18 salts are actually listed. 
Ceramic Abstracts: 21, 110 (1942). 


Hydrolysis of salts in solution. H. F. Brown and J. A. Crap 
ston. J. Chem. Soc. (London), 1940, 578. An apparatus for the 
preparation of solutions and the measurement of their pH value: 
using a glass electrode without exposure to the atmosphere i: 
described. Atmospheric contamination must be guarded against 
when the pH is less than two units removed from 7. A table of 
pH values obtained by interpolation at selected dilutions is giver 
for 18 common salts in water. R. A. G. 


Chemical Abstracts: 34, 5727 (1940). 


Hydrolysis of salts in solution. H. F. Brown and J. A 
Cranston. J. Chem. Soc., 1940, 578-83; cf. C. A. 31, 3765'.— 
The pH values of solns. of NaOAc, ZnSO,, NaHCO;, KCI, NH,Cl, 
NH,N' Os, (NH,)2SO,, Na2C.0,, K.Cr.O;, BeSO,, NaHSs0,, 
Al(SO,)s, Pb(NOs3)2, CuSO,, CdSO,, NH,OAc, and KCN were 
detd. at room temp. (about 16°) at conens. of 10-1000 1. per mol. 
The first 8 salts were used in CO.-free water. Comparison of the 
results for NaOAc and ZnSO, obtained without precautions to 
avoid atm. contamination with the results with CO,-free solns. 


shows the importance of precautions if the pH value is within 2 or 


3 units of 7. A. Fleischer 


One of the most important problems that confront 


an editor of any abstract journal is the choice of ab- 


stractors. The most essential prerequisite for an ab- 
stractor, of course, is knowledge of the subject and 
familiarity with current developments in the field. 
He should also have a good understanding of the 
policies of the journal. An abstractor’s awareness of 
the end use will directly affect the content of his ab- 
stracts. His judgment is always the big factor cor- 
tributing to their success. Good abstracts are ad- 
justed to the level of knowledge of the users. Take, 


for instance, the abstract by I. K. Phelps in Chemica} 


Abstracts, 3, 3216 (1909) : 


Iron Chloride as a Ring Test for Acetoacetic Acid. WasskR- 
THAL. 
wechsels, 3, 369; through Biochem. Cenitr., 8, 250.—The test men“ 
tioned in the title is recommended. 


Poliklin. Prof. Strauss. Zentr. ges. Phys. Path. Stof- 
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series are derived from the analyses of 100 specimens of thM@pr; fro 
montmorillonite group of clay minerals. For examples: saponit(ifay w¢ 

is written 
Hrew tl 

Nao.3s 

Answ 
(Mgs)(Alo.ssSis.67 )O10( OH 58, 250- 

and montmorillonite -. 
Peor 
In these formulas the replaceable ion is placed above the iofgog yp 

whose presence occasions the valency deficiency which it bal- 

ances. In some members of the group, base exchange is a result oo 
of replacement of Si in tetrahedral coordination with respect to () efer on 
by Al, in others of replacements among ions having octahedral cofMA simil 
ordination. Several new analyses are given. J.R. Adams BAbstrac 
Another example of distinctive differences can beg! “UT 
seen in the following two abstracts of a single article. pearchi 
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ontroni 
ns of th 
saponite 


Dr; from Chemical Abstracts, 1, 1660 (1907), what to- 
Hay would probably be abstracted simply as “‘Polemic”’ 
Hrew this much more precise statement: 


Answer to H. C. Jones. Bittz. Z. physik. Chem., 
58, 250-252.—A reply by Biltz to Jones’ reply to Biltz’ reply to 
ones. (See C. A., 1907, 389.) G. N. Lewis 


People use abstracts either as current reading mate- 
ial or as a guide to the past literature. The data ob- 
ained by Gray (3) showed that 22 per cent of the 
1628 responding physicists used abstracts of physics 
papers as current material, 30 per cent used them for 
eference, and 48 per cent used them for both purposes. 

similar survey made in 1950 of 6840 users of Chemica! 
Abstracts showed that 62.1 per cent used the abstracts 
or current information, 15.7 per cent for retrospective 
searching, and 22 per cent for both purposes. Ab- 
stracts to be used for rapidly surveying the current 
iterature can be more general and perhaps briefer 
han abstracts to be used as guides to reference mate- 
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- ial. The literature is usually searched for specific 
data, and it is essential to have detailed information in 
A. Crangithe abstracts in order to limit the search to relevant 
1s for thegmaterial. Gray also found that only 6 per cent used 
H valueffabstracts as a substitute for original papers, whereas 
sphere if{§ per cent used them principally as reference guides, 
* tabled und the remaining 48 per cent used them in both ways. 
s is givagl! we can generalize somewhat on the basis of Gray’s 
_A.G. fStudy, it appears that the data in the abstract should be 
specific and detailed, because most users are likely to 
e searching for such information. 
id J. A§ Should abstracts include critical appraisal, supple- 
yt mentary information, or corrections of evident errors? 
Na HSO, We feel that errors that are obviously typographical 


or inadvertent should be unobtrusively corrected. If 
per molfthey are not, they are often needlessly perpetuated to 
on of theverybody’s confusion. Most common of these errors 
utions ‘Hare misspellings. The librarian’s practice of adding 
‘thin 2ogthe correct spelling and an exclamation mark in 
eischer §>rackets is cumbersome. More recent practice tends 
to correct the small errors simply but only after it is 


CN were 


re: absolutely certain that they are errors. More than 
= one editor has changed sulfite to sulfate or sulfide 


without first making sure which one the author meant. 
Critical comments or evaluation and supplementary 
related data can be extremely valuable to the user, but 
the matter of including such is a ticklish one unless the 
abstractor has the technical competence to be sure of 
his ground. If such material is included it should be 
clearly separated from the main part of the abstract 
and should be fairly brief. Many feel, however, that 
if critical comments are included, the author should 
ave an opportunity to answer them before publica- 
tion. This procedure plays havoc with promptness of 
Wasser@Publication, particularly if authors are out of reach. 
th. Stof#Criticism or evaluation that is lengthy should be 
est me"Ereserved for its more rightful place in review articles. 
There is also the danger that the abstractor may forget 
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31 
that his main job is to furnish information. Contrast 
the following abstracts of a single article. The first is 


from Chemical Abstracts, 33, 4539°, (1939): 


Origin of color in some inorganic salts. Josef Hoffmann. 
Chem. Erde, 12, 208-220 (1939). The changes in color of CuSO, 
with the degree of hydration are assocd. with the degree of 
ionization; the very stable hydrate with 1H20O is best formulated 
Cu-OH-HSO,. A salt which was said to have been found in an 
old telegraph battery, but which more probably really originated 
in a bath for cleaning brass and Ni alloys, is described in detail; 
analysis gave its compn. as Cu(NH;)2SO,NiSO,-7H,2O with a 
trace of Cu(NH;),8O,. The reasons for the color changes in 
CuCl caused by light are discussed. The effects of irradiation 
with and y-rays from Ra on K.SO,, Na;PO,, NasHPO,, Na 
borates, tincal, sodalite, and noselite are described, and mecha- 
nisms to explain the changes connected with their structures are 
suggested. 


The second abstract of this same paper is from 
Neues Jahrb. Mineral. Geol. u. Paldontol., 1940, Ref. 
I, p. 118: 


Recht unexakte und unsystematische Beobachtungen geben 
Verf. Anlass zu ebenso unklaren wie unzulanglichen Ansichten 
uber die Farbungsursachen einiger ionogen gefarbter Mineral- 
salzen. 


A reader of the original article may be inclined to 
sympathize with the second abstractor, but what he 
wrote, giving no indication of what was done or what 
compounds were studied, could hardly be classed as an 
abstract. Excellent examples of brief critical remarks 
that add greatly to the value of abstracts may be found 
in several publications, for example, “Structure Re- 
ports for 1947-1948” (10) and early volumes of the An- 
notated Bibliography of Economic Geology. 

The suggestion has been advanced, and at least one 
large-scale attempt has been made to carry it out, that 
a single abstract journal for all scientific literature be 
established. The mere contemplation of volumes so 
large that they are unwieldy and hard to use, so ex- 
pensive that very few libraries can afford them, and so 
full of information that the index stretches limitlessly, 
makes us shudder. We are in thorough agreement 
with the memorandum submitted on behalf of the 
Institution of Electrical Engineers and the Committee 
of Management of Science Abstracts which recom- 
mends (4) that: 


... the provision of abstracts should be in the hands of those 
in close touch with the users, that is, the members of the profes- 
sional societies, engineering mstitutions and research associations 
at present responsible for their production; any attempt to cen- 
tralize production into a single comprehensive system would lead 
to abstracts whose approach disregarded the special points of 
view of particular specialist users. Holding this view, the Com- 
mittee do not regard some overlapping of the fields of interest of 
different abstracting organizations as a bad thing in itself, as it 
enables different points of view to be catered for. 
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Zone refining (or zone melt refining) is a highly effi- 
cient purification technique which consists of the 
gradual transport of a molten zone, produced by ex- 
ternal heating, along an elongated ingot of the impure 
material. The slow solidification of the liquid ma- 
terial at the cooling end of the molten zone constitutes 
a recrystallization step. This process can be of con- 
siderable utility in the laboratory not only as a means 
of purification but also for demonstrating phase rela- 
tionships to students. 

This technique was developed by Pfann! as an im- 
provement on a fractional freezing process reported by 
Schwab and Wichers? in 1944. Although the previous 
work was directed toward the purification of benzoic 
acid and acetanilide, Pfann was concerned with the 
production of very pure germanium for electrical ap- 
plications. Zone refining has since been used for the 
purification of silicon,’ tin,‘ antimony, and various 
organic materials.» Numerous other applications and 
a general account of the phase principles involved have 
been discussed by Goodman.® A mathematical treat- 
ment of zone-melting processes has been presented by 
Reiss.” 

The writer has carried out zone-refining experiments 
with organic materials in Pyrex tubing 3, 5, 8, 10, and 


C. A., 


1Prann, W. G., J. Metals, 4, Trans. 747 (1952); 
46, 70229 (1952). 

2 Scuwas, F. W., ano E. Wicuers, J. Research Natl. Bur. 
Standards, 32, 253 (1944); C. A., 38, 4846 (1944). 

3 Ane@n., Chem. Week, December 25, 1954, p. 62. 

4 TANENBAUM, M., A. J. Goss, AND W. G. Prann, J. Metals, 6, 
AIME Trans. 20, 762 (1954); C. A., 48, 8145c (1954). 
5 Anon., Research (London), 7, 465 (1954). 
6 GoopMaN, C. H. L., ibid., 7, 168 (1954). 
7 Reiss, H., J. Metals, 6, 1053 (1954). 
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12 mm. in diameter. Using a 1-meter length of 3-mm 
diameter tubing, the entire sample undergoing pur: 
fication was only about 2.5 grams. Flexible laboratory 
heating tape wrapped once or twice around the tubing 
very satisfactory in creating the molten zone when or- 
ganic materials are used. When length permits the 
tape can be arranged to create a second or third molten 
zone on the same tube. If this is done, care should be 
taken to preclude mixing of the liquid zones. The 
sample tube can be mounted in any convenient position. 
A horizontal arrangement, however, was found to have 
some convenience. 

Colored p-dichlorobenzene cakes, sold commercially 
as deodorizing blocks, were found to be very satisfac- 
tory as a crude feedstock for zone-refining demonstra- 
tions. Noticeable decolorization could be obtained 
(10-mm. tubing, one-in. heated zone) even when the 
heating coil was manually advanced about one-half 
inch every half hour. A constant gradual movement 0! 
the molten zone at about the same rate with a clock 
mechanism, however, was considerably more effective 
than the sporadic manual manipulation. Naphthalene 
containing a trace of methyl red was also found to be an 
excellent feedstock for demonstrations. The removal 
of fluorescent impurities (e. g., a trace of anthracene in 
naphthalene) makes a very impressive demonstration 
but requires an ultraviolet lamp and darkened room for 
the examination. 

Thermal recrystallization, either through zone re 
fining or fractional freezing, completely avoids solvent 
problems. The process, however, is obviously not 
adaptable to materials which are unstable at tempera- 
tures slightly above the melting point or which tend to 
form supercooled liquids on solidifying. 
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HIS experiment was designed to illustrate to a class in 

adioactive Tracer Techniques the potentialities of 
radioisotopes as an analytical tool. It requires only 
wo hours of a student’s time. Specifically, the chlo- 
ride-ion concentration in an unknown solution is 
determined by the addition of excess silver ion con- 
taining radioactive silver. After filtration of the re- 
sulting silver chloride, the excess silver ion in solution 
is determined by measurement of the radioactivity in 
the filtrate. This measurement is related to the con- 
centration of silver ion by an additional measurement 
on a solution of known concentration of silver ion. 
Similar radiometric methods have been reported pre- 
viously by Langer! for the determination of silver, 
phosphorus, and the halides. 

The measurement of radiations from the decay of 
Ag''® (0.59 m. e. v. beta particle and several gamma 
rays) is conveniently done by counting the activity in 
sdution with a dipping counter tube. A dipping 
counter tube? with a glass-wall thickness of 30 mg./ 
cm.? was centered in a glass cylinder with a stopcock on 
the bottom for sample drainage and a side arm near the 
top for the addition of the sample. The glass cylinder 
held about 25 ml. of solution although only 20 ml. of 
the active samples was added in this work. An as- 
sociated scaler and timer were used to record the count- 
ing rate of the various samples. 

Because of the radioactivity involved, transfers of 
the active solutions were done in glass or stainless-stee] 
trays. All of the active wastes were collected and 
stored in wide-mouthed glass bottles. 

A solution of chloride ion (0.0380 N) was prepared 
by dissolving the proper quantity of anhydrous potas- 
sium chloride in distilled water to a volume of one liter. 
A liter of 0.0440 N silver solution was prepared in a like 
manner from silver nitrate. Radioactive silver under 
the code name of Ag-110 (P) was purchased from Oak 
Ridge National Laboratories. The specific activity 
(100-300 millicuries/g.) is such that the addition of 0.3 
millicuries to the solution does not change the con- 
centration of silver ion significantly and provides 
sufficient activity for the analysis. 

Ten ml. of the chloride-ion solution (concentration 
unknown to the student) was added from a buret to a 


‘Lancer, A., Anal. Chem., 22, 1288 (1950); J. Phys. Chem. 
45, 639 (1941). 

* The dipping counter tube Model TGC 5, made by Tracerlab, 
Inc., 130 High St., Boston 10, Massachusetts, was used in these 
studies. 
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50-ml. volumetric flask. After adding about 10 ml. 
of H,O and one drop of concentrated nitric acid, the 
flask was placed in a water bath and warmed to 60—- 
70°C. Ten ml. of silver solution (0.0440 NV) was then 
added dropwise from a buret to the contents of the 
flask. After filling to volume following coagulation of 
the precipitate, about 30 ml. of the filtrate was collected. 
A 20-m]. sample was placed in the glass cylinder con- 
taining the dipping counter tube and the activity was 
measured. 

A standard sample was counted under the same 
geometry conditons as the unknown. The standard 
sample contained five ml. of the radioactive silver 
solution in a total volume of 20 ml]. Background counts 
were taken on 20 ml. of distilled water before and 
after each series of counts and the counting rates on the 
experimental samples were appropriately corrected. 
A typical set of data and calculations taken from a 
student report are as follows: 


...924 counts/minute 


(1) Radioactivity of excess Ag!” 


924 e.p.m. — 100 ¢.p.m. = 824 


50 ml. 
Total activity = 824 ¢.p.m. X = = 2060 c.p.m. 
(2) Radioactivity of standard 
7555 ¢.p.m. — 100 ¢.p.m. = 7455 ¢.p.m. 


5 ml. of 0.044 M solution = 0.00022 moles of Ag 
Moles of Ag (standard) _ Moles of Ag (excess) 


(3) ¢.p.m. (standard) ¢.p.m. (excess) 
0.00022 x 
7455. 2060 7 = 0.000061 
(4) Moles added — Moles excess = Moles consumed 


0.000440 — 0.000061 = 0.000379 
0.000379 roles/10 ml. = 0.0379 M chloride solution 


RESULTS AND DISCUSSION 


A total of 49 determinations by class members over 
a three-year period on the chloride-ion solution (0.0380 
N) gave an average value of 0.0378 N. The per cent 
standard deviation around this value was 0.3. The 
concentration of chloride ion was changed to 0.0350 
for the most recent class. Thirteen determinations 
gave an average value of 0.0347 N with a per cent 
standard deviation of 0.2. 

An inherent error in any radiometric determination 
involves counting statistics. While a minimum of 
5000 counts were taken for most samples, laboratory 


4 
‘ 
JCATIO 


34 JOURNAL OF CHEMICAL EDUCATION® youu 


periods prevented longer readings. Perhaps the most centration by tracer techniques, and the advantages ff /r.\!* 
significant source of error unique to this technique was, a dipping counter tube under these conditions. Th ( ‘) 

the presence of colloidal silver chloride in the filtrate, method here described is not intended to replace th 
thus increasing the counting rate and resulting in alow standard analytical methods for chloride-ion deter. 
value for the chloride-ion concentration. mination. However, the use of a technique not de 


The value in this experiment is that it illustrates pending on a visual end point should suggest to the ee 
both a rapid method of determining chloride-ion con- student a variety of modifications and applications. on 
Rewr 
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LE CHATELIER’S THEOREM 


BHAGAT SINGH and DARRELL EBBING 


Bradley University, Peoria, Illinois 
(l+1 
Lie Cuarexier’s theorem states: If the externalcon- Then the equilibrium constant? (Kp) is: 
ditions of a thermodynamical system are altered, the lr . 

equilibrium of the system will tend to move in such a ( Pr) ( — 
direction as to oppose the change in the external con- K? = ai—m),]*fol—-n),?~ 
ditions. In physicochemical systems, the external P [ P ‘| ve 
stress can be a change in pressure or in temperature. 9) 
Thus, in the ammonia equilibrium, + 3H; = 2NH; P ) — 
+ heat, the qualitative argument, in accordance with Now, if the pressure is increased to P; (P, > P) at 
Le Chatelier’s principle, is that an increase in pressure constant temperature, Kp is also equal to: This 


(stress) would favor the side which occupies smaller 
volume (relief of stress). This means the formation of k 
more ammonia in the equilibrium mixture. Similarly, — 
an increase in temperature in this exothermic reaction Thus, on equating (2) and (3), we have — 
would favor the dissociation of ammonia. : 
We can give this argument in more analytical and P) (cS) - 
quantitative terms and proceed as follows. The effect Py 
of pressure can be demonstrated for idealized systems 9) a qt, ye carn) (4) 
: where the equilibrium constant is a function of temper- ' 
. ature alone.' ‘ For the following system, the reactants We want toshow that if (a + b) > (1 +m), then P,>P, 
and products are ideal gases: implies that 2, > 2. On rearranging terms in equation 
a(1 — 2) b(1 — 21) lay mx — 

Le Chatelier’s principle would state that if a + b > — 

l + m (a, b, l, m are positive integral coefficients), then ja + b — wl[(a + b) — (1 + m)) si dan indie. 

an increase in pressure would shift the equilibrium to (a+b —a[(a + b) — (UL + m)] 

the right. If we start with a moles of species A, and (2 one 1- a 

b moles of species B, and x; (0 < 2 < 1) denotes the 1-2 

extent of the reaction at a pressure P;, then the num- Since, by definition: (P2/P:) > 1, and [(a + b) — (J + 

ber of moles of the various species in the equilibrium m)] > 1, then [(P2/P)'*+%-@+™l]] > 1. Then, 


mixture is as shown in equation (1). The total num- equation (5) reduces to the inequality: 
ber of moles is equal to N; = a + b — a,[(a + 6) — 


Dror 


1+ m)]. The various partial pressures are: 
Py = Py Pp =  p,; "> 


Pi = Pi; Pu = or: 


1 Fermi, E., “Thermodynamics,” Prentice-Hall, Inc., New GiasstonE, S., “A Text Book of Physical Chemistry,” 2nd 
York, 1937, p. 109. ed., D. Van Nostrand Co., Inc., New York, 1946, p. 836. 
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Xe l+m 1 a+b 

(®) 

+b — +b) —-(l+ — 
a+b + b) — (1+ m)] 


(7) 


Taking logarithms of both sides in (7), we get: 


(1 + m) log 2 + (a + 6) log > +b) — 


(a + b) — + il} (8) 
(a + b) — + 6) — (lL + m)]\ 


(1+ log 


Rewriting the expression in the brackets on the right 
side of inequality (8), we have: 


(a + b) —(i +m) ( 
a+b 

(a + b) —(l+™m) ( 
a+b ait a+b 


If we letk = 1 — [(l+ m)/(a + b)] (0 < k < 1) then 
the inequality in (8) becomes: 
— ky 


[(a + b) — + m)] log (9) 


Transposing terms of like coefficients in (9), we obtain: 


(1 + m) log + (a + 6) og 


kx 
k22 


2 + (a +b) 


> 


=~ 


This can be rewritten as follows: 
— ka) a+b (1 — — ka) 
Since (a + b)/(l + m) > 1 by definition, we have, from 
(11): 


log (11) 


— kx) (1 — m)(1 — kx) 


a(1 — kx) — — kx) 
— katz)” (1 — m)(1 — kx) 
or: 
1- 


— m1) > — 
Ye — > — 
We have shown that if (a + b) > (1 + m), P: > Pi 
implies x. > 2 in accordance with Le Chatelier’s 
principle. Actually, of course, a stronger statement 
can be made which also implies that if a + b< 1+ m, 
P, P, will give <2. 

The second type of stress (effect of temperature) can 
be studied quantitively by means of the Helmholtz 
equation: 

AH 
~ RT? 


din Kp 
dT 


On integration (assume AH independent of tempera- 
ture) between the limits 7; and 7», this gives: 

Kp, 23R 
where AH is the heat of the reaction and Kp, and Kp, 
(Kp, and Kp, > 0) are the equilibrium constants at T, 
and 7 degrees absolute, respectively. Then T, > 7; 
and AH positive (heat absorbed by the system) means 
log Kp,/Kp, > 0, or Kp, > Kp,. Similarly, if AH is 
negative (heat evolved by the system), then T, > 7; 
will give log Kp,/Kp, < 0, or Kp, < Kp,. These are 
also the qualitative predictions of Le Chatelier’s 
theorem when applied to equilibria subjected to tem- 
perature changes. 
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log = ick log er ey (12) the Mathematics Department for reading the argument 
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A Chem-Gem 


A SYNTHESIS reported in a somewhat unofficial fashion at the Minneapolis A. C. S. meeting is one 
which we feel needs wider acclaim. The compound’s remarkable structural formula is: 


CH; 


CH; 


This is neither steroid nor carcinogen. 
of humor. 


anu 


H; 


CH; 


It can be utilized only with the desirable catalyst, a sense 
Its name: Hexamethy]l bathroom tile. 


[Eprror’s NoTE: Have you a Chem-Gem to share’’] 
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« DEFINING THE CONDENSED PHOSPHATES 


Tose phosphate anions containing one or more PQ, 
tetrahedra joined through an oxygen atom are known 
as “condensed phosphates.” Concomitant with the 
increasing industrial importance (1) of the sodium and 
potassium condensed phosphates is a continuous ad- 
dition to an already extensive and contradictory litera- 
ture (2,3). It is the intent of this article to summarize 
the results of those physicochemical investigations 
which have led to a clearer definition of these diverse 
materials. 

The early work of Thomas Graham (4) constitutes 
the first comprehensive investigation of the condensed 
phosphates through his studies of the thermal decom- 
positions of the dihydrogen (X'H.PO,) and mono- 
hydrogen (X}HPO,) orthophosphates. This work 
stands as a tribute to his observational acumen. He 
noted in the instance of sodium dihydrogen ortho- 
phosphate (5) that: ‘The salt cannot sustain the Joss 
of any portion of this water (7. e., the water of con- 
stitution) without assuming a new train of properties.”’ 
Thus, Graham found the reaction sequence on heating 
sodium dihydrogen orthophosphate to be: 


NaH.,PO, Na2H2P20; — sodium metaphosphate 


Graham was able to identify at least three forms of 
sodium metaphosphate—a soluble type, an insoluble 
type, and a glass—each of which differed in physical and 
chemical properties and the method of preparation. 
Clark’s experiments describing the conversion of 
sodium monohydrogen orthophosphate into sodium 
pyrophosphate (6) were also verified by Graham. 

All condensed phosphates may be thought of as 
stemming from the acids formed in the course of the 
molecular dehydration of orthophosphoric acid (7) or 
as the ultimate products of the heating of hydrogen 
phosphate salt mixtures of appropriate H/P ratios (8). 
The reaction course for orthophosphoric acid may be 
represented generally as: 


nH;PO, > H, 2(P.Os, +1)” *” + (nm + 1)H2O (1) 
H, + 2(P.Os. +1)“ *” nHPO; + H2O (2) 


Superficially, then, it would appear that many distinct 
phosphate ions may be formulated (9). These fall into 
two groups which may be differentiated by the mag- 
nitude of n in the formula +1)“ *” (10) 
corresponding to their salts. Those compounds for 
which n is a small whole number are designated as 
‘“‘polyphosphates,” and those substances for which n is 
large, such that the empirical formula approaches 
X'PO;, are designated as “metaphosphates.”’ Thus, 
the polyphosphates may be considered as a series 
of compounds approaching the metaphosphate compo- 
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sition with all the accompanying gradations of proper- 
ties as the composition is varied from X}0/P;0; = 2 
to X30/P,05 = 

Investigations of the processes involved in the 
anionic condensation reactions of the solid hydrogen 
phosphates by thermal means (1/1) show that these 
reactions proceed as a transition from one state of 
anionic condensation characterized by hydrogen bond- 
ing (12) to another state characterized by oxygen 
bridging between the PO, tetrahedra (13). 


POLYPHOSPHATES 


The existence of only three polyphosphates has been 
firmly established. These are the pyrophosphate or di- 
phosphate (P,0,—‘, n = 2), the triphosphate (P;0.0~, 
n = 3), and the tetraphosphate (P,O,;-*, n = 4) 
anions. The results of crystallographic studies (14), 
conductance data (15), complexing tendencies (16), 
compound formation (/7), and hydrolysis studies (18) 
substantiate the existence of the pyrophosphate anion 
as a discrete species. There has been no complete 
crystallographic analysis of a triphosphate (19) but 
the phase studies of the systems potassium pyro- 
phosphate-potassium metaphosphate (20) and sodium 
pyrophosphate-sodium metaphosphate (2/), acid titra- 
tion (22), complex-ion formation (23), and kinetic 
studies of the alkaline hydrolysis of sodium trimeta- 
phosphate (24), as well as reversion data (25) affirm the 
existence of the triphosphate ion. 

The existence of a crystalline tetraphosphate in 
solid state preparations has been reported on the basis 
of phase and X-ray studies of the system lead pyro- 
phosphate-lead metaphosphate (26). Thilo and co- 
workers (27) in their reports of the preparation of 
sodium tetraphosphate by the hydrolysis of sodium 
tetrametaphosphate obtained only an uncrystallizable, 
viscous liquid containing much water; however, they 
were able to prepare amorphous materials correspond- 
ing to anhydrous silver tetraphosphate and calcium 
tetraphosphate octahydrate. More recent work by 
Quimby (28) has resulted in the isolation of essentially 
pure, crystalline acridinium and guanidinium tetra- 
phosphaies. Dilute tetraphosphoric acid, obtained by 
ion exchange of a solution of the sodium salt, was 
neutralized with the bases. Further evidence (28) for 
the existence of the tetraphosphate ion is based upon 
the characteristic X-ray patterns of the salts, paper 
chromatography studies (29, 30), reversion rates, 
chemical behavior with the tris-(ethylenediamine)- 
cobalt (IIT) ion, and chain-length determinations. 

Grunze and Thilo (37), by modifying Ebel’s paper- 
chromatography techniques for the separation of 
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condensed phosphate mixtures (30), report the separa- 
tion and semiquantitative determination of poly- 
phosphates of n values to eight. The size of the 
polyphosphate chain was gaged by a relation between 
the chromatographic position constant and the solvent 
characteristics. Further work, however, is necessary 
for the establishment of the true nature of these mate- 
rials. Thus, the preparation of polyphosphates of n 
greater than four in a characterizable state still awaits 
accomplishment. 

The nonappearance of the higher polyphosphates 
(n greater than three) in the course of the phase in- 
vestigations of the potassium pyrophosphate-potas- 
sium metaphosphate and sodium pyrophosphate- 
sodium metaphosphate systems cannot be taken as 
proof for their nonexistence. Their absence may very 
well be due to the stringent thermal conditions upon 
which their formation and crystallization may hinge 
(32). 


METAPHOSPHATES 


The metaphosphates, the second group of condensed 
phosphate anions, are those possessing or closely ap- 
proaching the empirical formula X’PO;. Because of 
the tetracovalency of phosphorus to oxygen, the 
stable existence of monomeric metaphosphates is very 
unlikely; such a particle would have a high degree of 
coordinative unsaturation and would consequently 
be very reactive chemically (32). Thus, the meta- 
phosphates exist in polymeric groupings and their 
formulas are correctly expressed as (X'POs)n, where 
n’ indicates the extent of anion polymerization. 

The monometaphosphates cited in the literature (33) 
have proved to be mixtures of various condensed phos- 
phates (34, 35). The case for the existence of dimeta- 
phosphates is denied on the grounds of the structural 
strain (36) and of the strong coulombic repulsion aris- 
ing from two PO, tetrahedra linked by an edge (38), as 
well as by conductivity data (39). A dimetaphos- 
phate has been reported as an intermediate in the 
thermal decomposition of sodium dihydrogen ortho- 
phosphate (42), but further confirmatory evidence is 
lacking. Trimetaphosphates, as cyclic six-membered 
structures (P;09~*), are well substantiated by cryo- 
scopic (43), conductance (40), potentiometric-titration 
(37), and compound-formation studies (44). One 
form of sodium trimetaphosphate is commonly known 
as “Knorre’s salt” (45). The determination of crystal 
structure for an aluminum (46) and for an ammonium 
(47) metaphosphate support the existence of discrete 
cyclic tetrametaphosphate (P,O.~*) units, as do con- 
ductance (41), acid titration (48), and compound- 
formation investigations (49). Cyclic metaphosphates 
of n’ greater than four are not known. 

It is the linear metaphosphates that exhibit the 
greatest variety and complexity of interrelationships. 
It has been shown that these long-chain polymeta- 
phosphates are linear aggregates of PO; units. Stoi- 


chiometrically, the linear metaphosphates in aqueous 
solution are not true metaphosphates like the cyclic 
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metaphosphates, but rather the sizes of the chains are 
such as to make the effects of the oxygen-saturated ends 
negligible in the over-all composition. Thus, the 
metaphosphate formula, X'PO;. is closely approached. 
It has been proposed that there is present in each chain 
a cyclic unit which would allow for the correct meta- 
phosphate composition as well as for complete oxygen 
coordination of the chain ends (50). However, there 
is no experimental evidence to support this contention. 
The methods of preparation of these substances must 
be carefully controlled because the extent of aggrega- 
tion or chain length is a function of such factors as the 
humidity, temperature, length and rate of heating and 
cooling, and the state of subdivision of the starting 
materials. The sodium polymetaphosphates present 
a good illustration of the complexities that may be 
encountered. From a compilation by Liddell (5/), 
the appropriate thermal treatment of sodium dihy- 
drogen pyrophosphate may lead to the formation of 
any one of six crystalline metaphosphates plus a glass. 
It should be noted that the designation of the glassy 
sodium metaphosphate (Graham’s salt, NazO/P:O; = 
1) as “sodium hexametaphosphate” is unjustified. 
The appellation stems from the early work of Fleitmann 
(52) and the later studies of Tammann (53) in the sup- 
posed preparation of mixed metaphosphates of the 
form X§—:Yi(POs)6. 


LENGTH OF PHOSPHATE CHAINS 


Graham’s salt is to be regarded as unique only in 
the respect that it represents the end member of a 
continuous series of phosphate glasses which may be 
formed by the rapid quenching of melts within the 
composition range 1 Z NagO/PeOy < 2 (54, 65). Van 
Wazer, utilizing pH titration data, ~ shown that the 
chain-length population in aqueous «. “tions of these 
glasses is dependent upon the PyOy ‘may 
be expressed by appropriate distribution fun tions 
(54, 55). It is postulated that a dynamic equilibrium 
is maintained within the melt by a random making and 
breaking of chains (the random reorganization proc- 
ess). Strong support of these views is to be found in 
solubility fractionation experiments (55), and less 
strongly in the theoretical interpretations of the surface 
tensions (56) and viscosities (57) of melts of various 
Na2O/P:0; ratios. 

Van Wazer predicts chain branching in glasses with 
Na,O/P:05 ratios below one. However, evidence 
recently obtained from pH and viscosity measure- 
ments (58, 59) indicates the presence of chain branch 
points in freshly prepared solutions of glassy phosphates 
within the composition range of 1 Z Na,O/P.0; Z 


1.01. 


End-group or pH titrations have found wide applica- 
tion in determining the length of phosphate chains 
(60, 55, 3). The utility of the method is based upon 
the experimental facts that for all the phosphoric acids 
there is one strong, titratable hydrogen ion (Kaiss. 
about 10-! to 10-*) per phosphorus atom in the mole- 
cule, and that the residual hydrogens are weak (Kiss. 


| 


about 10-*) (61, 37). Thus in an unbranched chain, 
there will be two weak hydrogens per chain, one at each 
chain end. Titration of an aqueous solution of a salt 
or acid from a pH of about 4.5 to 9 will give the weak 
hydrogen function. The number average chain length, 
n, is then given by (62): 


2(equivalents of strong acid function) 
(equivalents of titratable weak acid function) 


Corrections must be made for the presence of cyclic 
metaphosphates, which have no chain ends and thus no 
weak hydrogens, and for the presence of orthophos- 
phates, which have a small K4aj.5, for the last hydrogen 
(Kin, = 3 X 107") (87). From Van Wazer’s 
data on a sample of Graham’s salt (55) a corrected 
over-all average chain length of 193 was found with 
extreme values of n of about 550 and 35 (uncorrected). 
These correspond to average molecular weights of 
approximately 20,000, 56,000, and 3500, respectively, 
on the basis of (NaPO;)a. These data also demon- 
strate the wide range of existing polymer sizes obtain- 
able in a single sample. As the Na,O/P,O; ratio 
becomes greater than one, # decreases. Thus, for 
ratios of 1.01, 1.05, 1.17, 1.48, 1.53, 1.62, and 1.68, # 
values of 141, 37.0, 11.9, 4.61, 3.74, 3.30, and 2.93, 
respectively, were found. 

Various insoluble alkali-metal metaphosphates are 
also known (51), such as the sodium metaphosphate, 
Maddrell’s salt (63), and the potassium metaphosphate, 
Kurrol’s salt (64). Both substances are highly poly- 
merized materials (65). 

Further insight into the nature of the long-chain 
polymetaphosphates is being gained through applica- 
tion of the methods of high-polymer chemistry (3), 
utilizing such techniques as light scattering (58), flow 
birefringence (66), viscosity measurements (67), ultra- 
centrifugation (68), and dialysis and diffusion (69). 

The common denominator in phosphate chemistry 
for the composition range between 2 = X}0/P,0; 
= 1 is the linking together of PO, tetrahedra in a 
manner such as to yield anion structures ranging from 
the simplest (the pyrophosphate ion) which consists of 
two tetrahedra joined by one oxygen bridge to those 
(the cyclic and long-chain polymetaphosphates) in 
which each tetrahedron, except for the chain ends, are 
joined to two other tetrahedra by oxygen bridges. In 
the case of the glassy phosphates, the exact composi- 
tion (though close to X5/P,0; = 1) at which chain 
branching occurs is not known, but for all phosphates 
where X30/P,0;< 1, chain branching does occur and 
more corners are held in common by the tetrahedra. 
Structural determinations of pure phosphorus(V) 
oxide, the limiting case, have shown that for the three 
polymorphic forms (70) and for the vapor (71), the 
essential structural feature of each is three shared 
oxygen atoms per PO, tetrahedron. 
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an original prize essay in the history of science and its cultural influences. 
open to undergraduate and graduate students in any American or Canadian college, university, 
or institute of technology. Papers submitted for the prize competition should be approximately 
5000 words in length, exclusive of footnotes, and thoroughly documented. 
prize-winning essay will be suitable for publication in ISIS, the journal of the History of Science 


Society. 
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broadly interpreted. 'The paper—which should in each case be original contributions to learning— 
may deal with the ideas and accomplishments of scientists in the past; they may trace the evolution 
or particular scientific concepts; or they may study the historical influences of one branch of science 
The phrase “cultural influences” is taken to include studies of the social and his- 
torical conditions that have influenced the growth of science, or the effects of scientific develop- 
ments upon society in the realms of philosophy, religion, social thought, art and literature, eco- 
nomic progress, etc. Essays dealing with medical subjects are not acceptable, although papers 
dealing with the relations between medicine and the natural sciences will be welcomed. 

Papers submitted for competition should be sent to the chairman of the prize committee, Profes- 
sor Charles C. Gillispie, Department of History, Princeton University, Princeton, New Jersey. 
Inquiries about the competition may be also addressed to Professor Gillispie. 
consideration, papers must be received on or before the first of June, 1956. The announcement of 
the prize-winning essay will be made at the annual meeting of the History of Science Society, 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


DESIGN AND OPERATION OF A 


THERMOMETER COMPARATOR 


In epucationat research laboratories, 
with periodic turnover of junior personnel, 
there is frequent need for convenient pro- 
cedures in calibration of liquid-in-glass 
thermometers. The usual request for loan 
of an officially-certified standard thermom- 
eter involves great hazard of breakage 
by inexperienced workers. Method of use 
! of the standard instrument is uncertain. 
Furthermore, the cost and delay involved 
in replacement of a broken standard 
| thermometer are now very serious. 
| Figures 1 and 2 show an outfit which 
has been operated in the author’s labora- 
tory for several years, and is constantly 
available for immediate use by any re- 
search worker. In this comparator a 
standard calibrated precision thermom- 
eter, ranging from 0° to 100°C., is in- 
| stalled permanently, with closely ad- 
| joining space where a second thermom- 
eter may be inserted and compared at 
any point from room temperature to 90°. 
Since most calls for calibration involve 


none “weet temperatures below 100°, this comparator 
diets enjoys the distinct advantage of using 


distilled water as circulating liquid. 
The high specific heat of water affords maximum speed 
of temperature response. Minimum damage to gradu- 
ation markings occurs, in contrast with use of an oil 
bath. One must be careful, however, to test only 
clean thermometers and to exclude all electrolyte in 
view of the presence of a bare-wire immersion heater, 
used because of freedom from temperature lag. 
Concentration of many small accessories on one 90- 
cm. (36-in.) ringstand, for compactness in shelf mount- 
ing, has made it desirable not to attempt a picture of 
the whole assembly in one figure. Figure 1 indicates 
the general appearance of the main body of the com- 
parator, exclusive of overflow flask and electric power 
connections. Figure 2 gives more specific detail needed 
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by glass and machine-shop workers who might be con- 
cerned with the problem of construction. 

The principal vessel of the outfit is virtually a large 
Pyrex test tube, with sidearm connected to a simple 
overflow flask. In this vessel a section of Pyrex tubing, 
open at both ends and with a large hole near C (Figure 
2) is held by the upturned edges of a piece of heavy, 
rigid, Monel or bronze screen F in such a position 
that water may circulate freely downward past heating 
element D, and thence upward through the outer space 
to C and return. 

D is a spiral of Chromel-A resistance wire (20 per 
cent Cr, 80 per cent Ni) of about 24 ohms resistance, 
which may be made of a section of about 38 feet or 
about 11.5 meters of No. 20 B and S gage wire. Such 
a resistance unit will draw about five amperes, normal 
capacity of the common hand-regulated variable labora- 
tory transformer for 110—120-volt domestic service. 
Connection to the transformer is at D, further electric 
details of switches, etc., being omitted from the figures. 
This resistance unit must not be electrically operated 
unless immersed in the distilled water. 

Item A is a model KYAF “Barcol Small Motor,”! 
a neat, silent-operating device of low cost; factory list 
price of recent date is $3. Incidentally, this induction 
motor, like other Barcol motors of similar type and 
assorted sizes, is a very economical unit of low fractional 
horsepower for actuating numerous small laboratory 
outfits, including Hershberg stirrers, ventilating de- 
vices, and even small thermostatic baths. In the pres- 
ent assembly, a long tubular bearing C, held firmly by 
the cork at the upper end, ensures quiet operation of the 
stirrer without side play. 

B is a simplified representation of a double clamp for 
holding two thermometers in close proximity. If one 
can obtain a specimen of the old-time cast-brass double 
buret clamp, no longer manufactured, the two three- 
finger clamp units may be cut off and used in an as- 
sembly corresponding to B. 

F is a simple wooden box, attached to the base of the 


1 Barber-Colman Co., Rockford Illinois. 
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ringstand as in Figure 1. In this box a block of plaster 
of Paris or magnesia-asbestos lagging, molded with 
hemispherical seat, supports the main comparator 
tube. 

In Figure 1 are seen the two sections of a length of 
common magnesia-asbestos steam-pipe insulation about 
12 em. in outside diameter. Each hollow hemicylin- 
drical part of this dusty material is wrapped compactly 
in asbestos paper, which is wetted and pressed snugly 
into proper place, then dried. The wrapped unit is 
mounted in a piece of cardboard mailing tube split 
lengthwise. Such heat insulation is needed for cali- 
bration at higher temperature ranges. A horizontal 
rod or section of thin metal tubing may be bolted to the 
half cylinder and held by standard laboratory clamp- 
holder to the rod back of the comparator, mostly out 
of sight with respect to the views shown in Figures 1 
and 2. 

As finally assembled and filled to normal capacity 
with distilled water, the comparator requires from about 
12 to 14 seconds per centigrade degree of temperature 
elevation when the transformer is set to deliver the 
full five amperes of heater current. When the com- 
parator has been brought to the desired calibration tem- 
perature, the transformer is not turned off; instead it is 
merely reset at a “holding” voltage, taken from an 
empirical chart devised to suit the particular compara- 
tor. For example, at normal laboratory temperature 
it requires about 32 volts to hold the author’s compara- 
tor at 60°C. 

It would be natural to criticize this instrument, with 
preference for a large, wide heating bath with general 
random stirring movement. Actually the comparator as 
shown here has a special advantage related to its slender 
design. When the first period of heating is concluded, 
the mercury column of the thermometer does not merely 
“crawl” to the final value. Instead, the last portion 
of water which passes the immersion heater before 
turndown of the electric current is at relatively high 
temperature, and causes a sudden rise above the ulti- 
mate figure to be read. This surge is immediately 
followed by a colder portion of water, and the mercury 
column falls. Until the last portion of heated water 
has time to mix with the main body of the bath, 
oscillation of temperature occurs. The variations in 
this oscillation rapidly dwindle, leading promptly to 
constancy and establishing confidence in the tempera- 
ture reading which immediately follows. 

Workers are warned to adjust clamp B so that the 
bulbs of the thermometers do not touch either the outer 
or inner tubes of the comparator proper. A. minor 
additional convenience may be added in the form of a 
common pharmacist’s atomizer bulb with check valve, 
for returning overflow water to the comparator after 
the bath has cooled. It is also desirable to adjust the 
thermometer positions so that the two mercury columns 
are at exactly the same height at the temperature of 
calibration. This eliminates concern over parallax. 


+ + 
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Obviously the thermometer being tested may also 
be set at any degree of partial immersion if desired. 

For comparison with corresponding technique of the 
National Bureau of Standards, see the excellent chapter 
by Busse? who describes the more costly Bureau 
equipment, and also gives an interesting critical discus- 
sion of problems in use of liquid-in-glass thermometers. 
A 
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CM 
Figure 2 
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The present writer has constructed and put into 
service two additional comparators, one for general 
use up to 300°C., and one specially designed for An- 
schiitz thermometers. These employ silicone oil as 
heat-transfer liquid. Description of these is deferred 
until after more adequate trial of the devices. 


2 Busss, J., “Temperature, Its Measurement and Control, etc.,” 
Reinhold, New York, 1941, pp. 228-55. 
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® QUANTITATIVE 


CHEMISTRY’ 


Ix rae summer of 1954, the American Chemical So- 
ciety workshop at North Carolina State College was 
held in Raleigh, North Carolina. One of the aims of 
the general chemistry course, which was common to 
both the high-school and the college curriculum, was to 
foster and develop scientific thought and attitude, and 
the development of proper concepts of chemical facts 
and principles. Furthermore, the development of an 
appreciation of the importance of science in social and 
economic changes was considered essential.? 

One method of accomplishing these aims is to bring 
to the student an awareness of the development of 
science from a disorganized mass of methods to a finely 
integrated collection of thought processes. 

One of the major purposes in this development is the 
realization that science is not truly science unless it is 
exact, or perhaps better, precise. The predictability of 
the behavior of matter and energy under experimental 
conditions and the development of new ideas and new 
methods of measurements based on well-organized ex- 
perimentation and research are achievements possible 
only through science as opposed to a priori trial and 
error methods. 

This concept is clear enough to those who are trained 
in the various branches of physical science, but the 
problem is: How can this idea be presented in a pala- 
table fashion to the young student having his first con- 
tact with a formal course in one of the sciences? The 
popularization of scientific achievement by means of 
popular books, films, and other familiar devices often 
leaves the student with only a dim appreciation of the 
tremendous mental effort and physical labor involved in 
making these achievements possible. At times stu- 
dents have the idea that the scientist is some kind of a 
magician, and the young student is often unwilling to 

1 Presented at the 17th Summer Conference of the NEACT, 
Tufts University, Medford, Massachusetts, August 18, 1955. 

2? McDearMaN, Etta B., ‘‘Report on a workshop on the inter- 
relation of high school and college chemistry,’’ General Chemis- 


try Workshop of the American Chemical Society held at North 
Carolina State College, Raleigh, North Carolina, 1954. 


WORK IN FRESHMAN 


HENRY GABRIEL 
Siena College, Loudonville, New York 


make the necessary effort to prepare himself properly 
for a scientific career. 

In order to demonstrate to the student the need for 
precise measurement, keen observation, and mathema- 
tical formulation, a quantitative approach to work in 
the laboratory is essential. Problem work is always as- 
sociated with lecture and class recitation work, but in 
this connection it is often a chore which the student 
undertakes for the sake of a grade and in which its 
purpose is lost. In the laboratory, on the other hand, 
collecting data, interpreting them, and finally drawing 
the necessary conclusion go hand in hand with problem 
solving and illustrate the growth of scientific ideas. 

In recent years increasing emphasis has been placed 
on quantitative experiments in general chemistry 
courses. A survey of recently published laboratory 
manuals for first-year college chemistry revealed the 
distribution of quantitative experiments shown in 
Table 1. 

It is noteworthy that about one-third of the experi- 
ments in any manual contain some measurement and 
reading of data. However, far too few experiments 
with unknowns are used and only two of the manuals 
surveyed made any attempt to explain significant figures 
to the prospective experimenter. 

Too many laboratory experiments are still in the 
‘cook book” experiment stage and there is an insufficient 
number of experiments which really test the student’s 
power of observation and thinking. It was also brought 
out last year that high-school laboratory work, if given 
at all, is sadly lacking in scientific interest. To illus- 
trate my point, let me imagine a typical cook book ex: 
periment, which, I am happy to say, is reluctantly but 
steadily vanishing from our laboratory manuals. 


Place approximately one gram of sulfur (yellow, powdered ma- 
terial, formula S) and one gram of dark-gray iron filings on 4 
filter paper, provided by the instructor. Draw a magnet over 
the mixture and attempt to separate the two substances. 

Can you separate the components of the mixture? 
What is a mixture? 
Recombine the iron and sulfur or make up a fresh mixture and 
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place it in a six-inch Pyrex test tube. Light the Bunsen burner 
and heat the mixture vigorously, until it begins to glow. Re- 
move the test tube from the flame and observe that it continues 
Then break the tube and 


Did a chemical reaction take place? 
What evidence do you have that a chemical reaction took 
place? 
Write an equation for the reaction. 
Take a little of the black ferrous sulfide (FeS) and drop it into 
a test tube one-third full of dilute hydrochloric acid. Notice the 
bubbles that are formed. Cautiously smell the gas given off. 
Do you recognize the odor? Describe it. 


Admittedly, this is an exaggerated description of a 
routine experiment in general chemistry, usually the 
second or third in the text, but for purposes of illustra- 
tion it willserve. There are still colleges and some high 
schools which make use of texts that contain little else 
but this type of descriptive cookery, especially in their 
terminal courses. It might be pointed out that the 
above example completely stifles any scientific curiosity, 
because it gives all the answers in the directions and 
makes every possible observation for the student. It is 
exactly the reverse of the scientific method, presenting 
chemical dogma in catechism style. Now let us ex- 
amine the same experiment rewritten so that it illus- 
trates observation, measurement, and stepwise con- 
clusion building. 


(1) On separate filter papers, weigh out one g. of sulfur and 
one g. of iron filings (use the platform balance). Describe both 
materials. [Here the student is expected to make only obvious 
statements. Solubility of sulfur in CS, is not a description!) 

Combine both materials on a third paper. Describe the re- 
sulting material. 

Is this combination of sulfur and iron a mixture? 
Justify your answer, giving at least three reasons. 

(2) Weigh the six-inch Pyrex test tube to the nearest 0.1 gram 
(use triple beam with wire loop). Add one-half of the material 
on the third filter paper. Weigh again and record. Vigorously 
heat the test tube until the contents appear dull red. Allow the 
tube to cool, weigh again, and record the weight. Break the 
tube and describe the material. 

Did a chemical reaction occur? 
Give at least three reasons for your answer. . 
(c) Account for any difference in weight before and after 
heating the test tube. 
Does the difference in weight nullify the law of conser- 
vation of matter? 

(e) Justify your answer. 

(3) Place a small particle of your material from No. (2) in a 
test tube and add five ml. of dilute hydrochloric acid. Record 
your observation. 


(d) 


This is substantially the same experiment as before 
but the emphasis is completely different. Whereas the 
former experiment emphasized the procedure and as- 
sumed that the experiment would work to the teacher’s 
satisfaction, and that thus the correct chemical answers 
would be forthcoming, the latter experiment assumes 
nothing. Note that a number of incorrect answers are 
possible, 7. e., answers not justifiable from the text. 
However, they are perfectly possible on the basis of in- 
correct technique or poor observation. Suppose the 
sulfur-iron reaction failed to take place. Then answer 
(a) would be “‘No”’; (b), “The iron is still there. Some 
sulfur is on the edge of the tube,” etc. 


Suppose the 
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reaction was observed and the material now weighs less. 
Then (c), (d), and (e) will show whether the student is 
able to draw a legitimate conclusion. Furthermore, 
this routine experiment involved the use of the balance, 
without making it a chore, thus emphasizing the quan- 
titative aspect of procedure. 

Neither of the two experiments is what I call a quanti- 
tative experiment and they will not prevent a student 
from “graphiting” the experiment. However, more 
authors are emphasizing the measurement aspect of 
general chemistry laboratory, especially with an in- 
crease in physicochemical experiments. There are 
several aspects here that I wish to discuss. 

(1) It is definitely desirable to provide good meas- 
uring equipment for these experiments, but it is not es- 
sential that six-place accuracy be required. A student 
can learn to use the equivalent of a foot rule before he is 
asked to operate with microcalipers. To me, elaborate 
and expensive equipment for freshman chemistry is 
unnecessary and wasteful. To illustrate: The Dumas 
method for the determination of molecular weight of 
volatile liquids is a standard experiment in physical 
chemistry. Careful manipulation, use of an analytical 
balance, correction for buoyancy, correction to vacuum, 
etc., give results with from three to five per cent ac- 
curacy. Thesame experiment can be performed by any 
freshman in college and most high schools, using a 125- 
ml. Erlenmeyer or a 200-ml. round-bottomed flask, and 
it gives results between four and seven per cent of the 
actual value, ten per cent being the limit acceptable in 
the average class of nonchemistry majors. At Siena, 
physics majors take physical chemistry in their senior 
year, and since their technique in chemistry laboratory 
is apt to be a bit rusty, their results, even with the re- 
fined technique, are often no better than the average 
results obtained by a freshman chemistry class. Labo- 
ratory texts that require elaborate equipment for the 
freshman course demand better techniques than the 
average freshman is able to provide. Thus, it may be 
very discouraging to him to be told that the equipment 
is expensive and yet his experimental! results are poor. 

(2) Wherever possible, quantitative experiments 
should involve the use of unknowns by the student. 
There are several reasons for this. First, it discourages 
unwarranted cooperative effort in the laboratory, since 
each student must take his own data. Second, it makes 
impossible “graphiting” the experiment, since an un- 
known, unless identifiable, provides no way of working 


TABLE 1 
Number 
of Significant 
experiments Quantitative Unknowns jigures 

63 23 No 
38 18 5 Yes 
32 9 2 Yes 
20 13 7 No 
64 10 4 No 
41 25 0 No 
36 12 3 No 
28 12 8 No 
61 30 5 No 


| 
| | 
‘ 


TABLE 2 


(1) Laboratory and its equipment. The burner and glass 
bending (nonquantitative; 1-3 hour period). 

(2) Metric system—all measurements, including density of un- 
known liquids and solids (1-3 hour period). 

(3) Mixtures, pure substances, chemical and physical proper- 
ties (identify unknown mixtures, pure substances and de- 
scription). 

(4) Law of definite of various K, Na, 
and Ag salts to chlorides (unknowns, quantitative measure- 


ment). 

(5) Law of multiple proportion—chlorates and perchlorates 
(measurements—unknowns are possible). 

(6) Preparation and properties of oxygen (non-quantitative). 

(7) GMV of oxygen (i uantitative but no unknowns). 

(8) Molecular weight by modified Dumas method (quantitative 
and unknown). 

(9) Equivalent weight—Mg ribbon (quantitative but no un- 


nowns). 

(10) Equivalent weight, valence by replacement of hydrogen 
quantitative and unknowns). 

(11) Determination of a formula—sulfides of metals (quantita- 
tive and unknowns). 

(12) Formula of a hydrate (quantitative and unknowns). 

(13) Solubility of salts (quantitative and unknowns). 

(14) Standardization of acid-base solutions. Determination of 


basicity of an unknown acid (quantitative and unknowns). 
(15) Molecular weight—cryoscopic (quantitative and un- 


nowns). 
(16) Preparation of a complex compound (quantitative calc. 


yield). 
(17) Purification of a compound (fractional cryst. quantitative 
and unknowns possible). 
(18) Per cent oxygen in air iguantitative). 
(19) weight—ebullisscopic (quantitative and un- 
nowns). 


backward from the expected answer to acceptable 
data. 
Several methods of preparing and distributing un- 
knowns are available. If this can be handled through 
the stockroom, much time and effort will be saved. At 
any rate, the best method involves a set of four-inch 
test tubes, marked with name and desk number. The 
student hands in one marked, clean and dry tube at the 
beginning of the semester. Each time the experiment 
calls for an unknown, the student must provide an 
equally clean and marked test tube in exchange for his 
unknown. A checkerboard test tube rack and a master 
chart are all the equipment needed for distribution. 
The unknowns themselves should be as nearly alike 
in appearance as practicable, to avoid collaboration be- 
tween students working with the same material. Both 
codes and unknowns should be changed frequently. At 
one school there was a definite understanding between 
courses regarding the use of materials. The seniors and 
graduate students working in organic preparations, for 
example, prepared large quantities of liquids and solids 
useful for molecular-weight determinations, while stu- 
dent preparations from the freshman frequently found 
their way to the inorganic preparations for purification, 
recrystallization, and subsequent re-use by the freshman 
class. I might point out that any time a substance is 
prepared by a freshman class, remainders or materials 
prepared should be turned in, yields should be cal- 
culated, and any difference between theoretical and 
actual yields should be explained. That holds as well 
for experiments involving the preparation of oxygen as 
for the preparation of tetramminocupric sulfate. 
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(3) The third point, by no means the least impor- 


‘tant, involves the calculations expected in quantitative 


experiments. In order to illustrate the point, let me go 
back to the molecular-weight determination mentioned 
earlier. A typical data sheet in such an experiment 
would look like this: 


Weight of flask, stopper, andjet.......... 112.56 g. 
Weight of flask, stopper, and jet (cool).... 113.09 g. 
Weight of unknown (cool)............... 0.53 g. 
Temperature of water bath.............. 100°C. or 373°K. 
Barometric pressure.................... 753.4 mm To | 
Volume of flask including jet............ 205.0 ml. T 
Volume of vapor STP: V(STP) = 205.0 X = x = is 
42141645 .0 
233480 0 148 .65826 ml. = 0. 14865826 liter Fra 
Weight of one liter of vapor STP: 0.53/0.14865826 = geo! 
3.565224 clus 
Weight of 22.4 liters of vapor: 3.565224 X 22.4 = of t 


79.8610176 g. T 
Molecular weight = 79.8610176 


As may be expected, the answer is carried to seven . d 
decimal places and thus reported. It is amazing to me b: 
that so few of the laboratory manuals examined make | “ - 
any mention of significant numbers. Some books go | 
into detail about exponentials, logarithms, and even the _ 
use of the slide rule, but they ignore the basic necessity § °°*" 
of teaching the student what to report and why. Most ten 
texts have a little discussion of significant numbers and, § ** 
of course, the second-year student is given ample brief- ae 
ing on this subject in quantitative analysis. However, ' od 
no student should ever leave first-year chemistry with- q 
out a realization of the meaning of significant numbers, fat 
in the laboratory as well as in real life. It should be wo 
pointed out to the students that misuse of significant we 
numbers can twist the meaning of everyday statistics a 
and figures. 
At Siena, significant figures are taught to all the fresh- a “ 
men in all the science courses: chemistry, physics, 
general science. A report is severely downgraded when diay 
a quantitative measurement is reported with the wrong its 
number of significant figures. = 
In addition to the correct use of significant figures, all = 
science majors at Siena must own and use a slide rule at nat 
the very start of the first semester of their freshman er 


year. In the above experiment at the elementary level 
all the calculations could be carried out by means of the 
slide rule and would result in no loss of accuracy since 
it can be read to three figures. 

There is available a sufficient number of quantita- 
tive experiments to enable the instructor to choose a 
sequence of from 13 to 15 experiments, most if not all of 
which are quantitative in nature, and most of which in- 
volve unknowns or at least results which must be cal- 
culated. 

I have developed a sequence of experiments, shown 
in Table 2 which I believe embodies the sentiments ex- 
pressed here. Finally, in the words of an ex-professor 
of mine, laboratory work should emphasize the first five 
letters rather than the last seven letters of the word. 
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To the Editor: 

The editorial which appeared in the August, 1955, 
issue of THIS JOURNAL makes several statements that 
sound very much like throwbacks to the days of Saint 
Franklin when political expediency found it advanta- 
geous to set up Industry and Business as wicked, ex- 
clusive fraternities that lived in luxury at the expense 
of the “‘ peepul.” 

Two such statements are: 

(1) ‘For many years industry has been contracting 
a debt to education. Now the payoff is beginning.” 

(2) “Industry gets direct benefits [from education] 
which it has no right to get for nothing.” 

It is doubtless true that educational institutions 
need financial help; that many students need financial 
assistance to get a higher education; that many 
teachers are not paid attractive salaries; that basic 
research should be stimulated, and so on. But the 
assertions above have nothing to do with the problems. 

In an industrial civilization like the one we live in 
today, industry is everybody. Industry is you and me 
and the editor of JourNaL. Industry is the 
farmer who cultivates more acres with fewer man 
hours because someone’s education provided him with 
machinery, gasoline, oil, and electricity. Industry is 
the Old Folks’ Home, whose income may be partly 
from stocks and bonds or pensions (from industry). 
Industry is the physicians who have better tools to 
diagnose and treat disease. Industry is the many 
people who are paid higher salaries because they have 
an education. Industry today is transportation, 
communication, gas and electric power, public health, 
national defense, and so on, ad infinitum. It might be 
much easier to show that everybody “‘owes a debt to 
education” than to show that “industry” is getting rich 


on a something-for-nothing deal. It might even be 
fruitful to reopen discussion on whether an educational 
system controlled by industry is any more to be desired 
than one controlled by the Federal Government. 

So, “never send to find for whom the bell tolls. It 
tolls for thee.” 


D. ADAMS 
Tue ANDREW JERGENS CoMPANY 
CINCINNATI, OHIO 


To the Editor: 


I was very much interested in the article by George B. 
Kauffman, “Frédéric Swarts: pioneer in organic fluo- 
rine chemistry,” in the June issue of TH1s JOURNAL. 
While I was at the University of Ghent I was fortunate 
enough to be Swarts’ student and to work with him for 
two of my four years there. 

Swarts was not only a great scientist, but also an out- 
standing educator. His explanations of the most obtuse 
subjects could be followed without difficulty, and his 
visible enthusiasm for learning the secrets of nature 
was contagious. As a speaker he was never remote 
and authoritative, but was constantly aware of every 
feeling and reaction of his audience; consequently he 
always knew just when a light remark or a joke was 
needed to relieve tension, after which he could master- 
fully bring attention back to the subject at hand. 

Swarts’ lectures were popular even with students 
from other departments, and as a result his lecture 
room was often overcrowded. Although distant and 
retiring in the laboratory, he was always ready to ex- 
plain any scientific question fully; these explanations 
were in themselves authoritative and fascinating lec- 
tures. The use of his two textbooks, “Chimie In- 
organic” and ‘‘Chimie Organic,” extended far beyond 
the boundaries of Belgium; the books appeared in 
several editions. 

All of Swarts’ students revere the memory of this 
great scientist and teacher who could inspire interest 
and develop the true scientific spirit in his students. 
He has been an example to me in my own teaching 
career. 


Joun C. Rueis 
Cuicaco, ILLINoIs 


“Demonstrations, science clubs, science fairs, audio-visual] devices, field trips, textbooks, and other 
aids have a place in the resourceful teaching of science. 

“But when the laboratory and its emphasis on the investigative of research-type exercise dis- 
appears from day-in, day-out science teaching, then the heart and chief inspiration of science as a 


form of human endeavor have been lost.” 


Rosert H. Carueton, Executive Secretary, National Science Teachers Association 


— 


* THE COLLOID CHEMISTRY OF SILICA AND 
SILICATES 


Ralph K. Iler. Cornell University Press, Ithaca, New York, 
1955. xii + 324 pp. 62 figs. 20 tables. 16 X 23.5 cm. 
$5.50. 


Tue style and approach of the nine chapters in this book re- 
flect their origin as the George Fisher Baker nonresident lec- 
tures delivered at Cornell University in the spring of 1954. 
“Tn the lectures and in this book, an attempt has been made 
to assemble and correlate information relating to the behavior 
of silica and silicates in the colloidal state so as to present a 
coherent picture of such pertinent phenomena as solubility, 
formation, and behavior of colloidal particles and surface chemis- 
try of the solid phase. In addition, since there did not seem to 
be available a general survey of the occurrence of soluble and 
colloidal silica in biological systems, the brief review presented 
in Chapter IX seemed to be in order.” 

The attempt at « coherent theory leads to a refreshing willing- 
ness to speculate, and on page 36 Iler rejects the firm phase 
equilibrium approach, since “this view does not throw any light 
on the mechanism by which the polymerization of silicic acid 
takes place ...,’’ with the hope, on page 26, that “assuming 
the proper structure of the polysilicate ion, may eventually 
permit a calculation of the average molecular weight and size 
distribution of the polysilicate ions in sodium silicates of dif- 
ferent SiO2:Na,0 ratios.”’ 

Chapter I, The Silica-Water System, reviews what is known 
of the solubility and deposition of SiO. in water. Chapter 
II, Soluble Silicate, takes up in detail the speculative theory 
of structure in solution which Vail avoided in his recent mono- 
graph of the same name. Chapter III, The Chemistry of 
Silicic Acid, continues in the same vein to relate a wide selection 
of references on the polymerization and reactivity of silica in 
solution. In the discussion of salting-out phenomena, this re- 
viewer was surprised that the more modern theory of coagulation, 
used on page 110, for example, was not employed here. Chap- 
ter IV, Esters of Silicic and Polysilicie Acid, is a short chapter 
summarizing the characteristic structures of siloxane polymers. 

Chapter V, Colloidal Silica, covering sols with particles 
in the one to 100 millimicron range, and Chapter VI, Amorphous 
Gels and Powders, reflect the author’s work in this field and 
are the most rewarding in the book. A good working interpre- 
tation of the preparation and properties, with a brief resumé 
of uses is presented. On page 119 there is an error in the dosage 
of activated silica by Baylis in treating water. At least 60 lbs. of 
silica per million gallons of water, and usually more, is needed. 
Also, the reference to “ferrous sulfamate’’ on the same page 
should read “ferric sulfate.” 

The question of the existence of true silicic acids is not clearly 
settled (pp. 154-6). There seems to be good reason for assuming 
the formation of definite crystals by exchange from crystalline 
polysilicates. The so-called sodium tetrasilicate might have been 
mentioned in addition to sedium disilicate and the various mineral 


silicates. On page 160 there is a rather obvious reversal of 
Weiser’s differentiation of gels and precipitates. A gel encloses 
all the liquid. 


Chapter VIII, Colloidal Silicates, is a fine review of the basic 
properties of clays, zeolites, etc., as related to their structure, 
and in particular includes an excellent discussion of tubular 
silicates illustrated with electron micrographs. Chapter VIII, 
Surface Chemistry of Silica and Silicates, is related to the SiIOH 


group in a standard approach. A similar review of the literature 
on silica used as a grease filler and the activity of catalytic 


siliceous gels is probably not available elsewhere. Chapter IX, 
Silica in Living Organisms, also brings together in a review, 
many references not duplicated elsewhere which should be 
useful in suggesting further investigation. 

Dr. Iler has accomplished a welcome compilation and correla- 
tion of a wide range of investigations involving silica. He has 
succeeded in presenting the results in a reasonable relation- 
ship which should increase the insight of those interested in 
the chemistry of silicates and silica sols. The high quality 
of the 62 illustrations, the absence of errors, and the typography 
should also be mentioned. 

JOHN H. WILLS 


PHILADELPHIA QUARTz COMPANY 
PHILADELPHIA, PENNSYLVANIA 


* GENERAL CHEMISTRY 


L. E. Steiner and J. A. Campbell, Professors of Chemistry, 
Oberlin College. The Macmillan Co., New York, 1955. x + 
673 pp. 87 figs. Tables. 16 X 24cm. $6.50. 


OF THE many new texts of general chemistry that have ap- 
peared since World War II, only a few can be called exceptional in 
character. This volume definitely is in that category. It should 
be on the study desk of every teacher of general chemistry to 
show that new approaches to the teaching of general chemistry 
are possible. The volume is a definite break with many of the 
accepted traditions of teaching general chemistry. Many teach- 
ers should be challenged to try the volume in their own classes. 

In this text, chemistry is presented as a science. The student 
is expected to think and learn rather than to merely memorize 
and possibly think. This is achieved “by continual emphasis on 
the interpretation of properties and reactions in terms of struc- 
tural relationships.’”’ These structural relationships involve not 
only electronic structures of the elements and their compounds 
but also bond lengths and angles. The mere descriptive aspect 
of chemistry is de-emphasized. Reasons for significant proper- 
ties are continuously presented. Thus, the greater rate of 
solution of sulfur dioxide in water as compared with carbon 
dioxide is ascribed to the fact that water can react with sulfur 
dioxide molecules more readily for geometrical reasons because 
it has a “bent molecule’ (page 410). The brittle micas are 
harder than the soft micas because the silicate ‘‘sheets are held 
together by Ca*+* ions which are smaller and more highly charged 
than the Kt ions” (page 549). Frequent use is made of draw- 
ings of scaled models. On page 363 there are drawings to show 
molecular structure to scale of nitrous oxide, nitric oxide, nitrogen 
dioxide, and the nitrate ion. If molecular models are not used, 
formulas are frequently written to bring out structure. Thus, 
sulfur and phosphorus are indicated by the formulas 8, and P.. 
chlorie acid is given the formula HOCI1O2, not HC1O;, and per- 
chlorie acid is HOCIO;, not HC1O,. 

This volume proves that a new order of topics which breaks 
with tradition can be used to present effectively a sturdy frame- 
work for the study of chemistry. Thus, after a preliminary dis- 
cussion of the principles of chemistry, the discussion of water is 
presented in Chapter 5 in terms of the structure of the water 
molecule. The atmosphere is considered in Chapter 6. Chap- 
ter 7 deals with carbon and elementary crystal chemistry. The 
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structure of hydrocarbons, carbon monoxide and dioxide, and 
fuels are presented in Chapter 8. The study of gases and kinet- 
ic theory lead to a systematic consideration of the periodic 
table in Chapter 12. This includes the long form of the table 
showing the relative sizes of atoms and ions. Nuclear structure 
comes in Chapter 13 preceding the electronic structure of atoms 
(Chapter 14). The discussion on types of chemical bonds in 
Chapter 15 is superbly done. This is enough to indicate that the 
authors have been building a strong foundation for their presen- 
tation of elements and compounds. The first elements to be 
studied thoroughly are those of the sulfur family. The study of 
the elements and their important compounds is always done in 
terms of family groupings in the periodic table. However, the 
cyclical presentation of the fundamentals of chemistry continues 
throughout the volume. Thus, there is further study of radio- 
isotopes and nuclear changes in Chapter 21. The volume closes 
with 61 pages devoted to carbon compounds, including important 
aspects of biochemistry—nutrition, hormones, vitamins, trace 
elements, etc.—and such topics as carbohydrate metabolism. 
The student who takes no more chemistry will have a good intro- 
duction to organic chemistry. 

The authors have not hesitated to “ditch” much of the tradi- 
tional treatment of many topics and terms in chemistry which are 
not in line with modern concepts or modern trends in the teach- 
ing of chemistry. Hence, they consistently speak of ‘molar 
weights” and ‘‘molar volumes” rather than the outmoded and 
objectionable G.M.W. and G.M.V. The treatment of atomic 
weights includes a discussion of the unit for actual atomic weights, 
the “avogram’’— '/,, of the average mass of oxygen atoms or 
1.6601 X 10-%4 grams. The conventions as to electrode poten- 
tials follow the IUPAC recommendations rather than the current 
American practice. Consequently, the half-reactions are ar- 
ranged in an order of increasing tendency for the ions to gain elec- 
trons with the oxidized state on the left. This reverses the sign of 
the standard potential as usually given in American texts. The 
most vigorous oxidizing agents are at the left and bottom while 
the most vigorous reducing agents are at the right and top of the 
column of half-cell reactions in the e. m. f. series. The authors 
have been very courageous in adopting this convention in that it 
is a complete departure from current practice. Moreover, there 
is much to be said in favor of their convention. In effect they 
are using the standard hydrogen reference electrode to establish 
both the magnitude and the sign of all electrode potentials. 
This potential is the e. m. f. of a cell which combines a given 
half-cell reaction with a standard hydrogen electrode placed on 
the left. This follows the recommendations of the Commission 
on Physico-Chemical Symbols and Terminology and the Commis- 
sion on Electrochemistry of the International Union of Pure and 
Applied Chemistry. 

The format of the volume is pleasing and the illustrations are 
excellent. The reviewer noticed very few errors. The most 
serious criticism is one that can be relatively easily removed in 
the second printing. The indexing is inadequate. Thus, such 
important terms as atomic number, A number, Z number, hypo- 
chlorous acid, hydronium ion, hydrogen ion, and pH were not 
found in the index though in use in the text. 

With the incorporation of much new material on structure, 
some material usually presented in general chemistry texts has 
had to be curtailed or omitted. Thus, the reviewer found no dis- 
cussion of pH or normal solutions. The authors frankly admit 
in their preface that teachers using this book will have to present 
selectively only certain sections of the volume. In this way 
the range of content can vary from instructor to instructor, but 
the continuous emphasis on the relations of properties and uses to 
electronic and geometrical structure should result in a total pat- 
tern for viewing chemistry that students can apply long after 
they have finished their first course in chemistry. 

The reviewer repeats a part of his first paragraph: This is an 
exceptional text. It should be in the hands of every teacher of 
general chemistry. 


CONRAD E. RONNEBERG 
Denison UNIVERSITY 
GRANVILLE, OHIO 
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e LABORATORY EXPERIMENTS IN GENERAL 
CHEMISTRY 


J..A. Campbell and L. E. Steiner, Professors of Chemistry 
Oberlin College. The Macmillan Co., New York, 1955. viii + 
216 pp. 32figs. 20.5 X 27.5cm. Paperbound. $3. 


Tus manual is designed to serve as the basis for two semesters 
of laboratory work in general chemistry. The experiments are 
well designed to bring out (1) fundamental principles of chemis- 
try, such as the determination of molar weights of gases, liquids. 
and soluble solids, the determination of equivalent weights of 
metals or acids, etc.; (2) the significant reactions and properties 
of inorganic elements and compounds; and (3) the chemistry of 
semimicro qualitative analysis—not less than 12 weeks. This 
manual can be used with any college general chemistry text. 

Some of the principal features of this manual are that: (1) 
the student is expected to design experiments, with guidance, and 
make discoveries for himself rather than verify what he already 
knows; (2) the experimental “‘setups’’ are very simple and require 
no great manipulative skill on the part of the student; (3) many 
of the experiments are only briefly outlined compelling the stu- 
dent to work out his own procedures; (4) detailed discussions of 
the theory back of individual experiments are largely absent, 
thus requiring a maximum of teaching or reliance on the class 
work; (5) there is complete absence of a ‘‘work-book format’’— 
the student is expected to write up his own reports; and (6) a 
large fraction of the experiments are on a test-tube scale—fre- 
quently quite novel and pertinent, like the use of ammonia solu- 
tion on heated copper oxide to illustrate reduction by ammonia. 

The experiments are very carefully planned in sequence to 
serve as the experimental basis for any general chemistry course. 
The experiments correlate the work of the entire year, with about 
one-third of the year devoted to simple qualitative analysis. 
This manual should be examined by all teachers of general chem- 
istry who wish to break away from the lock-step, workbook type 
of manual and have the student assume some responsibility for 
his own work in the laboratory. 


CONRAD E. RONNEBERG 
Denison UNIVERSITY 
GRANVILLE, OHIO 


» ELSEVIER’S ENCYCLOPAEDIA OF ORGANIC 
CHEMISTRY. SERIES III: CARBOISOCYCLIC 
CONDENSED COMPOUNDS. VOLUME 14— 
SUPPLEMENT: NOR-STEROIDS; STEROIDS; 
HYDROCARBONS; HALOGEN, NITROGEN, AND 
UNSUBSTITUTED MONOHYDROXYL COMPOUNDS 


Edited by F. Radt. Elsevier Publishing Company, Houston, 1954 
xxxix + 664 pp. 18.5 x 25.5 cm. $36 for set subscribers, 
$42 for subscribers to Series III, $48 for single copy. 


EARLIER volumes of Elsevier’s Encyclopaedia have received 
many well deserved complimentary reviews. This supplement 
to Volume 14 maintains the standards of excellence which have 
been set previously. re 

Volume 14 originally covered the literature of stercids and triter- 
penes up to 1936. In the decade 1937-46 which the Supplement 
covers, the great expansion of the literature of steroids makes 
it impossible to cover this field alone in one bound part. The 
present volume includes the nor-steroids, thesteroid hydrocarbons, 
and their halogen, nitrogen, and unsubstituted monohydroxy] 


’ derivatives. The nor-steroids are compounds in which one 


or two of the six-membered rings of the 1,2-cyclopentenophenan- 
threne ring system have become five-membered. 

It is stated that ‘the literature has been consulted up to and 
including 1946, the literature concerning the structure and con- 
figuration of compounds up to 1954.”’ The coverage is, however, 
more complete than this statement might imply. The practice 
has been continued of including literature references relating to 
structural changes up to the latest possible date, and those deal- 
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ing with configuration have also been incorporated. For example, 
most of the 1953-54 references to the absolute configuration of 
steroids are given in the section on nomenclature and stereo- 
chemistry. 

Although the literature prior to 1937 was covered in the original 
volume, a considerable portion of this has acquired new sig- 
nificance in the light of more recent developments and has been 
referred to in this Supplement. [Illustrative of this thorough 
treatment is the section of more than 100 pages on cholesterol. 
Of the nearly 1100 references, approximately one-third are to 
the literature prior to 1937. As in previous supplementary 
volumes, references to the patent literature have been incorpo- 
rated. 

With respect to nomenclature, the aim has been to make a 
selection from the nomenclatures in use during the period covered 
(1937-46), combining elements from several of them as necessary. 
The system used is outlined in the introduction. In general 
this appears to be satisfactory. There are, however, a few minor 
changes in steroid nomenclature recommended more recently 
which could have been profitably introduced. 

The editors and publisher are to be congratulated on the ex- 
cellent organization of material, format, printing, and general 
appearance of the volume. 

It is of interest to note that this volume, ‘Steroids, Part I,” 


- is the fourteenth part of the work to appear. Publication is 


proceeding at the rate of about 2000 pages per year. The pub- 
lisher has made the Encyclopaedia available on a deferred 
payment plan. 


GEORGE H. COLEMAN 
Wayne UNIVERSITY 
Derroit, MicHIGAN 


* ADVANCES IN PROTEIN CHEMISTRY. 
VOLUME IX 


Edited by M. L. Anson, Lever Brothers Co., Kenneth Bailey 
University of Cambridge, England, and John T. Edsall, Harvard 
University. Academic Press, Inc., New York, 1954. viii + 542 pp. 
Illustrated. 16 X 23.5cm. $10.50. 


THE appearance of another volume in this well-established set 
of reviews re-emphasizes the fertility of protein research and the 
rate at which data are accumulating as a result of this research. 
The present volume contains eight selected topics covered by 12 
prominent investigators. These topics are considered in the 
order in which they appear in the book. 

The first represents a new trend in subject matter for these 
reviews, and allows the reader to anticipate the appearance of 
similar material on other amino acids in future volumes. ‘The 
metabolism of glycine,” by H. R. V. Arnstein, represents one of 
the most comprehensive treatises on the subject that is currently 
available. Listing a total of 445 references, the author effectively 
presents his ‘‘discussion of the occurrence of glycine in proteins 
and tissues and its metabolism by higher animals.” Under- 
standably, it is difficult to decide in parts of the metabolic con- 
siderations whether the amino acid glycine or serine is being 
reviewed. An excellent subdivision of this chapter considers 
glycine as an intermediate in the biosynthesis of important com- 
pounds, which section stresses, in many instances, the growing 
recognition of 6-aminolevulinic acid as an important intermediary 
metabolite. After perusal of this fine review by Dr. Arnstein, 
one is impressed with the wide gaps which still remain in the 
knowledge of this, the simplest of amino acids. The author has 
not hesitated to present fully the controversial issues and the 
unsettled problems. 

A short review follows by M. I. Chalmers and R. L. M. Synge 
on “The digestion of protein and nitrogenous compounds in 
ruminants.” By outlining the evidence obtained from direct 
study of rumen function as well as from feeding experiments, 
the fundamental conclusion is presented that excessive attention 
has been centered on “‘the substitution of nonprotein nitrogen for 
protein in ruminant diets, to the neglect of study of the ec- 
onomical use of pre-existing protein.” The point is noteworthy. 
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Ina remarkably efficient manner the general methods of resolu- 
tion as applied to the various individual amino acids are pre- 
sented by J. P. Greenstein in the chapter, ‘The resolution of 
racemic a-amino acids.” Coupled with the pages covering the 
criteria of optical purity and certain aspects of molar rotation, 
this review will unquestionably be invaluable as a reference 
source in research. 

The assembling of information on ‘‘Naturally occurring trypsin 
inhibitors” in a separate review is done by M. Laskowski and M. 
Laskowski, Jr. A survey of these inhibitors, their properties, 
and their reactions with trypsin and other enzymes is, indeed, 
interesting and stimulating. It could well be, however, that the 
type of reaction exemplified and considerations pertinent to the 
same could more justifiably have been included in a subsequent 
chapter in this volume, namely, ‘‘Protein-protein interactions.” 

The title, “The formation, composition, and properties of the 
keratins,” by W. H. Ward and H. P. Lundgren, accurately de- 
scribes the contents of their review. The information included 
is used to point out relationships to the present concept of keratin 
structure, and is of distinct value in any general consideration 
of proteins. 

The last three reviews fall somewhat together. They are 
“The molecular structure of simple substances related to pro- 
teins,” by S. Mizushima; ‘Protein-protein interactions,” by 
D. F. Waugh; and “Physicochemical and biological aspects of 
proteins at interfaces,” by D. F. Chessman and J. T. Davies. 
All three stress the structural aspects of proteins. In the first, 
model compounds are used to gain some insight into problems 
dealing with bond lengths and bond angles, cis-trans configura- 
tions, entropy differences, etc. The review by Dr. Waugh con- 
siders only protein-protein interactions (not proteins with other 
compounds) “in terms of the variety of bond types possible.” 
Embodied in such considerations are covalent bonds, electrostatic 
interactions, and van der Waals’ attractive forces. Similar 
items are stressed relative to protein and polypeptide films in the 
last review of this group. 

Valuable illustrative material is included in each contribution. 
Technical production is excellent except for a rare mispelled or 
repeated word. This volume meets the high standards main- 
tained throughout the entire preceding series and very adequately 
takes its place as Volume IX. 


EUGENE E. DEKKER 
University or ScHoon or MEDICINE 
LovIsvILLE, KENTUCKY 


© INDUSTRIAL AND MANUFACTURING CHEMISTRY. 
PART I: ORGANIC. PART II: INORGANIC, 
VOLUMES I AND II 


Geoffrey Martin. Part I: Seventh edition. Revised by E. I. 
Cooke. xxi + 752 pp. 240 figs. Many tables. Part II: 
Sixth edition. Revised by Wilfred Francis. Volume I: xxiii + 
600 pp. Volume II: xxi + 491 pp. Many figs. and tables. 
Philosophical Library, Inc., New York, 1955. 16.5 « 25 cm. 
$50 for set. 


In THE third edition of his works in 1920, Geoffrey Martin 
wrote about the caustic-chlorine industry: ‘Within the last 
two decades a large industry has arisen out of the electrolysis of 
the alkali chlorides, etc.” In the 1955 edition he still says: 
“Within the last two decades a large industry has arisen out of the 
electrolysis of the alkali chlorides, etc.’ Consistent, isn’t he? 
A careful examination of the chapter devoted to this important 
industry shows that the material in the 1955 edition is exactly 
the same as the 1920 edition, except that at the end of the old 
material 2.5 pages of new material have been added. The latest 
reference given is 1948. 

In general, the revision or modernization of the older edition 
has been accomplished by addition of pages at the end of the older 
material, and numbering the pages as 380, 380a, ete. Little new 
material has been added. 

Some chapters that have been revised by some of the assistants 
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show more extensive changes. Section X, the Technology of 
Water, revised by W. Francis, shows new references as late as 
1949. The acknowledgment is identical, as is much of the other 
material. Ozone and lime-soda softening have been rewritten 
and expanded, and the chapter is lengthened by five pages 
(194a to 194f). 

Part I, Organic, seventh edition, 1952, was revised previously 
(J. Cuem. Epuc., 30, 268 (1953)). Now Part I, seventh edition, 
appears with a 1955 publication date. Anyway, it is all the same 
material. 

The conclusion of the 1953 review will be extended to include 
Part II: These books outlived their usefulness after the 1922 
edition. 


KENNETH A. KOBE 
University or TExAs 
Austin, Texas 


* MATHEMATICS FOR THE CHEMIST 


G. J. Kynch, Professor of Applied Mathematics, University 
College of Wales. Academic Press, Inc., New York, 1955. vii + 
364 pp. S8lfigs. 14.5 X 22.5cm. $4.80. 


Tuts book is written to aid research chemists, physicists, 
and chemical engineers in applying mathematical principles in 
their work. It accomplishes this by furnishing a large number of 
examples using experimental data grouped according to the 
mathematical topic being applied, and is unique in that it presents 
material for many branches of mathematics that can be applied 
to analysis of data in the fields mentioned. The treatment is 
designed for review and reference use rather than as an intro- 
duction to any of the topics treated. Many solved and unsolved 
examples are provided, some in abstract form and others in 
chemical terms, 7. e., equations of state, equilibrium constants, 
rate expressions, specific heat expressions, and wave equations. 
The following list of chapter headings indicates the scope of the 
book: Introduction, Approximate Solution of Equations, Se- 
quences and Limits, Differentiation, Applications of Differentia- 
tion, Rational Functions, Circular Functions, Exponential, 
Logarithmic and Hyperbolic Functions, Properties of Curves, 
Integration, Methods of Integration, Integrals, Series, Complex 
Numbers, Differential Equations, Functions of Several Variables, 
Surface and Volume Distributions, Determinants, Vectors, 
Partial Differential Equations. An excellent bibliography is 
supplied at the end of each chapter. 

At first glance, the practicing chemist who has made lim- 
ited use of his mathematics since college days may classify 
this as too technical for his needs. However, more careful 
examination will indicate that the author has, at each level from 
algebra through vectors and partial differential equations, pre- 
sented a concise exposition followed by extensive examples, in 
such a way as to refresh and clarify the chemist’s mathematical 
understanding. 

This book should be of real value in helping to bridge the gap 
between the theoretical mathematics and its applications in the 
physical sciences. 


ROBERT D. ROWE 
San Digco Strate 
San CALIFORNIA 


® MODERN TECHNICAL WRITING 


T. A. Sherman. Prentice-Hall, Inc., New York, 1955. 
pp. $6.35. 


Eacu of the several recent books on technical writing has fea- 
tures lacking in the others. Kerekes and Winfrey’s “Report 
Preparation” (Iowa State College Press, second edition, 1951) 
is full of illustrative matter; Ulman’s “Technical Reporting” 
(Holt, 1952) has rapid-fire brevity useful as a desk companion; 
and Nelson’s “Writing the Technical Report” (McGraw-Hill, 
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third edition, 1952) has a fine section on paragraphs and outlines. 
This newest book, “Modern Technical Writing,” by Sherman, 
has features not included in the others. 

After the introduction, the second text chapter stresses ef- 
fective organization, basing all technical writing on logical out- 
lining, and picking out such difficult topics as parallel treatment 
of points, logical arrangement and allotment of space, and clarity. 
Students find this basic logical analysis very difficult, and on this 
failure follow most of their others. Sherman’s emphasis should 
help to overcome this. 

Abstract principles of organization are very hard to apply to 
concrete writing problems, however, and the well-phrased sec- 
tions on ‘the process of preparing an outline” and “checking an 
outline for errors” would have more impact with some brief exam- 
ples added. Other parts of this chapter make use of good exam- 
ples. 
Second only to organization, Sherman emphasizes effective 
style; he omits general strictures on grammer to concentrate here 
on direct, concise, simple, concrete writing designed to convey 
technical] ideas in language surest of reaching its readers. Gen- 
eral guidance in grammar is given in a “handbook of fundamen- 
tals” at the end of the book, and both of these sections are com - 
mendably fundamental indeed. Following organization and 
style, the book briefly discusses mechanical form; judging from 
student errors this section could have been longer. On the other 
hand, certain other texts emphasize this point at the expense of 
points Sherman stresses. 

Selection of a course textbook is sometimes hard if good books 
are few; sometimes because they are plentiful. There are many 
good books on technical writing, but no instructor can afford to 
overlook Sherman for his impact, emphasis, and examples. 


D. A. REDMOND 
Nova Scotia CoLLeGe 
Haurreax, N. S., CANADA 


* PHYSICAL CHEMISTRY 


Walter J. Moore, Professor of Chemistry, Indiana University. 
Second edition. Prentice-Hall, Inc., New York, 1955. xii + 
633 pp. 206figs. 77tables. 15.5 X 23.5cm. $7.50. 


Tue growth of science has made the selection of subject matter 
for a textbook a difficult problem. For physical chemistry, 
which is no exception, one solution is to subdivide, to introduce 
a new title, such as “Chemical Phvsics,” and include thereunder 
such topics as spectroscopy, atomic structure, and chemical 
statistics, leaving more traditional subject matter, such as 
thermodynamics, kinetics, and electrochemistry, to constitute 
physical chemistry. An alternative is to compress traditional 
subject matter drastically to make room for some of the newer 
developments. 

In ‘Physical Chemistry ,”’ Professor Moore has tended to follow 
the latter course, but he has gone further, assuming such a high 
degree of chemical, physical, and especially mathematical matur- 
ity on the part of the student that he has been able to omit much 
explanatory preliminary material and plunge vigorously into some 
fairly complex ideas. 

Even a moderately bright student, with mathematics through 
calculus, a year of physics, and two years of college chemistry 
behind him, will find this book a rich diet indeed; but the very 
bright student with this much preparation or more will find it a 
guide to some exciting intellectual adventures. Whether or not 
a particular teacher will find it satisfactory as a text will depend 
upon how many only moderately bright students he has in his 


class, on the amount of extra time he is willing and able to devote 


to the slower ones, and on where his philosophy of education 
really leads him in finding a solution to the problem of how far 
to go in challenging the very best students when this action may 
invite disaster for some who are only fairly good. For the 
average group of students taking physical chemistry in college 
another book would probably be more suitable. 

In the preface, the author says: “The difficulty in elementary 
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physical chemistry lies not in the mathematics itself but in the 
application of simple mathematics to complex physical situations. 
... The derivations are important because the essence of the 
subject is not in the answers we have today, but in the procedure 
that must be followed to obtain these and tomorrow’s answers.” 
There is no quarrel with this view, but some of the mathematics 
included is far from “simple,’”’ and even so there are places where 
mathematical difficulties make it necessary to omit parts of der- 
ivations. Compromise with completeness in such a book is al- 
ways necessary; in this one, the “compromise” is at a fairly 
high level. 

Next to the level of maturity, the most notable feature of the 
book is the historical approach. Not only are many of the sub- 
jects introduced with an account of their historical background, 
but they are developed in such a way as to make clear that the 
ideas in question are still being formulated and revised. 

The book contains more than can be covered in two semesters. 
The chapters on atomic and nuclear physics are designed as 
background reading, and not even all the rest can be covered 
thoroughly in two semesters, or probably even in three, unless 
the students are far better grounded in mathematics and physics 
than one has any right to expect of undergraduates. But, al- 
though the book is unified and progresses with considerable 
logic from one subject to another, appropriately selected sections 
can be omitted. 

The second edition differs very little from the first. There are 
some errors, and numerous places where a good case can be made 
for treatment different from that given, but on the whole the 
book is well and skillfully written. 

In view of the large number of symbols used and especially of 
the necessity on occasion of using the same letter to signify 
different quantities, a glossary of symbols would be helpful. For 
those few who want to use such a book for self-education, the 
problems would be more useful if some answers were given. 


WILLIAM E. CADBURY, JR. 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


® THE CHEMISTRY OF SYNTHETIC DYES AND 
PIGMENTS 


Edited by H. A. Lubs, Organic Chemicals Department, E. I. du 
Pont de Nemours & Company. A. C. S. Monograph No. 127. 
Reinhold Publishing Corp., New York, 1955. xiv + 734 pp. 
15.5 X 23.5cm. $18.50. 


Tuts critical, compact, and up-to-date mongraph has been writ- 
ten by men who have spent the major portion of their pro- 
fessional careers in the field of dyes, pigments, and related 
intermediates. While no attempt has been made to treat the 
subject in the encyclopedic manner, it is obvious that every major 
type of dye and organic pigment has been described adequately. 
The editor makes appropriate reference to the importance of the 
dye industry in the American economy where it serves as a full 
reservior of organic chemicals from which we may expect 
important future developments. 

Following 100 pages of discussion of the important dye inter- 
mediates related to benzene and naphthalene, the following 
specific topics are considered: Azo Dyes (84 pp.), Azoic Dyes 
(46 pp.), Sulfur Dyes (32 pp.), Anthraquinone Dyes and Inter- 
mediates (215 pp.), Indigoid Dyes (25 pp.), Phthalocyanine Dyes 
and Pigments (47 pp.), Organic Pigments (36 pp.), and 
Miscellaneous Types (73 pp.). The treatise concludes with a 
concise discussion of Color and Chemical Constitution (26 pp.), a 
list of important sulfonic acid intermediates, and a very welcome 
critical bibliography arranged according to the specific topics 
previously considered in detail. 

The publisher’s allegation that this work is the ultimate in dye 
chemistry probably would have gone unchallenged had this 
volume appeared in 1951. The existence of Venkataraman’s 
two-volume treatise, published in 1952, makes some sort of com- 
parison advisable, however. The Lubs work does not include 
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specific chapters devoted to the measurement of color or to the 
classification, application, and analysis of dyes, which are found 
in Venkataraman. It does contain a chapter on organic pigments 
and a critical bibliography which are not found in Venkataraman. 
Because it contains only half as many pages as the earlier work, 
it is obvious that the Lubs work must omit some detail. In this 
reviewer’s opinion all libraries should possess both treatises; 
the individual purchaser may pay $29.50 for 1442 pages (Venka- 
taraman) or $18.50 for 734 pages (Lubs). Unless he be an expert 
in a particular phase of dye chemistry it is not likely that he will 
have any firm preference for either work, taking into considera- 
tion their relative size and cost. 
EDWARD R. ATKINSON 


Dewey AND Atmy CHEMICAL Co. 
CAMBRIDGE, MASSACHUSETTS 


e CATALYSIS. VOLUME II: FUNDAMENTAL 
PRINCIPLES (PART 2) 


Edited by Paul H. Emmett. Reinhold Publishing Corp., New 
York, 1955. vi + 473 pp. 61 figs. 53 tables. 15.5 xX 23.5 
em. $12. 


Tuts book is the second of a series dealing comprehensively 
with catalysis. The editor Paul H. Emmett is well known for his 
research and contributions in the field of catalysis. The first 
hundred pages, written by W. B. Innes, deals with heterogeneous 
catalytic vapor-phase reactions in a systematic manner, and 
makes intensive use of tables to present a large number of litera- 
ture references. This chapter brings up to date the compilation 
begur in “Catalysis” by Berkman, Morrell, and Egloff, and 
includes pertinent comments. The second chapter, by A. 
Wheeler, deals authoritatively with reaction rates and selectivity 
in catalyst pores. This chapter provides a physical and mathe- 
matical picture of reactions in catalyst pores and also discusses 
experimental techniques and several catalytic reactions. The 
next two chapters, comprising about one-fifth of the text, are 
written by H. M. Hulburt. Chapter 3 deals with the nature of 
catalytic surfaces from the electronic viewpoint of modern solid: 
state physics. Current theories are capably discussed with respect 
to semiconductors, metals, and dislocations. Chapter 4 is con- 
cerned with the nature of complexes on the surfaces of catalysts 
such as oxides, metals, promoted metals including alloys, and also 
with the problems of surface heterogeneity. Chapter 5, which 
presents the general theories of heterogeneous catalysis, is writ- 
ten by R. B. Parlin, M. B. Wallenstein, B. J. Zwolinski, and Henry 
Eyring. In this chapter such subjects as adsorption, the nature 
of the activated complex, and the nature of the catalyst itself are 
treated from such standpoints as thermodynamics, kinetics, 
statistical mechanics, absolute rate theory, and current theories of 
the solid state. The last chapter, by E. L. King, deals compre- 
hensively with catalysis in homogeneous reactions in a liquid 
phase, and takes up about a quarter of the book. In this chapter 
theories of kinetics, rate laws, and reaction mechanisms are 
discussed along with acid-base catalysis, effects of medium and 
complexing agents, catalysis in redox reactions, negative cataly- 
sis, and miscellaneous examples. 

This text presents an up-to-date appraisal of the current 
status of the above-mentioned and related topics, and completes 
the consideration of fundamental principles initiated in Volume I. 
The present volume maintains the high standards set by the first 
volume and the authors have rendered an important service in 
classifying, coordinating, and criticizing a vast amount of material. 
The publication of these two volumes should serve as a strong 
stimulus to further research, which is urgently needed in order 
to develop adequate theories and to evaluate the numerous, at 
present conflicting points of view. Anyone having a serious in- 
terest in catalysis will want to be familiar with this text, and the 
forthcoming volumes of the series will be awaited with much 
anticipation. 


W. W. RUSSELL 


Brown UNIVERSITY 
ProvipEnce, Ruope Istanp 
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QUALITATIVE ORGANIC ANALYSIS AND 
SCIENTIFIC METHOD 


,. McGookin, Senior Lecturer in Organic Chemistry, The 
niversity, Liverpool. Reinhold Publishing Corp., New York, 
955. vii+ 155 pp. 14.5 K 22cm. $4.50 


In THE preface, the author states that this book is designed as 
ext for the instruction of beginners in the methods of qualitative 
organic analysis. The scheme which is followed is similar to that 
n most American texts upon the subject. Preliminary tests, 
onsisting of an examination of easily observed properties such as 
melting point, boiling point, and behavior on ignition, are followed 
by solubility and classification tests. The discussion of these 
tests is outlined briefly under the headings: “experiment,” 
“observation,” “inference.’”? A discussion of the scientific 
method in two chapters entitled Observation and Inference is 
well worth a careful study by both student and professor. 

This text differs from such texts as McElvain, Shriner and 
Fuson, Cheronis and Entriken in several important respects. It 
contains neither tables of melting points of derivatives, or 
“identification compounds,’ nor procedures for the preparation 
of derivatives. The author expects the student to obtain these 

data from the literature, but he provides no references. In 
addition, there are no problems or exercises included in the text. 
As a result of these omissions, this text may supplement but will 
not replace those which are now used. 


JOHN D. REINHEIMER 
CoLLEGE oF WoosTER 
Wooster, Ox10 


& THEORETICAL PRINCIPLES OF ORGANIC 
CHEMISTRY, VOLUME I 


Walter Hiickel, Professor of Pharmaceutical Chemistry, Tiibingen 
University. Translated by F. H. Rathmann, University of Omaha. 
Elsevier Publishing Company, Houston, 1955. xi + 904 pp. 
Stables. 16 X 25cm. $15. 


Tue acid-tongued Greek philosopher Heraclitus observed: 
“Much learning does not teach understanding; else it would have 
taught Hesiod and Pythagoras.” This melancholy thought 
frequently obtrudes itself on the reluctant minds of chemistry 
teachers with respect to students. In this volume Professor 
Hiickel makes a heroic attempt to deal with those features of 
organic chemistry which facilitate the understanding of the sub- 
ject as opposed to the mere learning of the nomenclature, syn- 
thesis, and reactions of organic compounds. This penetrating 
study will merit the gratitude and the generous applause of both 
students and teachers. 

Unlike many authors in this field, Professor Hiickel’s presenta- 
lion is largely deductive in character. The resulting critical 
analysis of older concepts, together with the broad experimental 
basis on which they were formulated, makes this work particularly 
easy for students to follow. 

This volume is divided into two parts: Book I and Book II. 
Book I consists of four chapters. Chapter I (44 pp.) opens with 
asurvey of some of the earlier theories and proceeds to the modern 
concepts of valence and the problem of appropriate representa- 
tion of bonds by symbols. Chapter II (86 pp.) is an excellent 
study of the problems of optical and geometrical isomerism, the 
theories of strain, and the consequences which flow from the geo- 
metrical shapes of molecules when they undergo reactions. Chap- 
ter III (39 pp.) deals with oxonium compounds, organic molecu- 
lar compounds, and complex addition products. The ‘‘chelates,”’ 
quinhydrones, and complexes with nitro compounds, choleic 
acids, and urea are adequately treated. Chapter IV (68 pp.) 
is a thoreughgoing survey of abnormal valences of constituent 
elements. The major portion of this chapter is devoted to free 
tadicals of diverse types, their preparation, properties, reactions, 
and significance for theoretical organic chemistry. 

Book II of this volume considers the limits of the customary 
symbolism of organochemical systematics and is divided into 
six chapters. The first, Chapter V (153 pp.), is a brilliant review 


of the many facets of tautomerism. The author sets forth the 
relationship between prototropism and electromeric effect in 
these systems and discusses the behavior and the theory of the 
salts of tautomeric compounds. The concluding part deals with 
the ester-condensation type of reaction. Chapter VI (104 pp.) is 
a thoroughgoing study of intramolecular rearrangements. These 
include: allylic rearrangements, migration of halogens, pinacols, 
benzilic acid, Hofmann, Curtius, Lossen, Beckmann, and quinol 
rearrangements. Chapter VII (73 pp.) deals with steric rear- 
rangements and the Walden inversion. Chapter VIII (67 pp.) 
is a comprehensive review of the reactions of unsaturated com- 
pounds. Chapter IX (63 pp.) is a consideration of the many 
theoretical problems which arise in the chemistry of aromatic 
compounds. The final chapter (118 pp.) sets forth the relations 
between reaction kinetics and the mechnaisms of organic re- 
actions. 

The English translation of this classic German text will mate- 
rially reduce the burdens of the young enthusiasts who are con- 
fronted with the twofold problem of learning chemistry and the 
German language simultaneously. 

G. H. RICHTER 

Tue Rice Institute 

Houston, Texas 


a PRACTICAL LABORATORY 
MANUAL FOR BEGINNERS 


Horace G. Deming, Research Associate, Department of Chem- 
istry, University of Hawaii. John Wiley & Sons, Inc., New York, 
1955. xi + 209 pp. 89 figs. 22 XK 28 cm. Paper bound. 
$3.50. 


Since the first chemistry laboratory, manuals have been pre- 
pared to ‘“‘accompany the textbook.” The textbook has always 
been written first and, in the course, given a corresponding 
priority over the manual. For “Practical Laboratory Chemistry” 
the companion text is not specified. Here the laboratory part — 
of the course is brought closer to equality with its partner. 

The contents are classified under: Preliminary (How to Do 
It); Laws and Principles; and Some Important Non-metals. 
Metals receive no attention aside from their ionic forms. When 
the subtitles are scanned, additions to traditional offerings are 
found, e. g., Chromatography, Corrosion, and Semimicro 
Techniques. However, there are no exercises on nucleonics. 

Especial emphasis is given to the teaching of correct technique. 
The implication seems to be that the student will learn correct 
techniques before he does any serious experiments in chemistry. 
This section is serviced by a generous offering of well-labeled line 
drawings. 

Half the book is devoted to Laws and Principles. There 
is no break with tradition here, and laws and principles. are 
usually introduced by: ‘We shall illustrate this law.”” Even 
in this section technique is primary. 

Users with an eye on the second year of the chemistry sequence 
will be happy to find stresson: the metric system measurements, 
precision weighing, “thinking in moles,” ‘common sense in 
numbers,” and many numerical exercises. 

The teacher is not forgotten. The preface, introductions to 
the instructor and to the student, a page of general instructions, 
four two-page sets of review exercises, nine appendices, and even a 
two-page, double-column index indicate the author’s concern for 
the teacher’s contribution to the course. 

There are some questions likely to occur to the teacher whose 
beginners are also to be ‘‘enders”’ with this course: Will this lab- 
oratory work impress the student as ‘‘a pleasant opportunity’’? 
This appears to be an attractive training program, but is not 
“training” often impatient with delay for understanding? 
Sometimes technicians are skilled without being educated. Even 
so, this book warrants the attention of teachers of first-year 
college chemistry. It has may original features that mark 
it as a definite contribution to the teaching resources for the 
laboratory part of the course. 


CHEMISTRY: A 


B. CLIFFORD HENDRICKS 


Lonevisew, WASHINGTON 


~ 


* THE CHEMISTRY OF PETROLEUM 
HYDROCARBONS 


Edited by B. T. Brooks, C. E. Boord, S. S. Kurz, Jr., and L. * 


Schmerling. Reinhold Publishing Corp., New York. Volume 1: 
1954. viii + 664 pp. $18. Volume 2: 1955. vi + 448 pp. 
$13.50. Volume 3: 1955. vii + 690 pp. $18. Many figs. 
and tables. 16 X 23cm. 


Tue three volumes comprising ‘“The Chemistry of Petroleum 
Hydrocarbons” are a monumental contribution to the literature 
of the petroleum industry. Perhaps this work is best described 
as an encyclopedia although the editors disclaim the scope in- 
dicated by such a term. The subject matter extends from basic 
chemical and physical properties of hydrocarbons and their 
mixtures, through the theories explaining their reactions, to the 
technology of petroleum. The nature of the work is emphasized 
by its organization as a series of 59 papers (chapters) by 62 
authors, each of which is substantially complete in itself. Con- 
tinuity is dependent almost entirely on the organization which 
the editors have achieved. . 

An outstanding characteristic of the work is its timeliness. 
The very recent literature is covered to the extent that a spot 
check of references shows at least one reference to 1955 literature. 
In general the authors have done an outstanding job in summariz- 
ing this recent work. The section on aromatic substitution for 
example, which is particularly well-documented, contains over 
300 references, 40 per cent of which are to the literature since 
1950. Many references to unpublished work are included. 
Treatment of this type provides the reader not only with an up- 
to-date summary of the field covered, but also with a valuable 
bibliography for more detailed study. 

As in most works of this type each chapter has a style of its 
own; the treatment of the subjccts varies widely, both in extent 
and in style. To some readers this may be annoying, especially 
when background material is repeated in different chapters. 
However, it is a defect which would be very difficult to avoid while 
retaining ihe desirable feature of timeliness referred to above. 
This reviewer believes the editors chose wisely in making the 
work as up to date as possible, even at the expense of a greater 
smoothness which time-consuming editing might have achieved. 

Volume I confines itself largely to the composition of naturally 
occurring hydrocarbon mixtures, physical methods for separation 
of hydrocarbons, methods for determination of hydrocarbons, 
and methods for synthesis of hydrocarbons, particularly labora- 
tory methods. Among the separation methods covered are ex- 
tractive and azeotropic distillation, selective adsorption, solvent 
extraction, and adduct formation with urea and thiourea. 
Analytical methods include ultraviolet, infrared, and Raman 
spectroscopy, and mass spectroscopy. A separate chapter is 
devoted to techniques applicable to the higher-boiling fractions 
of petroleum. Laboratory synthetic methods are covered ex- 
tensively for both low and high molecular weight hydrocarbons, 
and the final chapter of the volume deals with the Fisher Tropsch 
process for hydrocarbon synthesis from carbon monoxide and 
hydrogen. 

The first ten chapters of Volume II comprise a series of papers 
dealing with pyrolysis of hydrocarbons and catalytic decomposi- 
tion, including both the breaking of carbon-carbon bonds and 
dehydrogenation. A balance between the theoretical and applied 
chemistry of hydrocarbons is maintained by such companion 
chapters as ‘Mechanism for the thermal decomposition of hy- 
drocarbons” and ‘‘Conditions and results of thermal cracking for 
gasoline.””’ A somewhat similar pair of chapters is “‘Theory of 
catalytic cracking” and “The effects of the variables in catalytic 
cracking.” 

Oxidation reactions of hydrocarbons are covered in a series of 
seven chapters which extend into Volume III. Oxidation is 
discussed both from the standpoint of undesirable reactions lead- 
ing to the deterioration of petroleum products and from the 
viewpoint of reactions which have become of such great im- 
portance in achieving nonfuel derivatives of hydrocarbons. 

Volume III combines the remaining major reactions of hydro- 
carbons, both leading to hydrocarbon end products and leading 


JOURNAL OF CHEMICAL EDUCATION 


to hydrocarbon derivatives. In the former group are chapters on 
isomerization, polymerization, specific polymers for both fuel and 
nonfuel use, hydrogenation, and alkylation. The latter grou 
of chapters includes halogenation, nitration, condensation re. 
actions, sulfonation, and a wide variety of less fully exploited 
reactions of hydrocarbons. 

In their preface to the work the editors point out the great 
problem they faced in choosing material for this work without 
running far beyond its present size. In achieving their objective 
they have chosen well. Important parts of the subject are en- 
phasized, retaining enough detail that most will find reference to 
the original literature unnecessary. For the individual wishing 
to go further into the detail of specific subjects the excellent 
bibliographies provide a key. 


P. L. BRANDT 
AMERICAN O1L ComMPANY 
Texas City, Texas 


* RARE METALS HANDBOOK 


Edited by Clifford A. Hampel. Reinhold Publishing Corp, 
New York, 1954. xiii + 657 pp. Many figs. and tables. 16 x 
23.5cm. $12. 


Tuts volume is more than a conventional “handbook” and 
includes information on metals seldom thought of as “rare.” 
Twenty-seven chapters, each by authorities competent to 
assemble and evaluate the information, deal either with specific 
metals or related groups. The volume editor has added an 
introductory chapter summarizing sources and metallurgies. 
Similarly a final chapter presents comparative physical prop- 
erties with the aid of easily comprehended tables and figures. 
Chapter bibliographies are included which contain references 
to the literature through 1952. Metals considered are alkaline 
earths, beryllium, bismuth, boron, cadmium, cobalt, gallium, 
germanium, hafnium, indium, lithium, manganese, molybdenum, 
the platinum metals, rare-earth metals, rhenium, selenium, 
silicon, tantalum and columbium, tellurium, thallium, thorium, 
titanium, tungsten, uranium, vanadium, and zirconium. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
WILLIAM F. KIEFFER | 

or Wooster | 
Wooster, | 
| 
* LIQUID-LIQUID EXTRACTION: THEORY AND 

LABORATORY EXPERIMENTS 


L. Alders, Research Chemist, Koninklijke/Shell-Laboratorium, 
Amsterdam. Elsevier Publishing Company, New York, 1955. 
x+206pp. l0figs. 23tables. 16 X 23.5cm. $5.50. 


DEats with the theory of extraction processes, chiefly on the 
laboratory scale, but also with a view to industrial applications. 


INFORMATION PROCESSING EQUIPMENT 


Edited by M. P. Doss, Research and Technical Department, The 
Texas Company. Reinhold Publishing Corp., New York, 1955. 
270 pp. Many figs. Tables. 15.5 X 23.5cm. $8.75. 


Tuts book is the outgrowth of a symposium on Equipment for 
the Preparation, Reproduction, and Utilization of Technical 
Information at the September, 1953, Meeting of the American 4 
Chemical Society. One chapter deals with special equipment 
for typing, stenciling, etc., another with lenseless copying with 
sensitized papers. Two or three chapters deal with photography 
and microcopying, and one with the more conventional methods 
of printing. Projection equipment and preparation of copy and 
slides are adequately dealt with, as well as various methods of 
audio-recording. The possibilities of punched cards are pre- 
sented with a brief review of available materials and machines. 
In a final chapter one learns about calculators, computers, and 
other data-handling machines. 
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14. ALUMINUM. THE 
RARE EARTH METALS.‘ 


ALUMINUM 


A. OCCURRENCE 


14-1 Ores. Exhibit: bauxite, cryolite. 


14-2 Rocks. Exhibit: molecular models and 
samples of aluminum-containing silicate 
rocks such as feldspars, orthoclase, micas, 
clay, and zeolites. 


Gems. Exhibit: natural and artificial ruby, 
sapphire, emery, corundum. 


14-3 


B. METALLURGY AND THE METAL 


14-4 Exhibit: bauxite, cryolite; Al pig, wire, 
foil, rods, and plates; aluminum alloys such 
as duralumin. 


Al foil made into tiny airplanes; hard 
rubber rod; cat’sfur. Launch the airplanes 
a few feet above the table; control their 
descent by using the hard rubber rod rubbed 
with cat’s fur. 


14-5 


C. ALUMINUM HYDROXIDE 


14-6 Amphoteric Properties. AlCl;-aq., NaQH-aq., 
three test tubes. To 20 ml. of water in each 
tube add a few drops of AIC]; and of NaOH 
to form a precipitate of Al(OH);. Keeping 
the center tube for reference, demonstrate the 
amphoteric nature of Al(OH); by showing 
that it dissolves upon adding either HCl or 
NaOH, forming AICI, or NaAlO, respectively. 
Discuss role of this amphoteric property in 
the metallurgy of aluminum. 


Selective absorption. On a platform illumi- 
nated from below place two 2-liter cylinders; 
2 long stirring rods, AlCl;-aq., NH,OH, mud, 
a red dye-aq. Stir 25 mil. AICl;-aq. into 
each cylinder nearly filled with water. 
Now add slowly, with stirring, 25 ml. of 
NH,OH to form a precipitate of Al(OH);. 
Finally stir mud into one cylinder and the 
red dye into the other. The mud and dye 
adsorb upon the Al(OH); as it settles out. 
Illustrates purification of water, and mordant 
action in dyeing. 


14-7 


D. REACTIONS OF ALUMINUM 


14-8 Thermit, see demonstration 7-3. 


14-9 With oxygen. Water pistol, 2 six-inch 
squares of asbestos, sodium peroxide (dry), 
Al powder, tissue paper. CARE: keep 
face and hands away from the mixtures; 
DANGER: fire. On each square of asbestos 
pile two grams of dry sodium peroxide (be 
sure it is dry). On one pile place the tissue 
paper; on the other, sprinkle the Al powder. 
Squinting your eyes to protect from the flare, 
squirt each with water: fire results. 


{ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 


Tested Demonstrations in General Chemistry 


14-10 An ice cube; crumpled tissue paper on a 
six-inch square of asbestos; cover a part 
of it with 2 g. of sodium peroxide (dry). 
Place the cube on the paper near the powder : 
fire results. 


14-11 With iodine. Al powder, iodine flakes, a 
six-inch square of asbestos, water dropper. 
Mix (CARE) 1 g. iodine flakes with an equal 
volume of aluminum powder. Add a drop 
of water: ignition occurs. 


Amalgamation. A 4x4” sheet of Al, a few 
drops of Hg. Rub the Hg on the Al surface: 
an amalgam forms and breaks through the 
Al,O; surface with which the Al is coated; 
the sheet oxidizes, forming a white powder. 


Alums. Prepare crystals of alums several 
ems. in diameter by suspending an alum 
crystal by a thread in a solution containing 
equimolar quantities of potassium sulfate 
and aluminum sulfate, and allowing to stand 
undisturbed for several weeks. Also make 
over-growths of colorless alums on top of 
colored alums, such as potassium chromic 
sulfate; these are particularly striking. 
Exhibit: discuss isomorphism. 


14-12 


14-13 


E. USES OF ALUMINUM AND ITS COMPOUNDS 


14-14 Photoflash bulbs. Hold a photoflash bulb 
against one already set in a socket. Setting 
off the latter will give heat sufficient to 
ignite the former. 


14-15 Cleaning silver. A silver spoon badly tar- 
nished by H,S; a 2x2” Al plate immersed in 
a dilute solution of Na,CO; over a burner. 
Clean the spoon by immersing it in the 
boiling solution, so that the sn touches 
the Al. Reaction: 2Al+23 ~ H,.0 — 
6Ag + 2Al(OH); + 3H.S. 


14-16 Ceramics. Exhibit: clay, porous and glazed 
tiles, pottery. : 


Turn the page for additional demonstrations 


Labels for Topic 14. (For code, see instructions for as- 
sembling kits, J. Chem. Educ., 32, 12A(1955).) 14-5-J-Al 
foil, 14-5-J-cat’s fur, 14-5-J-hard rubber rod, 14-6-N-AICl; 
aq., 146-N-NaOH ag., 14-7-N-AICl; aq., 14-7-NH,OH, 
14-7-N-muddy water, 14-7-d-red dye aq., 14-9-w-Na,O2 dry, 
14-9-w-Al powder, 14-9-J-tissue paper, 14-10-J-tissue paper, 
14-10-w-NaeOe dry, 14-11-w-Na2O2 dry, 14-11-w-iodine flakes, 
14-12-J-4x4” sheet Al, 14-12-d-Hg, 14-14-J-photoflash bulbs, 
14-15-J-silver spoon, 14-15-w-Na2S lumps for tarnishing the 
spoon, 14-15-J-2x2” Al sheet, 14-15-N-Na,CO; aq., 14-17- 

-NH.OH, 14-17-N-(NH,)38 aq., 14-17-N-NaOH agq., 14-17- 
N-AICI; aq., 14-18-w-NaCl, 14-18-w-KCl, 14-18-J-Pt wire 
on rod, 14-18-w-borax, 14-18-J-cobalt blue 5 14-19-N- 
AICI; aq., 14-19-N-aluminon reagent, 14-19- -NH,OH, 14- 
21-w-crude ceric oxide, 14-21l-w-ceric ammonium sulfate, 
14-21-N-1 N ammonium oxalate, 14-21-N-H.SQ, aq., 14-22- 
N-0.1 Normal ferrous ammonium sulfate, 14-22-N-0.1 Normal 
ceric sulfate, 14-22-N-0.1 g. diphenyl amine in 10 ml. syrupy 
phosphoric acid + 90 ml. water, 14-23-N-0.1 Normal ceric 
sulfate, 14-23-N-H2O2 3% solution. 
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ANALYSIS FOR ALUMINUM 
14-17 Behaviour of hydroxide. NH OH-aq., (N H,)2- 


S-aq., NaOH-aq., AICl;-aq., 3 test tubes. 
Show that Al(OH); is formed by the addition 
of any of the first three to the AICl;-aq., but 
that only with the NaOH does the precipitate 
redissolve (forms NaAlO.). 


14-18 Bead analysis. NaCl, KCl, borax, 4” length 


of Pt wire on rod, burner, CoCl:, cobalt-blue 
glass. Make borax bead by heating borax in 
loop of Pt wire. Dip into Co-salt and re- 
heat: cobalt-blue glass bead forms. Ex- 
plain use of the glass in eliminating the 
yellow sodium flame during the test for 
potassium. 


Aluminon test. AlCl;-aq., aluminon, 
NH,OH, 1-liter cylinder nearly full of water, 
stirring rod. Form Al(OH); by adding 5 
mJ. AICl;-aq. and 5 ml. NH,OH, with 
stirring, to the cylinder of water. Then 
add 1 ml. of aluminon reagent. The 
Al(OH); absorbs the aluminon, and a red 
flocculate settles out. 


THE RARE EARTH METALS 


14-20 Exhibit: flint lighter, monazite sand, Wels- 


bach mantle, ceric sulfate. 


Next month's Tested Demonstrations in General Chemistry 
15. BORON AND SILICON 


For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9(1955) 


14-21 Crude ceric oxide, pure ceric ammonium 


sulfate, 1 Normal ammonium oxalate, 100 
ml. 1 N H,SO,, 2 beakers, 100 ml. graduate. 
Dissolve 0.5 g. crude ceric oxide in 25 ml. 
dilute sulfuric acid and dilute to 100 ml. 
In the other beaker dissolve 0.5 g. of pure 
ceric ammonium sulfate in 25 ml. dilute 
sulfuric acid and dilute to 100 ml. Now 
add 50 ml. of the ammonium oxalate solution 
to each. Let stand. Compare the volumes 
of precipitate in each: the precipitate in the 
first beaker will be twice as much because 
other rare earth oxalates have been pre- 
cipitated along with the ceric oxalate; this 
is a first step in the purification of these 
rare earth metals. 


14-22 Two beakers, 10 ml. pipette, 2 stirring rods, 


burette, 0.1 N ferrous ammonium sulfate, 
0.1 N ceric sulfate, 0.1 g. diphenylamine 
in 10 ml. syrupy phosphoric acid diluted to 
100 ml. Place the ferrous ammonium 
sulfate in the burette and with it titrate 
10 ml. of the ceric sulfate in 100 ml. water. 
Repeat the titration, but this time provide a 
sharper end-point by adding a few drops of 
diphenylamine indicator just before the 
end-point is reached (no sooner). 


14-23 Burette, 10 ml. pipette, stirring rod, 0.1 N 


ceric sulfate, H.O. of unknown strength. 
Titrate the peroxide with the ceric sulfate 
solution. 
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DANGER! Experiments 12-2 and 12-19 as printed 
originally in the December issue are dangerous. De- 
stroy that page and replace with this page. 


12. GROUP I. THE 
ALKALI METALS. 
THE COPPER GROUP 


A. GENERAL CONTRASTS 


*12-1_ Balance: 1 lb. Na in one pan with 1 Ib. Cu 
in other. Discuss relative densities in 
terms of ion size. 


12-2 Cu wire; 1g. Na in 5 ml. toluene in test tube; 
burner. Melt Cu wire; warm toluene (fire 
hazard); shiny Na ball forms. Discuss rel- 
ative melting points in terms of ion size. 


12-3 Large block Na, sodium press, wires from 
doorbell and battery. Show conductivity, 
ductility. 


12-4 Reactivity. Na, K, penny, dime, forceps, 
knife, filter paper, 10 cm. crystallizing dish 
of water. Cut small pieces of Na and K, 
blot clean, throw upon water (see 3-3). 
Compare with throwing coins into water. 


12-5 Flame tests. Shakers containing chlorides 
of Li, Na, K, Cu; burner. Shake salts 
into flame showing color tests. 


12-6 Stability of salts. Na flakes, sticks, pellets; 
NaOH-aq., NazCO;-aq., AgNO;-aq., CuSO,- 
aq.; four 400 ml. beakers, burner. Form 
hydroxides and carbonates of Ag and Cu; 
show AgOH forms Ag.O at room tempera- 
ture, Cu(OH). when heated forms black 
CuO; contrast with Na salts. 


B. THE ALKALI METALS. Li, Na, K, Rb, Cs, Fr 


12-7 General. Exhibit lye, rubber, rayon, soap, 
etc.; NaOH pellets, flakes, sticks; KOH, 
KCl, washing soda, baking soda. 


Sodium 


Solvay process. Conc. NH,OH saturated 
with NaCl in 250 ml. wide-mouth bottle; 
dry ice. Drop in chunks of dry ice, showing 
NaHCO; precipitating, Solvay process. 
Potassium 

Gunpowder. Mixture of equal volumes of 
KNO;, charcoal and sulfur. Commercial 
gunpowder. Contrast burning rate of syn- 


thetic mixture and commercial gunpowder 
(CARE). 


12-10 KNO; half-filling 5 cm. porcelain dish over 
Fischer burner; powdered charcoal, spoon. 
When molten KNO; is very hot, sift in 
charcoal. CARE. Note purple flame pro- 
duced by K. 


*12-8 


*12-9 


Cesium 


12-11 Cesium photoelectric cell set up to ring 
bell. 


Ammonium radical 
12-12 NH,Cl, NaOH, mortar and pestle, litmus 


paper. Grind solids, show NH; off: smell, 
test with moist litmus paper. 
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12-13 A 500 ml. Erlenmeyer flask containing 10 g. 
NHC] + 10 g. NaOH + 20 ml. water; 
delivery tube leading into 1-liter. beaker 
of water with few drops phenolphthalein 
indicator. Show NH; bubbles off, coloring 
phenolphthalein red. Water sucks back 
into flask at end of experiment. Why? 


C. THE COPPER GROUP. Cu, Ag, Au 


12-14 Exhibit: ores of these metals, finished 
products, coins, alloys, ete. 


Copper 


12-15 CuSO,-aq., electrolysis apparatus. 
and 11-14. 


12-16 CuSO, anhydrous; CuSOQ,, 5H:O; wash- 
bottle, filter paper. Sprinkle anhydrous 
powder on filter paper, then spray with 
water; blue CuSO,, 5H.O forms. 


See 11-13 


Turn the page for additional demonstrations 


*Footnotes 


12-1 The pound block of Na can be stored indefinitely in 
a desiccator. 

12-8 NaCl + NH; + H.O + CO, —~ NaHCO; + NH,Cl. 
Solvay, the son of a salt merchant, lived as a boy with 
his uncle near a coal-tar works (NH; by-product) 
breathed out some CO; and perspired H;O; he put 
all of his experiences together and got baking soda! 
Upon heating this he made washing cole 2NaHCO;— 
NazCO; + H:O + 

12-9 Gunpowder is dangerous. Do not store in kit. Do 
not ignite it if tightly packed since it detonates 
explosively. Loosely pile no more than a 0 of 
it. and set fire to it. It burns in a single flash, since 
it is properly granulated to give fast burning reaction; 
your synthetic mixture will burn much more slowly. 

12-18 Indicate that the Fehling’s test is used to detect 
reducing sugars in the urine; diabetics cannot as- 
similate the sugar. 

12-22 A humorous twist can be given by dropping a dime 
(unknown to the students) into the AgCl precipitate; 
when the AgCl dissolves, the photographer’s hypo 
(the sodium thiosulfate) dissolves the AgCl but not 
the Ag, so the dime suddenly flashes into view. 

Labels for Topic 12. (For code, see instructions for as- 
sembling kits, J. Chem. Educ., 32, 12A(1955).) 12-1-J-1- 
Ib. Cu, 12-2-w-Cu wire, 12-2-N-toluene, 12-4-w-pennies & 
dimes, 12-5-w-shaker top-LiCl., 12-5-w-shaker top-NaCl, 
12-5-w-shaker top KCl, 12-5-w-shaker top CuCl, 12-6-J-Na 
flakes, pellets, sticks, 12-6-N-NaOH aq., 12-6-N-Na:CO; aq., 
12-6-N-AgNO;, 12-6-N-CuSO,, 12-8-N-conc. NH,OH, 12-8- 
N-sat.. NaCl aq., 12-9-w-KNO;, 12-9-w-charcoal, 12-9-w- 
sulfur, 12-10-J-KNO;, 12-10-J-charcoal, 12-12-w-NH,Cl, 
12-12-w-NaOH, 12-13-w-NH,Cl, 12-13-w-NaOH pellets, 12- 
alein soln., 12-15-N-CuSO, aq., 12-16-w- 
CuSO, anhydrous, 12-16-w-CuSO,, 5H,O, 12-17-N-CuSQ, aq., 
12-17-N-NH,OH, 12-18-Stock, Fehling’s Solution A: 69 g. 
CuSO, 5H:O + 1000 ml. water, 12-18-Stock, Fehling’s Solution 
B: 350 g. Rochelle salt (NaK tartrate) + 100 g. NaOH + 
1000 ml. water, 12-18-N-Fehling’s solution A, refill from 
stock, 12-18-N-Fehling’s solution B, refill from stock, 12-18- 
N-sucrose aq., 12-18-N-glucose aq., 12-19-Silvering soln. 
A (Danger, do not store): 10gAgNO; + 500 ml. HO +NH,OH 
until precipitate dissolves + 500 ml. water more, 12-19-Stock, 
Silvering solution B: 2 g. AgNO; + 1.66 g. Rochelle salt 
(NaK tartrate) + 1000 ml. water, 12-19-N-silvering solution 
A, refill from stock, 12-19-N-silvering solution B, refill from 
stock, 12-20-d-K,Cr.:0; aq., 12-20-N-AgNO; aq., 12-20-d- 
NasAsQ, aq., 12-20-d-KCl aq., 12-20-d-KBr aq., 12-20-d-KI 
AgNQ, aq., 13:21-N-NaCl aq., 12-21-w-M 


. 12-21 
ben, 12-22-w-dimes, 12-22-d-AgNO; aq., 12-22-d-Na 
aq., 12-22-N-sodium thiosulfate aq., 12-23-w-gold leaf, 
12-24-N-blue colloidal gold, 12-24-N red colloidal gold, 
12-24-d-gold chloride dilute solution. 


1 
) 
9 
‘ 
2 
7 | 


12-17 Cupric tetra-ammine. CuSQ,-aq., NH,OH, 
two 2-liter jars. In one jar add NH,OH 
to 20 ml. CuSO,-aq. in water, forming 
Cu(OH),. In the other repeat this, then 
continue to add more NH,OH to form deep 
purple Cu(NH;),SO,. 


*12-18 Fehling’s Test. Solution A: 69 g. CuSQO,, 
5H,0 in 1000 ml. water. Solution B: 350 
g. Rochelle salt (NaK tartrate) + 100 g. 
NaOH + 1000 ml. water. Two 250 ml. 
beakers over burners, sucrose-aq., glucose- 
aq. In one beaker heat 100 ml. solution 
A + 100 ml. solution B + 10 ml. glucose- 
aq.; in the other use A + B + 10 ml. 
sucrose-aq. The first, being a reducing 
sugar, reduces Cut+, a color change from 
blue to green to yellow to red (Cu,O) oc- 
curring. Nothing occurs with sucrose. 


Silver 


12-19 Silver mirror. Solution A- 10 g. AgNO; 
in 500 ml. water. To this, add NH,OH 
until the precipitate which first forms dis- 
solves, then add 500 ml. more water. Solu- 
tion B: 2 g. AgNO; + 1.66 g. Rochelle 
salt (NaK tartrate) + 1000 ml. water. A 
500 ml. Ernlenmeyer flask over burner. 
Mix equal quantities of solutions A and B, 


13. GROUP Il. 


-——Next month’s Tested Demonstrations in General Chemistry 
THE ALKALINE EARTH METALS. THE ZINC GROUP 
For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9(1955) 


warming if necessary; silver mirror forms 
in few minutes. 


12-20 Insoluble silver salts. AgNOs;-aq., K2Cr.0;- 
: aq., Na;AsO.-aq., KCl-aq., KBr-aq., KI- 
aq., six test tubes. Form silver salts. 


12-21 Photographic process. Unexposed photo- 
graphic film, a negative and a positive 
film, AgNO;-aq., NaCl-aq., filter paper, 
funnel and filter stand, Mg ribbon, burner, 
forceps. Form AgCl; filter; blot pre- 
cipitate dry, spread on filter paper. Expose 
half of it to the light of a burning Mg ribbon; 
dark Ag forms, as in photographic process. 

*12-22 Photographic fixer action. Dime, AgNO;-aq., 
NaCl-aq., sodium thiosulfate-aq., a 400 ml. 
beaker. Form AgCl then add sodium thio- 
sulfate, stirring; this dissolves the AgCl 
imitating the operation of photographic 


Gold 


12-23 Gold leaf, conc. HNO;, conc. HCl, test 
tubes. Dissolve gold in aqua regia (1 
volume HNO; + 3 vols. HCl). 


12-24 Exhibit: red and blue varieties of colloidal 
gold; gold chloride-aq. 
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Convenient New Hot-wire-type Glass Tubing Cutter 


Produces Clean, Straight Breaks in Tubing up 


to 3 Inches in Diameter 


Cuts Pyrex-Brand Glass 
or soft glass 


Adjustable 


heating current 


Step by step 
instructions 


on top 


Wire is readily 
replaceable, extra 


wires included 


Place scratched 
line on wire 
Turn on current 


Scratch tube 
with wheel 


Glass tubing, bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other 
hard-glass tubes can be cut with equal ease. 

The article is first encircled with a scratch made 
by a cutter wheel convenie.:tly mounted on the side 
of the transformer, the scratch is heated by contact 
with the hot wire, and then cooled quickly by apply- 
ing water or by blowing on it. No other equipment 


is 
e cutting wire is supported on two insulated 


W. M. WELCH 


Allow drop of 
water to fall Result: A clean 
on line break 


posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
glass may be used. An instruction plate is mounted 
near this control. The unit operates on 115 volts, 
50 or 60 cycle A.C. Over-all dimensions are 
6x4!/.x9 inches high. 

No. 5210. Each, $27.50 


SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 


1514 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
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of, the 


of the particular issue. 


When writing for additional information about 
new products or for new literature, your inquiry 
will receive prompt attention if you write on 
your firm or Institution letterhead and mention 
the Journal of Chemical Education and the date 


APPARATUS AND 
QUIPMENT 


Manufacturers Engineering & Equip- 
ent Corporation, Hatboro, Pennsylva- 
ia, announces a new Colormaster Dif- 
prential Colorimeter, the Model IV, which 
‘curately makes color measurements with 
sensitivity to color differences exceeding 
at of the human eye. It measures the 
olor transmission and reflectance of such 
bstances as synthetic fibers, paints, 
quid solutions, pigments, and _ slurries 
ithin 0.0001 reflectance unit. 

Of particular importance in the Model 
’ Colormaster is the substantial improve- 
hent in sensitivity when dark samples are 
ing measured. 

The Colormaster is especially useful for 
heasuring differences between colors for 
rocess control applications. A complete 
pt of color measurements, for example, 
nn be made with the Colormaster in less 
an thirty seconds. 

This same company also announces the 
lodel III Photoelectric Analyzer, a new 
strument for automatically analyzing, 
reording and controlling chemical proc- 
ses involving liquids, vapors, or gases. 


The newly announced Advanced Trit- 
m Assay Apparatus can be used for 
say of labelled water in body fluids or 
lutions, tracer work in organic systems, 
btal bedy water determinations, water 
bntent measurement of organic chemicals, 
rdrocarbons, grains, animals, and irreg- 
ar vessels. 

Simplicity and precision feature this 
w technique. No refrigerators, ioniza- 
on chambers or vibrating-reed electrom- 
ers are involved. 

The Advanced Tritium apparatus re- 
ires only 0.2 ml. aqueous sample with- 
t purification. Precision is 1% except 
t very low activities. Each assay takes 
inted 30 minutes. 


jolts, [Bench space 24 to 30 inches wide is all 
are at is required for the preparation sys- 
m, and space underneath for the vac- 

27.50 fmpump. Full details are contained in 


letin 60, Advanced Instruments, Inc., 
eedham 92, Massachusetts. 


Ever need copies of anything? F. G. 
dwig, Inc., Old Saybrook, Connecticut, 
ers the Contoura-Constat transfer proc- 
8 photo-copier. This equipment can be 
d for making exact black-on-white 
pies of any original, whether printed on 


one side or both, in about 30 seconds. 
The 1956 models have a powerful light 
output that allows the use of a less light- 
sensitive copy paper. They can be used 


under usual office lighting conditions with 
no need for a darkroom or light-shield. 


> Burrell Corporation, exclusive distrib- 
utors for a complete line of Castor instru- 
ments for processing and control of dis- 
persions, polymers and lubricants, has 
announced a new multi-purpose Castor 
Process Unit. 

By suitable selection of glassware, tke 
compact versatile instrument may be set 
up for a variety of controlled organic 
reactions including high polymer resin 
processing or polymerizations and distill- 
ations. 

Flexibility of the unit permits the proc- 
essing of polyesters, phenolics, alkyds, 
silicones, etc., with a minimum of time or 
attention. 

Detailed descriptions of all controls, 
operating procedures and data on a wide 
range of applications are furnished with 
each unit. For additional information, 
write Burrell Corporation, 2223 Fifth 
Avenue, Pittsburgh 19, Pennsylvania. 
Ask for Bulletin No. 330. 


FLEXIBLE 


Tygon Tubing is chemically 
inert and will handle every 
fluid, gas and air transmission 
task normally encountered in 
the laboratory. 
It is extremely flexible and 
easy to connect or disconnect. 
. Adheres tightly to glass or 
metal without clamping. 
Tygon Tubing is available in 
all required sizes from labo- 
ratory supply houses every- 
where. 
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We recommend... 


NYLAB 


SCIENTIFIC INSTRUMENTS aud. NPPARATUS 


A new 
ating 


or use W 


Weighing it 
“She Versatile Desiccant” 
For SPEEDY, PRECISE WEIGHING . ‘ biological 
NO LOSS IN TRANSFERS— For Drying = i. 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 


easy—rinse material directly funnel tip SOLIDS LIQUIDS GASES 


into receiver. Stable, flat base. . . lightweight. bed by | 
Catalog No. | Diam. (mm) Length (mm) _|Price, dozen in ny, he 
12803 15 40 00 peasy svi 
12804 25 10.30 INSTITUTION — INDUSTRY le 


Orders must be in lots of dozen of one size. 10% LABORATORY —_ PLANT irring 


discount on orders of 6 dozen of same or assorted sizes. 


Efficient—Dries all organic liquids instantly in 


Polyethylene or Gases retain only 
.005 mg. r liter. 
Delivers a DROP a 
AM 
ors Versatile—An all-purpose desiccant. 
Does away with break- 7 
age . . . mouthpieces . . . Non-Wetting—Does not become wet on satu ‘ 
ration, nor crystallize to walls of tubes, towers of 
nitely. | Durable and desiccators. 
Smaller The n 
Neutral—Dries without reacting with eithey 
for washing of glass ‘ acid or alkaline materials. ifference 
electrodes. 
Inert—Except toward water. Does not decom#tumen 
Catalog No. 15720 15721 :15722 15723-15724 : : iditional 
Capacity 250500 pose, polymerize, or catalyze organic 
stances by contact. Insoluble in organic sca 
Discount of 107% on orders of dozen or more. uids quires d 
etween § 
Filter Bell (with redesigned SLIDE VALVE) Regenerative—Repeatedly after any normarbidity) 
FOR NEW ° eused fo 
CONVENIENCE use, by dehydration at 235 to 250°C. Loans 
IN FILTRATIONS ‘ ppncentrat 
Economical —Lowest priced high grade desi plete 
sured by soft rubber gasket cant. Available in quantity for Industriaff00 A, PI 
acting against a glass bottom Pr s BUS-05 
plate... Any ennsylva 
or receiving vessel y be 
used . Nhedceigned | Slide References A bran 
Valve permits applica- Pen anno 
tion or release of a (1) Ind. Eng. Chem. 25-653 (June, 1933) Lend 3 
vacuum in the bell jar ; 
while retaining the (2) Ind. Eng. Chem. 25-1112 (Oct., 1933) hag 
(3) National Bureau of, Standards Journal of Researdater ma 
Minimum Inside Dimensions: Diam. MM; Ht linder. 
at side 120 BEB; is ot conver 150 DER. Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. ff 't pa 
Catalog No. 35070............ 10.75 ea. pipets 
Write for NYLABS’ complete Cat. No.7 on company ough th 
letterhead. Write for literature and quotations Pane 
andard 
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KEY TO ALL 
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DUT OF THE 


Edttor's Gasket 


A new rotary film evaporator incorpo- 
ting Many new features is now available 
y Labline, Inc., 3070-82 W. Grand 
hvenue, Chicago 22, Illinois. Suitable 
or use with flasks of 100 c.c. and larger, 
LASHVac is ideal for separating heat 
nd air sensitive solutions; separating con- 
entrated solutions of high boiling point 
vents such as water and Burtanol. 
Biological extracts and solvents such as 
ater and dimethylformamide can be 
usily processed. 


A High Pressure autoclave with a 
ater-cooled drive shaft has been devel- 
ved by High Pressure Equipment Com- 
any, Inc., 1222 Linden Street, Erie, 
Pennsylvania. This water-cooled prin- 
iple was. brought about primarily to add 
mg life to the packing seal around the 
iring drive shaft. The agitator is 
signed for all types of catalytic material 
om gases to solids. 


antly in 
in only This new radio frequency oven was pri- 
arily designed for experimental labora- 
ory use for instantaneous drying of 
ample quantities of various solid and 
quid materials. The Erdco dielectric 
ven is a radio frequency generator of 2 
ilowatts rated high frequency power out- 
ut. Contact the Erdco Engineering 
orporation, Addison, Illinois. 


satu 
OF 


The new Brice-Phoenix Differential 
efractometer is a rugged portable unit 
esigned for the direct measurement of the 
ifference in refractive index between a 
ute solution and its solvent. The 
decom#*ttument was designed for obtaining the 
iditional optical data required for deter- 
ination of molecular weights by the 
ght scattering method (this method 
rquires difference in the refractive index 
etween solution and solvent as well as 
bidity). However, the instrument can 
eused for many other purposes requiring 
he determination of refractive index or 
pneentration of dilute solutions. For 
mplete details write for Bulletin BP- 
iag00 A, Phoenix Precision Instrument Co., 
B03-05 N. 5th St., Philadelphia 40, 
ennsylvania. 
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A brand new type of Pipet Dryer has 
fen announced by Phipps & Bird, Inc., 
h and Byrd Sts., Richmond 5, Virginia. 
consists of a cylinder mounted on a 
nted base, with a specially designed 


Resear rater mounted at the lower end of the 
linder. As the hot air from this heater 
nosh. kes, it passes up and around and through 


¢ pipets. Any moisture is carried out 
ough the vented top. 

According to Phipps & Bird, this 
Strument is designed to take the 
kndard rack of a 6-in. pipet washer. 
@ rack may be taken out of the washer 
th its load of pipets, drained for about a 
mpan inute, and placed right into the dryer. 
en using this method of drying, the 
usl handling of the pipets by the 
hnician is held to a minimum; thus 
lucing the hazard of breakage. 
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NEW LITERATURE 


@ A new technical booklet describing the 
properties and applications for ‘‘Abitol,” a 
primary, monohydric alcohol, is avail- 
able from Hercules Powder Company, 
Wilmington 99, Delaware. The booklet 
includes a somewhat detailed discussion of 
the use of Abitol in alkyd resins, as well 
as a discussion of the more important prop- 
erties and other current general applica- 
tions for this technical hydroabietyl 
alcohol. 


@ A new, 4-page folder that gives com- 
plete data on the new Norelco Elt Rate- 
meter (Type 12112 Frequency Meter) is 
available gratis from the Electronics 
Division, North American Philips Com- 
pany, Inc., 750 South Fulton Avenue, 
Mount Vernon, New York. Technical in- 
formation covers operation and application 
of the six-digit high-speed scaler for pro- 


portional, scintillation or Geiger count- 
ing. Specifications include maximum and 


minimum rates, resolving time, total 
capacity, zero reset, connections, controls, 
operating characteristics, sensitivity and 
dimensions. 


@ Will Corporation offers a concise, 
graphic chart depicting accessories used 
with the Beckman DU Spectrophotom- 
eter. This chart includes all attach- 
ments, thermospacers and common spare 
parts arranged to show their interrelation- 
ships. Anyone concerned with spectro- 
photometry will find this 10” x 14” Flow 
Chart an invaluable guide in getting the 
most out of the versatile DU Spectro- 
photometer. Available from Will Corpo- 
ration, Rochester 3, New York. 


@ An illustrated 8-page bulletin in color 
describes the complete line of “Brooks- 
Mite”’ and “‘Sho-Rate’’ Purge Meters for 


NOW 


SAFELY 
EFFICIENTLY 
ECONOMICALLY 


with the 


KEWAUNEE 


e Ideal for analyses, handling radio-active 
materials, organic preparations, biological 
work. 

® Enclosed work space provides maximum, 
personnel safety. Remote handling devices. 
available. 

e Extreme fiexibility—units may be used 
singly or in connected groups. 

e Save space—units are small, compact, 
portable. 

e Save operating costs—lower power re- 
quirements for blowers, heating and cooling. 

© Accessories available to meet ames 
requirements. 


* Chemical Biological Radioloaical 


a 
<4 


Free Catalog. Write for your copy of “The CBR 
System’”—required reading for research and 
industrial laboratories. 


5014 S. Center St., 
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NEW MERCURY 
DIFFUSION PUMP 


NOW you get all these 


features in one pump! 


@ COMPACT — Built in forepump condenser eliminates 
bulky outside condenser 


© EFFICIENT — Reaches ultimate vacuum of 10—' at a speed 
of 10 liters per second 


@ ECONOMICAL — Uses minimum amount of mercury. 


Forepump vacuum spirals through water to pre- 


vent mercury from entering forepump 


e LOW PRICE — 


lunit — $60.00 each 
3 units — $54.00 each 


Cat. #DS-7050 
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FILTER PAPER FOR CHROMATOGRAPH 


Each of these grades is eminently satisfactory and highly recommended. 


grade thickness weight 

7 .006 20 Ibs. 
048 .007 25 Ibs. 
613 .006 20 Ibs. 
629 012 35 Ibs. 


Available from your scientific supply dealer in standard size sheets, rolls 
circles. Also available in special sizes or shapes. 


We will gladly supply you with free samples if you will write to us. 


THE EATON-DIKEMAN CO. 
FILTERTOWN MT. HOLLY SPRINGS, PENNA. 
The only company in America exclusively engaged in the manufacture of filter paper. 
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nvenient, dependable small flow indica- 
pp. Practical, versatile designs for 
ery application where constant small 
bw of liquids or gases is required. 
ailable from Brooks Rotameter Co., 
nsdule, Pennsylvania. 


Cenco News Chats Number 81, pub- 
ed by Central Scientific Company, con- 
ins descriptions and photos of new and 
designed instruments and apparatus for 
boratory use including a coulometric 
ercaptan titrator, vapor equivalent 
paratus, vacuum pump, laboratory 
eiger counter, safety tube inserter and 
any others. Copies may be obtained by 
iting to Central Scientific Company, 
00 Irving Park Road, Chicago, Illinois. 


Technical data on Atomic Energy 
sirumentation, Bulletin NER-2 is avail- 
le from Minneapolis-Honeywell Regu- 


mm, Philadelphia 44, Pennsylvania. 
his bulletin covers the various processes 
olved and the instruments of control 


pceSSa 


A new data sheet on the Model 3505 
boratory Freeze Drying unit is offered 
Naresco Equipment Corporation, New- 
n Highlands 61, Massachusetts. This 
bit is suitable for use in research and 
ical laboratories and hospitals where it 
desired to preserve materials such as 
ine grafts, skin, virus cultures, and anti- 
otics by freeze drying. 


Daigger Apparatus Digest No. 3, depicts 
riety of laboratory apparatus and equip- 
ent including Mobile Air Conditioners, 
quid Coolers, Portable Refrigeration 
stems, Flexible Heating Tapes, Interval 
d Signal Timers, Stop Watches, Labo- 
tory Notebooks, Pumps, Needle Valves, 
sinless Steel Laboratory Vessels, Vac- 
im Control Instruments. Copy free on 
uest from A. Daigger & Company, 159 
. Kinzie Ave., Chicago 10, Illinois. 


All Sanborn ‘150’’ Series oscillographic 
ording systems, components and associ- 
ed equipment are fully described in a 
w 16-page illustrated catalog recently 
— Performance data for these 
terchangeable front-ends, as well as 
quency response characteristics of gal- 
hometer with driver amplifier, are also 
povided. Copies are available on request 
bm Sanborn Company, Industrial Divi- 
pn, 195 Massachusetts Ave., Cambridge 
, Massachusetts. 


The National Appliance Company of 
brtland, Oregon, announces the manu- 
OF  ffture of the new National Anhydro and 
ater-Jacketed Incubators. For  fur- 
er information write National Appliance 
pmpany, 7634 S. W. Capitol Highway, 
rtland, Oregon. 


An “Electronic hot-rod that accel- 
ktes ions 1000 miles per second in a 
illionth of a second,” automatic spectro- 
otometers which speed laboratory 
alysis, and a new pH electrode are all 
Kcribed in the new Beckman Bulletin 
».17. It contains not only the above- 
ntioned stories but many other illus- 


JARY, 19 


| 


or Company, Brown Instruments Divi- 


High Form — Convenient 


Triple-Beam Balance 
® Fast, Accurate 
Operation 


STAINLESS 
STEEL 


3 Graduated 
Scale Levels 


Hard, Cobalite 
Knife Edges 
Grooved 
Agate 


PEE EEE 


| 111g. 


(with extra weight 201g.) y NO, 4930 

4030. TRIPLE-BEAM BALANCE, High Form. $27.50 
SENSITIVE TO 4031. AUXILIARY WEIGHT. Each $1.50 
} 0.01 grams or less 4030C. PLASTIC COVER, For No. 4030. Each $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


1515 Sedgwick Street. Dept. D-1 Chicago 20, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


National's LARGE CAPACITY 


VACUUM OVEN 


WITH SAFETY THERMOSTAT 


Model No. 5840 


FOR LOW PRESSURE DRYING 
or atmospheric drying. 


00 0 0 


CHAMBER SIZE: 112 Cubic Feet, 
12 x 12 x 18” deep. 


TEMPERATURE RANGE 200°C. 
PRICED ONLY $295. 


Write for Free Bulletin 


00 0 90 


Sales & Service Thru Your Laboratory 
Supply Dealer... 


INDUSTRY 
RESEARCH 
MEDICINE 
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Rinco Rotating oom Fit 
man Kod 
Vacuum-Type Evaporator 
(photogra 
Speed evaporation of solvents of low volatil- | ee 
ity four or five times—varying with solvents. we tim 
e irrepl 
et, 
Adaptable for volumes of 1 ml to 500 ml. Utilizes the raphie } 
principle of the spreading out of a thin film over large area apher’s | 
and subjecting to negative pressure. Can be used in single lamage 
or multiple units. At 20°C, 30 ml of water will be evaporated nspectior 
in 30 minutes. Especially useful with biological extracts or Porage. 
heat-sensitive compounds; will operate faster with increased Koda-chr 
temperature, if sample permits. Consists of a monel metal pooklet i 
shaft with a § 19/38 joint at lower end. Shaft rotates on ay: 
oilite bronze bearings; Teflon ring seals; monel metal hous- “ Yor 
ing. Use with standard pump and trap, or standard aspirator. , 
Flasks rotate at 93 r.p.m. ISCEL 
39474—Rinco Rotating Vacuum-Type Evaporator, with ¥ Redu 
19/38 joint to accommodate small flasks, such as 50 ml; ogical de 
with induction type motor; for 115 v., 60 cycles, A.C. He. S590 ations. o 
39475—Rinco Evaporator, with brush-type motor. . $96.50 Designed for the rapid and accurate determina- dy 
7 tion of thiamin, riboflavin, and other substances fmilar 
80820D— Adapter, “Pyrex” Brand, for adapting 19/38 joint A mong th 
i Gets ee int flasks. havi 24/40 which fluoresce in solution. The sensitivity ong & 
P 83 and stability are such that it has been found 
New Rinco “Solvent Recovery Condenser”’ amounts of these substances. ir Get 
Valuable accessory to Rinco Evaporator. Connects to flask » ions; pre 
of Rinco Evaporator with standard taper ground glass joints. process © 
Rotates with evaporating flask. Recovers in excess of 75% eo { a 
of solvent. Increases speed of evaporation 2 to 3 times. pe L__ d indus 
Easy to cool with cold water or ice. Protects vacuum pump k The } 
and system from corrosive solvents. KLETT SCIENTIFIC PRODUCTS —————_fiion of 17 
39477—Solvent Recovery Condenser, standard size, 1000 
ml, with 500 ml working capacity, $ 24/40 ground glass ; © GLASS STANDARDS e KLETT REAGENTS he NFP 
joints, (Other sizes available on request) Each. . . . $16.00 dition. 
ma: 
ions Dey 
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ALOE SCIENTIFIC 4 boston, 3 
DIVISION OF A. S. ALOE COMPANY elt Manufacturing Co. Atoms 


5655 Kingsbury e« St. Lovis 12, Mo. 


shed as 
LOS ANGELES e SAN FRANCISCO PHOENIX SEATTLE 
DENVER MINNEAPOLIS KANSAS CITY DALLAS 179 EAST 87TH STREET, NEW YORK N.Y. Basel B. 
NEW ORLEANS ATLANTA WASHINGTON, D.C. Und ap 
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erated articles on how Beckman instru- 
mentation is aiding laboratory and indus- 
ial users. Beckman Bulletin No. 17 
Han be obtained by writing to the Beck- 
Division, Beckman Instruments, 
Fullerton, California. 


New Bulletin PCC-14 gives full details 
fn the first self-powered proportional 
rounter converter to be available on a 
iommercial basis. The instrument, 
own as the PCC-14, converts any 
caler into a proportional counter for 
measuring alpha and beta radiation of all 
nergies. It is designed for laboratory 
ime in radiochemistry, radiobiology, radio- 
herapy, health physics, mineral, water 
d sewage assay, mineral search, and 
juclear physics. The bulletin is available 
ree from the manufacturer, Nuclear 
j@easurements Corp., 2460 N. Arlington 
ve., Indianapolis 18, Indiana. 


A revision of the booklet, “The Han- 
ling, Repair, and Storage of 16mm and 
Films,” has just been issued by East- 
nan Kodak Co. It will prove of particu- 
ar value to industrial and professional 
photographers, visual-educational 
jglm users and film libraries, whose films 
epresent a considerable investment in 
oth time and money and in many cases 
e irreplaceable. The twelve-page book- 
et, punched to fit the Kodak Photo- 
raphic Notebook, found on most photog- 
@epher’s shelves, covers possible causes of 
amage with suggestions for correction, 
nspection and repair procedures, and 
forage. Both black-and-white and 
Koda-chrome Films are covered. The 
@ooklet is available without charge from 
he Sales Service Division, Eastman 
Kodak Co., 343 State St., Rochester 4, 
Yew York. 


ISCELLANY 


Reduced costs through new techno- 
ogical developments are broadening appli- 
ations of closed circuit television in all 
ndustrial and commercial fields, including 
ecurity observation of mercury rooms and 
imilar surveillance tasks. Prominent 
mong the new uses of TV are signature 
erification for banks having centralized 
cords or drive-in facilities; remote 
eading of documents, meters, gauges, and 
ther data in distant or hazardous loca- 
ions; production control, traffic control, 
process control; materials handling, and 
mnumerable teaching activities at colleges 
d industry. 


The National Fire Codes, a compila- 
ion of 172 fire safety standards as devel- 
ped by the National Fire Protection 
ssociation, have just been published by 
he NFPA in a revised six-volume 1955 
ition. These volumes, at six dollars 
keh, may be obtained from the Publica- 
ions Department, National Fire Protec- 
on Association, 60 Batterymarch Street, 
Boston, Massachusetts. 

Atoms For Peace Awards, was estab- 
shed as a memorial to Henry Ford and 
dsel B. Ford by a Ford Motor Company 
und appropriation which will provide 


$100,000 annually for 10 years to be spent 
in helping to provide incentives for the 
world’s scientists, inventors and engi- 
neers—without regard for nationality or 
political belief—toward finding new ways 
in which the atomic energy science can be 
used for the welfare of mankind. 

Dr. James R. Killian, Jr., president of 
Massachusetts Institute of Technology, 
will serve as chairman of the Organization 
and Planning Committee of Atoms For 
Peace Awards. 

In addition to Dr. Killian, the com- 
mittee will include Dr. Detlev W. Bronk, 
president of the Rockefeller Institute for 
Medical Research and president of the 
National Academy of Sciences; Dr. Ralph 
J. Bunche, under secretary general of the 
United Nations; Dr. Arthur H. Compton, 
professor, and former chancellor, Wash- 
ington University; Mrs. Douglas Horton, 
formerly president of Wellesley College; 


Dr. Mervin J. Kelly, president of the Bell 
Telephone Laboratories; and Dr. Alan 
Waterman, director of the National 
Science Foundation. 


% The Laboratory Report, a_ bulletin 
issued quarterly by the Franklin Institute 
Laboratories for Research and Develop- 
ment, Philadelphia 3, Pennsylvania, de- 
scribes their activities and is available 
from the Editor. 


% UNESCO has developed “do-it-your- 
self’’ plans to enable countries short on 
science teaching equipment to produce 
low-cost laboratories. 

The UNESCO plans reduce the cost of 
building a laboratory to about a third of 
market price. The drawings cover equip- 
ment needed in primary and secondary 
science teaching and in the training of 
science teachers. They are intended for 
countries which lack the foreign exchange 


“heap big hurry for special glass” 


Happy with his last shipment of 
Pyrex peace pipes, this fellow has 
dreamed up some new uses for 
special apparatus — and knows 
where to come for it. 

People over in our Special Ap- 
paratus Department are used to 
unusual orders. They don’t waste 
time clucking tongues, because 
they've seen just about everything. 
They'll take some tortured memo- 
ries, give them a few new twists, 
add a lot of skill and another 
piece of special apparatus will be 
on the way. To him, to Mars, or 
to you. 

You'll get Pyrex brand glass 
No. 7740, too, or if you want 
something more special, you can 
get Vycor brand No. 7900, with- 
its higher temperature limit. 

For “ordinary” specialties, con- 
sult our brand new 116-page cata- 
log, “Custom Made Laboratory 
Glassware by Corning.” Just send 
in “wampum” below. 


CORNING GLASS WORKS 
CORNING, N. Y. 


) 


meand Glad 
CORNING GLASS WORKS 
70-2 Crystal Street, Corning, N. Y. 
Please send me your new catalog CA-1: ‘*Custom 
Made Laboratory Glassware by Corning.’’ 


‘ 
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The Fundamentals of 
College Chemistry 


Widely 


Used SECOND EDITION 
9 impo! 
G. Brooks King, The State College of Washington 
William E. Caldwell, College 
The Second Edition of The Fundamentals of College Chemistry continues to Ie Toh 


answer the need for a beginning chemistry text that can be mastered with a 


minimum of guidance from the instructor. The basic facts and principles of Byel—a 
chemistry are presented clearly and simply, and 604 problems are included. shortage 
ompan 

nounced 


fellowshi 


science a 


N Laboratory Experiments ‘Tron 
weed in General Chemistry nal 


G. Brooks King, The State College of Washington os 
William E. Caldwell, Oregon State College : te 
0 
While this manual is planned to accompany The Fundamentals of College Chem- mg 


istry, Second Edition, it may easily be adapted to other textbooks in general § piversit 
chemistry. It contains 65 experiments—more than enough for a year’s work make up 


—and exercises illustrating the principles studied in the experiments. > 
Matne 
eachers 
known 


American Book Company): 
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COLLEGE DIVISION « 55 FIFTH AVENUE, NEW YORK 3, N. Y. vo orhen 
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SERIES 4500-STIRRER TYPE 


PRESSURE REACTION APPARATUS ore 

the instr 

Laboratories engaged in hydrogenation, alkylation, hydroly- own a 

sis, polymerization, sulfonation and other pressure reactions applicant 
will recognize many applications for this versatile stirrer- people, 

lished ny 


An internal stainless steel cooling coil can be added, if 
desired. Maximum operating pressure is 1000 psig at 350 C. 


Foundati 
nology, 
lllinois, i: 
processes 

ial 
act the « 


The « 
papers fr 
Copolyn 
made ave 
ime, it 
Office of 
ment of C 
The 3,7 
February 
e avails 
opy anc 
Photodup 


The |-liter bomb (A) weighs only 30 Ibs. The same assembly the stirrer. Bombs are made of type 316 stainless steel or from ; 

with 2-liter cylinder weighs 34 Ibs. Notice (B) how the head other alloys on special order. Both | and 2 liter bombs Yoard Pre 
can be removed without disturbing the fittings. Special heads operate in the same 1500 watt electric heater with variable ashingt 
(C) with any combination of fittings can be substituted for voltage temperature control. len tified 
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o import apparatus, yet have the crafts- 
nen and vocational schools where such 
equipment might be manufactured locally 
st a large saving. 


To help offset the dangerous cutback 
n science teaching at the secondary 
evel—a, basic cause for our critical 
shortage of . graduate  scientists—Shell 
ompanies Foundation, Inc., has an- 
nounced a broad program of recognition 
fellowships for high school teachers of 
sience and mathematics. 

Through the program, worked out with 
he cooperation of the leading educa- 
ional associations, Shell will underwrite 
summer seminars at Stanford and Cornell 
Universities for 60 teachers yearly. The 
Fellowship recipients, chosen on the basis 
of merit and demonstrated leadership 
jualities, will receive travel allowances, all 
uition and fees, living expenses on the 
niversity campus and $400 in cash to 
make up for the loss of potential summer 
earnings. 

Mathematics, physics or chemistry 
eachers with five years’ experience and 
known leadership ability will be eligible 
or the Fellowships. Thirty teachers 
from west of the Mississippi River will 
kttend the eight-week Stanford program 
which will be administered by the School 
f Education. Thirty from east of the 
Mississippi will be invited to a similar 
kix-week series of courses at Cornell. 
Requests for Fellowship applications 
should be sent to Cornell and Stanford. 


he completed forms-must be accom- 
panied by personal recommendations from 
he instructor’s high school principal, a 
aculty member from his most recent 
rollege and someone who can attest to the 
applicant’s leadership talents with young 
people. 


* Industrial Research Newsletter pub- 
ished monthly by Armour Research 
Foundation of Illinois Institute of Tech- 
nology, Technology Center, Chicago 16, 
llinois, is a compilation of new products, 
processes and ideas in the field of indus- 
ial research and development. Con- 
act the editor, Neil Ruzic, for your copy. 


* The complete collection of technical 
papers from the Government Synthetic 
Copolymer) Rubber Program has been 
made available to the public for the first 
ime, it was announced recently by the 
fice of Technical Services, U. 8. Depart- 
ment of Commerce. 

The 3,750 reports, covering the period 
February 1, 1943 through June 30, 1954, 
e available only in microfilm or photo- 
oy and may be obtained from the 
Photoduplication Service, Publication 
Board Project, of the Library of Congress, 
Washington 25, D. C. The papers are 
lentified as PB 118310. Micro-filmed 
ards giving title and a brief summary of 
ach of the reports are also available. 
Prices will be quoted by the Library on 
bquest. 


Many laboratories throughout the 
‘orld are engaged in mass spectrometer 


research on the natural abundance of 
isotopes of the various elements, Suth 
research is invaluable in geology and 
geophysics for determining the age of 
minerals. It also provides information on 
the temperature and physical conditions 
of the earth when various minerals were 
formed. However, in performing this 
research each laboratory has adopted 
arbitrary standards of comparison. So 
with a lack of common standards for refer- 
ral an unnecessary uncertainty exists in 
regard to available isotope abundance 
data. 

At the request of the U. 8S. Geological 
Survey, the National Bureau of Standards 
has undertaken a program of preparing 
and distributing reference samples for use 
in research on natural abundance of iso- 
topes. Sponsored by the AEC the pro- 
gram is under the direction of F. L. 
Mohler of the Mass Spectrometry Sec- 
tion. 


% One-quarter of the earth’s surface is 
going to waste because it does not receive 
sufficient rainfall to permit plants, ani- 
mals...and men...to survive. Scarred by 
wind erosion, blistered by incessant sun, 
these 6,400,000,000 acres are the world’s 
arid lands and they amount to two-and- 
one-half times the area now farmed by a 
hungry world which has yet to solve the 
problem of feeding its entire population. 

The problems of this vast arid zone and, 
even more important, the methods used by 
modern science in an international effort to 
solve them, are described in the Novem- 
ber, 1955, issue of the UNESCO Courier. 

Some of these methods, the UNESCO 
Courier shows, have reached a stage of 
development which, a few decades ago, 
would have been considered possible only 
in the pages of science fiction. 

The Courier is available at 25 cents per 
copy from UNESCO Publications Service, 
475 Fifth Avenue, New York. 


Yes, we’re bragging—and understandably so; 
because we back our elaim with the uncondi- 
tional guarantee that if ALCOJET is not the 
finest machine detergent you have ever used, 
please return the empty box for a full 

cash refund. 


If you use a machine washer to clean 
laboratory glassware, Porcelain, Metal or 
Plastic equipment use ALCOJET, the detergent 
specifically designed to prevent streaking, 
spotting or film residues. 

ALCOJET is made by the manufacturers of 
ALCONOX, the world’s leading hospital 

and laboratory detergent for hand washing. 
Order from your regular Alconox supplier or 
write direct to Department M for free sample 
and additional information. 


61-63 CORNELISON AVE., JERSEY CITY 4, Nv. J. 
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CRYSTAL RESEARCH LABORATORIES, INC. 


WATER -DE- MINERAL. izeo ro HIGHER PURITY 


AND ONE LOW COST :COMPACT UNIT 


DEEMINIZER CL-5 


> 10N EXCHANGE DEMINERALIZER 


COMPLETE WITH DIRECT READING 
ELECTRIC QUALITY-CHECK METER. 


Reservoir supply for instant use. Capacity 
up to 5 gal. per hour. Constant gravity 
feed insures consistent quality. No flow 
control to set — no waste. Portable. No 
plumbing necessary. Keep a convenient 
DEEMINIZER® near each point of use 
— on each project. 


Crystalab DEEMINITE® ion exchange 
filters are super-charged by exclusive 
Crystalab process to insure maximum ad- 
sorptive capacity. Removes all ionized 
minerals and dissolved solids such as 
anions (sulphates, chlorides, bicarbonates, fluorides, silicates, 
carbonates, etc.) and cations (iron, nickel, calcium, man- 
ganese, sodium, etc.) Ionic purity of effluent less than 1 
ppm — initially. 


In use Lance mae ot the world as laboratory standard—order to- 
day direct—or ‘Ough any leading supply, house. 
‘CLS $39.50 and carton INITE g 
resin filters $11.70. 

*Patent applied for. 


Technical Bulletin Available 


Dept L-55, 29 Allyn St. Hartford 3. Conn 


“LINDE” M.S.C.rare gases are the purest obtaina 


HELIUM - NEON - ARGON - KRYPTON - XENON 


LINDE rare gases are produced under continuous 
mass spectrometer control to assure you of gases 
of known purity and consistently high quality. 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. 
LINDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 
nicians and engineers to all of its customers on 
their rare gas problems. 

Write for the booklet, ““LinpE Rare Gases’”’ 
which contains information on the physical, chem- 
ical, and electrical properties of these gases. 


LINDE AIR PRODUCTS COMPANY 
A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street [IS3 New York 17, N. Y. 
In Canada: LINDE AIR PRODUCTS COMPANY 
Division of Union Carbide Canada Limited 
(formerly Dominion Oxygen Company) 


The term “Linde” is a registered trade-mark of Union Carbide and 


Carbon Corporation. 


Saves Valuable Class Time 


CHEMICAL SYMBOLISM 
AND CALCULATIONS 
By Stanley W. Morse 


Provides a quick review for the student beginning college 
chemistry and increases his facility in using symbolism 
and calculations. This newly revised and enlar, 
workbook includes 26 sets of assignment problems for 
practice and check. 

“Methods used . . . are based on an understanding of 
principles rather than on memorization of formulas. 

—JOURNAL OF CHEMICAL EDUCATION 


Send for examination copy of this helpful aid. Price $2.00 


THE NATIONAL PRESS 
435 Alma St., Palo Alto, Calif. 


Use this handy subscription form 
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CHEMICAL EDUCATION for...... ears. 
_) Remittance of $...... ) Please send 
invoice. 
One $3.50 _ Two years $6.00 Three $8.50 3 
on Foreign add $1.00 ' 
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Ask us for others! 
DELTA CHEMICAL WORKS inc. 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza7-6317. 
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HOW?, WHEN?, AND NOW, WHO? 


“Nuclear energy—tomorrow’s power.” In the past 
decade this topic has made science and engineering 
front-page news. In fact it isso much so that the well- 
. informed scientist or engineer must consider the news- 
paper headlines to be required reading. The question 
marks which punctuated yesterday’s discussion of this 
theme get straightened out into exclamation points by 
today’s information. Often the imagination’s model is 
shoved aside abruptly by the fazt accompll.. 

The pattern of queries has changed in recent years. 
The big question marks which appeared in the “How?” 
column shifted over into the list headed “When?” 
Answers to the many forms of the “Can it be done?” 
question began to come early in the days of the Man- 


bide and 


@battan Project. Each solved problem spawned many 
- new puzzles. Stagg Field, Alamogordo, and Hanford 
cls- were big answers. The questions they raised were 
nates equally big. These, in turn, are being answered by the 
wed HRE, EBR, STR, and the other successful R’s of the 
FAEC’s progressively thicker alphabet soup. 

= As practical industrial nuclear power appeared over 
wone the horizon of economic feasibility, the estimates in 
thiol; answer to the “‘When?” began to sound like authorita- 
nee tive statements. Dwindling supplies of fossil fuels 
— asked no questions; they added the emphasis of 
a wgency. Those asking a cautious, “Is there enough 
~ ow nuclear fuel?” have had their worries postponed for a 
century. 

stine; The big question which now looms over any con- 
= templation of satiating future civilization’s grow- 
mide) Ming power appetite is “Who?” How to satisfy the 
= demands for scientifically trained manpower in the 
md nuclear age is very much the biggest question mark in 
pte the picture. The obvious complication is that tomor- 


hate, PRTOW’s answer depends entirely upon today’s action. 
There can be no crash program of recruiting and training 
those who will make today’s successful experiments into 
tomorrow’s supply of kilowatts. 


H. W. B. Skinner in the Times Science Review (Lon- 
don) reflected on the Geneva Conference as follows: 


Nuclear power is not a thing which can be unleashed on a 
country with insufficient trained manpower. ... It is to be 
hoped that the international conference will lead to the realiza- 
tion by all nations that if they wish to have nuclear power, they 
must plan to train nuclear scientists in the numbers needed for 
their programs, and that for this the first requirement is a basic 
scientific education. 


Chairman Lewis L. Strauss of the AEC addressed the 
Sixth Edison Institute on the subject, “Freedom’s 
need for the trained man.” 


The indispensable component of success obviously is gzay 
matter. Here we have been fortunate, until now. But while 
we can look ahead and see no dearth in raw materials or means, 
the prospect for trained minds is a gloomy one. Men and women 
cannot be qualified in disciplines so exacting as modern science 
without a dedicatory period—an apprenticeship of years. 


At the same meeting, Admiral Rickover, the man 
most responsible for the Navy’s Nautilus said: 


In dealing with the problems involved in nuclear power, I have 
found them to be but one facet of a much larger problem—how to 
provide trained men and women to maintain the momentum of 
our rapidly expanding technical civilization. 


What this means is that the biggest, most perplexing 
question about ‘Nuclear energy—tomorrow’s power” 
is being answered in every science classroom. We 
always have maintained, and shall restate every chance 
we get, that more choices for or against science as a 
career are made in the classroom than anywhere else. 
No matter what policy decisions are made by high 
authorities, no matter what publicity is given the crisis 
by the press, no matter how many P.T.A.’s are urged to 
“do something,” the door to a career in science is the 
door to the classroom. Good teaching keeps it open; 
mere information-dispensing and examination-grading 
slams it shut. 

The question ‘‘Who?” is urgent. The encouragement 
of a teacher interested in students as individuals is the 
best answer that can be given. 
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Symposium on Training Chemists and Chemical Engineers in Technical Writing 


= TRENDS IN THE TEACHING OF THE 
FIRST TWO “R‘S‘“ 


Tue training of chemists and chemical engineers in 
technical writing is today of considerable importance. 
Their jobs in industry and government require these 
men and women to write many types of documents— 
notebooks, memoranda, reports, papers, letters, and 
the like. Thus their ability to do a satisfactory 
(preferably excellent) job of writing is of real signifi- 
cance—not only to their employers, who must depend 
upon such documents for information, but also to them- 
selves, since their reputations and careers are often 
affected by their facility for clear, concise, and adequate 
expression. 

In considering phases of the training of chemists and 
chemical engineers in technical writing, it would be 
wrong to ignore the related parts of the educational 
process which precede college. Here we find quite a 
controversy raging. 

On one side, we hear accusations hurled as to ““Why 
Johnny Can’t Read” (/), and also comments on the bad 
effect this incompetence is having on his ability even to 
get through chemistry school, much less to write well 
when he has graduated (2). We read articles on 
“English as she’s not taught” (3), ‘“What’s wrong with 
English teaching?” (4), and “Our schools can teach 
writing—if they are made to” (5). Most of the blame 
is placed on modern methods of teaching, as con- 
trasted with those used on most of us. Some of it is 
charged to the vast increase in enrollment in primary 
and secondary schools, with the concomitant shortage 
of qualified teachers and overcrowding of classes (6). 

On the other side, we hear the voices of the educa- 
tors—those charged with the task of developing and 
applying methods of teaching English and composition 
under these trying circumstances—men and women who 
are, in some cases, students of psychology and sociology 
as well as of English. We hear about stress being 
placed on learning by self-discovery—practical in- 
stances of ‘‘What do I need to know that for?” In some 
schools, grammar is taught only as it is needed to in- 
terpret language. The functional purposes of English 
rather than the “thou shalt not’s’” are being emphasized 


1 Introductory remarks to the Symposium presented before the 
Division of Chemical Literature at the 128th Meeting of the 
American Chemical Society, Minneapolis, September, 1955. 


Ethyl Corporation Research Laboratories, 
Detroit, Michigan 


in the classroom. Listening techniques, library skills, 
and note-taking are all being introduced as essential 
parts of training for more efficient learning. Practice— 
in reading, writing, and spelling—is becoming a recog- 
nized necessity. In some high schools—and this is of 
importance to chemists and chemical engineers, whose 
college load permits all-too-few ‘cultural’? courses— 
more concern is again being given to the study of the 
classics and to reading for enjoyment (7, 8). 

We also hear the voices of those who point out that 
part of the difficulties with reading and writing that 
students are having in college, and thereafter, lies in 
the fact that more high-school graduates are attending 
college. Hence, the “Johnny” Joe College of today is 
more representative than ever before of the average 
(never-too-literate) teen-age American (9). This is 
not cited as an excuse, but rather as a plea not to stifle 
attempts to replace older methods of teaching English 
with those more attuned to present demands. 

Colleges today are doing more than ever before to 
train chemists and chemical engineers in technical 
writing. They are striving to overcome previous de- 
ficiencies, and to impart a sound knowledge of and prac- 
tice in the fundamentals of good technical writing. If 
this is continued, it is possible that no future Perkins 
Medalist will ever again have to deplore the below- 
average ability of scientists in both oral expression and 
the facility with which they write clear, concise Eng- 
lish. 

No miracles are to be expected overnight, of course. 
As was pointed out in a recent A. C. S. paper (10), 
‘Sometimes overlooked. . .is the fact that the average 
technical man did not enter his profession chiefly be- 
cause he loved to write—to express himself often, and 
in detail, in written words. College teachers of tech- 
nical-writing classes usually realize the limitations 
which the disinterest of students imposes on their 
efforts. Despite the exhortations of industry, all too 
often the only achievements possible for such teachers 
are to put the rules and reasons for good technical writing 
in front of their students, to require them to invest a 
reasonable amount of practice in applying them, to 
whittle away at some of the roughest edges left by pre- 
vious educators, and to hope that their students will at 
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least remember where to look for help when the day 
arrives that technical writing becomes more than ex- 
ercises or college assignments.” 

Industry and government, admittedly, are not satis- 
fied with the writing ability of graduates in chemistry 
and chemical engineering, new or old. To remedy this 
situation many organizations are supplying editors, who 
teach as well as correct, and are giving in-plant courses 
in technical writing. More such efforts will undoubt- 
edly be necessary, for it is probably just as unfair to ex- 
pect the colleges to turn out fully qualified technical 
writers as it is to expect technical graduates to have no 
need for on-the-job training of other types. Indeed, 
modern programs of employee development stress 
additional training in technical writing. 

Obviously, then, educational institutions, industry, 
and government are not standing still when it comes 
toimproving the reading and writing abilities of the men 
and women with whom they are concerned. Since the 


world has a way of changing, and since each year brings 
new faces into the picture, we can expect the teaching of 
the first two “R’s” to continue to be both important 
and dynamic. 
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* WHAT COLLEGES ARE DOING TO TRAIN 
CHEMISTS AND CHEMICAL ENGINEERS IN 
TECHNICAL WRITING’ 


\ 


i 


Recentiy a former student returned to see kow the 
department was doing without him. He made a sig- 
nificant statement: ‘Although I am in technical work, 
my job is selling. I have to sell my ideas to my 
superiors, by both oral persuasion and written re- 
ports.”” He went on to elaborate how important it was 
to him personally to make an excellent impression in 
selling his ideas, because he actually was selling himself 
as far as advancement in the company was concerned. 
This began some reminiscences concerning the attitude 
this man, as a student, had toward the emphasis the 
faculty placed on content, form, and English in the 
required reports .in various courses. The faculty just 
had not done a convincing job of selling report writing 
to the students. Their attitude largely remains: 
"You, Gat... 

We should sel] the idea to the students. Let us look 
at the evidence. Back in 1937, Chemical Industries 
ran a series of articles? on Why Chemists Get Fired. 
Some statements made apply to all technical men. 


' Presented as part of the Symposium on Training Chemists 
and Chemical Enginheers in Technical Writing before the Division 
of Chemical Literature at the 128th Meeting of the American 
Chemical Society, Minneapolis, September, 1955. 

2 Symposium, Why Chemists Get Fired, Chem. Ind., 41, 237, 
351 (1937). 


KENNETH A. KOBE 
University of Texas, Austin, Texas 


A criticism repeated again and again by executives of 
chemical companies can be epitomized by the statement 
of Dr. Robert E. Wilson, then president of the Pan- 
American Petroleum and Transport Company and now 
chairman of the board of directors of the Standard Oil 
Company of Indiana: “In my experience the greatest 
weakness of the average chemical engineer today is in 
the lack of ability to assemble a good report which is at 
once well organized, clear, and persuasive.” 

That the complaint has not changed from that of 
1937 is shown in an editorial’ which summarizes the 
statements of a number of executives. The late 
Willard Dow, then president of the Dow Chemical 
Company, stated, average engineer is most in- 
adequately equipped to express himself in the English 
language.”’ 

This criticism is not directed merely at the four-year 
graduate. The American Chemical Society Com- 
mittee on Professional Training found in its survey 
of graduate training at the doctorate level‘ that chemi- 
cal industrial research executives were still asking for 
the same thing: ‘Industrial research is badly in need 
of men who possess...the ability to express conclu- 


3 Murphy, W. J., Ind. Eng. Chem., 39, 807 (1947). 
4 Briuinas, E. M., Chem. Eng. News, 25, 2076 (1947). 


sions and substantiate them convincingly either orally 
or in writing and in terms adapted to the background 
and thinking processes of those addressed.”’ 


REPORTING IS UNIVERSAL 


Does the ability to write excellent reports pay off 
only in progress in a technical branch? No, its merit 
goes beyond the limits of the plant, laboratory, or 
design office. This car be illustrated by a letter re- 
ceived during World War II from a former student who 
was a captain in the plans and training section of the 
XVI Corps. After an inspection of a division of the 
Corps he had to prepare a report on its state of training. 
As he related it, he prepared the report in “good old 
chemical engineering style’? and submitted it to the 
chief of training. After a week it was returned with a 
note from the Chief of Staff stating, “I want all our 
reports to look like this one.” Within a month the 
captain became a major. 

The chemist and the chemical engineer must be able 
to prepare their technical report with a degree of facility 
equal to that used in their technical work. After the 
carefully planned experimental investigation has been 
completed, the data evaluated and correlated, and the 
conclusions and recommendations carefully drawn, 
the comprehensive report must be written. Productive 
work ceases, and no further technical accomplishment 
is made until the report has been completed. ‘Thus, a 
really effective engineer or chemist is the one who can 
write an adequate report in the shortest possible time; 
he is the one who gets the most technical work done 
in a given period of time and advances his ideas to his 
superiors at the earliest practical moment. There is, 
of course, a suitable compromise between the quality of 
work done, and a general concept of an optimum is 
applicable in this case.® 


INDUSTRY DEMANDS SKILL IN REPORTING 


This insistent demand of industry for men trained 
to express themselves clearly and forcefully in both 
written and spoken English has had its impact on the 
colleges and universities. The departments of chem- 
istry and chemical engineering have put pressure on the 
department of English to minimize its traditional 
training in composition and literature and to give 
special training adapted to the special needs of students 
in science and engineering. These needs are par- 
ticularly the subjects of letter writing, report writing, 
and oral reporting. 

Technical English courses are more frequent now. 
This program has been making rapid progress (from 
the educational viewpoint). In 1948 a survey of the 
departments of chemical engineering accredited by 
A. I. Ch. E. and A. C. 8. showed that 15 of 53 schools 
had a special course in technical writing.6 A recent 
survey of the 1954-55 curricula of the 86 schools 
accredited in chemical engineering showed that 41 
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schools now require a course in technical writing and 39 
Schools require courses in speech.’ 

In the 41 chemical engineering schools requiring a 
technical-writing course, the maximum credit is 9 
semester-hours at the University of Virginia, followed 
by 6 semester-hours at Vanderbilt University. Four 
semester-hour courses are given at 4 schools; 3 semes- 
ter-hour courses at 16 schools; 2 semester-hour courses 
at 17 schools, and one school gives a 1 semester-hour 
course. At two schools (Wisconsin and Mississippi) 
the courses are taught by chemical engineers in their 
own department. At Iowa State College the course is 
given in civil engineering. 

In the 39 schools requiring speech courses the usual 
course is a 2 semester-hour course (19 schools) or a 3 
semester-hour course (11 schools), though 3 schools 
require a 4 semester-hour course. 

Because of the more “cultural” education of the 
chemist in many liberal-arts schools, it is doubtful that 
the percentage of schools that require technical English 
courses is as high as for the chemical engineers. In 
universities where the curriculum for the professional de- 
gree in chemistry isin a professional school, the chemist 
may take the same course as the chemical engineer 
(as they do at the University of Minnesota) or a slightly 
modified course (as they do at the University of Texas). 
In some chemistry departments, an individual pro- 
fessor has recognized the need for improved technical 
writing and has put in his own courses, as has Professor 
Mellon at Purdue University with his courses in 
chemical literature and chemical writing. 


CONTINUED PRACTICE IS NECESSARY 


It is not enough to expose the student to a course in 
technical writing. The rapid regression, no matter 
how high the initial degree of achievement, will undo 
most of the benefits of special training unless a con- 
tinued use is made of the newly acquired skill in techni- 
cal writing. Whether or not the student will exercise 
his new ability and whether it will progress or regress 
depends entirely on his instructors in his major field. 

If the attitude of the instructor in his professional 
courses is one of indifference to good writing and good 
form of reporting, then the student may take the easy 
way out and do a job which is good enough to “get by” 
with the instructor. After a long series of such medi- 
ocre jobs the student will no longer have either the will 
or the know-how to produce a report that would satisfy 
industry. 

A unique system is used by the Department of 
Chemical Engineering at the University of Texas to 
insure a continuation and progression of skill in tech- 
nical report writing. The student is given a sophomore 
course in writing for engineers. Each instructor in 
junior and higher level courses takes the attitude that 
the student then can and must produce reports that 
would be acceptable to the English department. The 


5 DrakEGER, A. A., Personal communication, Jan. 14, 1947. 
® Kose, K. A., Trans. Ch. E. Div., A. S. E. E., 1948, Pt. II, 
J. Eng. Educ., 39, 573 (1949). 


7 Koss, K. A., ‘The chemical engineering curriculum, 1954- 
55,” paper delivered at Fourth Summer School for Chemical En- 
gineering Teachers, 1955. 
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student procures a brief text which tells him something 
about literature surveys, forms of reports, laboratory 
reports, formal reports, and the mechanical preparation 
of the report.® 

After the student turns in his report, it is graded by 
the instructor for its technical content. The instructor 
also makes notations concerning gross errors in form, 
clarity of presentation, and the like. The report then 
goes to an assistant, an English major, who corrects 
the report carefully and grades it on the same basis as 
it would have been graded in the technical English 
course. A rubber stamp is used to stamp on the title 
page of the report the various items of importance, like 
form, coherence, choice of words, ete., for which in- 
dividual grades are given and then the grade for 
English in the over-all report. When the instructor 
discusses the report with the student he emphasizes the 
importance of the form and English, as well as the 
technical content. If a student consistently produces 
reports poor in English, he is sent to the English work- 

8 Kose, K. A., “Chemical Engineering Reports,” Hemphill’s 
Bookstore, Austin, Texas, 1950. 
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shop where he gets individual instruction until his work is 
brought up to a satisfactory level. It soon becomes 
known to the students that this extra work is the fate of 
the man who cannot or will not produce good reports. 

If industry wants men well trained in technical 
English they must do two things. First, they must help 
sell the student the idea that technical English is 
important. How many company personnel men ask a 
student to bring to the interview some of his labora- 
tory reports? How much stress is placed on perform- 
ance in this field? Emphasis such as this would soon 
make all students aware of the interest of industry 
in good performance. Industry must also continue 
the training program begun at the school. It can 
conduct special classes and seminars for the new 
employees to tell them just how company reports are 
to be made. Encouragement to take courses in public 
speaking and the like can be given in various ways. 

Technical men are trained to solve problems. If a 
“problem” exists in technical communications it can 
be solved by making the problem apparent and the 
solution worth-while. 


+ 


THE EDUCATIONAL ROLE OF THE 


TECHNICAL EDITOR’ 


Tecuntcat editors, in whatever field they may be 
working, have several chores in common. They must 
assume the toga, the trials, and the tribulations of the 
teacher. They must deal freely with instruction—in- 
struction to the technical staff, to secretaries and 
stenographers, and, often subtly, to those in adminis- 
trative capacities. Technical editors must see that the 
library contains books and articles on report writing, 
that dictionaries are available, and that each author 
is provided with a practical style manual that represents 
good English usage and reflects the preferences of 
management. They must supply typists with secre- 
tarial handbooks and ,in some cases technical editcrs 
must even provide a sheltered sanctuary where the 
harassed group leader can, literally, hide from his men 
while he concentrates on the preparation of a difficult 
and exacting report. 

In chemical engineering industries the technical 
editor, who is primarily a teacher, trains chemists and 
chemical engineers to write clearly and simply. In 


1 Presented as part of the Symposium on Training Chemists 
and Chemical Engineers in Technical Writing before the Divi- 
sion of Chemical Literature at the 128th Meeting of the Ameri- 
can Chemical Society, Minneapolis, September, 1955. 


D. S. DAVIS 
Virginia Polytechnic Institute, Blacksburg, Virginia 


carrying out this program he holds occasional group 
meetings to discuss matters of interest to all his authors, 
he conducts one or more private conferences with each 
author on each report, he demonstrates his complete 
willingness to answer questions about report writing 
at all times, and he prepares weekly bulletins to stimu- 
late interest in good writing. He displays pertinent 
material on bulletin boards, he makes his services 
available to stenographers and secretaries, and he 
watches for opportunities for adroit, disguised in- 
struction of those in administrative capacities. 


TRAINING CHEMISTS AND ENGINEERS 


Not oftener than once a month the astute technical 
editor calls a half-hour meeting of those chemists and 
chemical engineers who are charged with writing re- 
ports. He passes on to them general comments about 
technical writing made by administrative people, he 
discusses unfortunate trends that he-has noted in recent 
reports, and he explains the need for any new procedures 
in routing. In the event of lively, worth-while dis- 
cussion, he does not hesitate to let the meeting run over 
the half-hour originally planned. 

Although group meetings provide a fairly good op- 
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portunity for instruction, the earnest technical editor 
does the best of his teaching during private conferences 
with his technical writers. After the editor has gone 
over a report two or three times and has analyzed the 
difficulties of the author, he sees the desirability of 
a relaxed private conference—either in the author’s 
office or his own. At this point the editor must draw 
deeply on his reserves of tact and patience. 

Many otherwise well-adjusted people are extremely 
sensitive toward the best-intentioned criticism of ma- 
terial that they have written. One can comment freely 
on a man’s personal appearance, his habits, his dog, 
his wife, and even, at times, his automobile, but when 
an editor undertakes to point out deficiencies in a 
man’s written work preliminary to helping him achieve 
improvement, he must don his kid gloves and proceed 
gingerly with the greatest of caution. 

The editor, in a relaxed atmosphere of his own cre- 
ation, must establish rapport with his author and put 
him in a receptive mood. Already familiar with the 
interests of the author, the editor, in difficult, ticklish 
cases, may lead off with a sincere compliment on the 
author’s bowling abilities, his success with roses and 
tomatoes, or his glistening new Pontiac. In easy 
stages the editor leads the conversation from strikes, 
thrips, dry rot, or trade-in values through some of the 
problems that face the department to the report in 
question. Meanwhile he may have to listen to the 
author’s opinion of the chances of queer animals known 
as “Tigers,” and dull, doubtful characters called 
“Dodgers,” a pointless monologue on mulching, the 
best route from Chicago to New York, the recent ail- 
ments of his children, and his latest skirmish with his 
mother-in-law. 

If, at the end of half an hour, author and editor 
can approach the report as friends, too much time has 
not been wasted. The editor says, “You know, Ed, 
that report’s in pretty fair shape.” (Of course it 
isn’t, but the Recording Angel doesn’t put down big 
black marks for little white lies like this one.) ‘I think 
Mr. Bigdome will like it, too, but he may question one 
or two points—you know how he is!’”’ (Ed does know 
how Mr. Bigdome is. He thinks he knows what he is, 
too, for Mr. Bigdome raised the roof with Ed about his 
last report—the one Ed turned in just before the 
editor came on the job.) The editor goes on, ‘Could 
you give me a little help with a couple of things I don’t 
understand?” Ed has nothing to lose; in a few min- 
utes he straightens out this not-so-very bright editor, 
explains just what he meant, and writes in a few words 
so that even the editor can understand the passage. 

Encouraged, the editor, pushing his luck, tackles 
one of the faulty conclusions. ‘The curves in Figures 
4 and 5 show that the addition of 0.5 per cent of X-17 
increases the solubility of the resin by 20 per cent and 
decreases the viscosity appreciably,” he reads. ‘I 
don’t know much about these resins and—”’ ‘Why, 
that’s easy,” says Ed. “Look, this top curve in Figure 
4 and this lower curve in Figure 5—say, I meant just 
_the opposite, didn’t I?” 
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Many chemists and chemical engineers realize that 
they have difficulty in expressing themselves on paper 
and welcome assistance and frank criticism. The 
editor usually experiences no trouble in working with 
them. They are busy and he is busy. He needs to 
waste little time in preliminaries, but can impart his 
instruction, secure immediate cooperation, and go his 
way. 

The editor keeps a file card for each report. On the 
card he lists the title of the report, its number, the date, 
and the name of the author. In some cases he adds a 
comment about the quality of the report and the kinds 
of correction needed. He may actually give the first 
draft a mark. Quarterly he submits a memorandum to 
the administrative people in which he calls attention 
to significant improvement in technical writing on the 
part of certain of his authors. He makes no mention 
at all of unsatisfactory work—he does not need to. 

The wise technical editor keeps his office door open 
and circulates freely around the laboratories and pilot 
plants. He is never too busy to stop to answer questions 
or te assure someone over the telephone that “data 
are’’ is better than “data is.’”” He encourages the idea 
that his editorial division or “edivision”’ is a clearing 
house for quick answers and trains his assistants and 
secretaries to do anything to keep the customers happy. 


BULLETINS AND DISPLAYS 


The editor prepares single-page weekly mimeo- 
graphed bulletins in which he calls attention to changes 
in procedure, illustrates points of style, lists words 
misspelled in recent reports, suggests synonyins, and 
quotes current articles on technical writing. He keeps 
his paragraphs short, employs the light touch through- 
out, and indulges in games with his readers in which he 
offers trivial prizes—a peanut, a penny, a stick of gum, 
a cigaret—for the first to correct a difficult passage 
in a test paragraph. Occasionally he writes technical 
material himself, requests criticism, and gives his 
authors a welcome chance to turn the tables on him. 

Realizing the importance of keeping authors con- 
scious of good English usage, he decorates a bulletin 
board in the corridor just outside his office with perti- 
nent clippings and cartoons. These range from amus- 
ing items such as, “‘The bride, daughter of the Presby- 
terian minister, and the groom will make their home 
at the Old Mans,” “Mrs. Andrews spent the winter 
under the doctor’s car,’”’ and to barbecue mate” 
from newspapers to such inanities as, ‘“There’s nothing 
like a dinner invitation—especially a home-cooked one” 
heard on the radio, “A soluble dyestuff maker’ and 
“This study helps fill a much-needed gap in the theory” 
from technical literature, and “The Dane got into a 
fight with another dog, received a bite on the leg, which 
became infected and died a few days later” and ‘Helen 
decided to wear one of David’s favorite evening gowns” 
from current novels. 

To combat the tendency for typists to “follow the 
copy though it lead out the window,” the technical 
editor urges them to refer freely to their handbooks of 
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secretarial practice, and to discuss points of grammar 
with the technical men whose dictation they take. He 
finds that many stenographers and secretaries have 
real curiosity as to what goes on in the plant and labora- 
tory and arranges for them to take guided tours through 
these areas. 

In three months’ time any competent technical 
editor who is willing to devote his energies to patient 
teaching can effect noticeable improvement in the 
quality of the reports turned out by a research or de- 
velopment organization. In six months he can dem- 
onstrate conclusively the value of his services to even 
the most skeptical of administrators. In theory the 
successful technical editor works himself out of a job. 
Actually he never does—recent graduates join the 
staff from time to time. Sufficiently well-trained in 


chemistry and engineering, they will probably always 
be deficient in English and report writing. At the 
“‘worst”’ the editor’s work merely becomes easier as he 
assists his authors to attain proficiency and to lean 
less and less on his attentions to their reports. 

Even though the technical editor conducts lively 
group meetings, is tireless in his tutoring, makes him- 
self available at all times for advice and assistance, and 
imparts instruction patiently and deftly at the level 
of the typists, technical personnel, and administrative 
people, he will not be able to please everyone. 

To summarize: In chemical engineering industries, 
the technical editor teaches chemists, engineers, secre- 
taries, and administrative people by means of group 
meetings, private conferences, bulletins, displays, and 
his own writings. 


TEACHING REPORT WRITING TO 


PROFESSIONAL CHEMISTS AND 
CHEMICAL ENGINEERS’ 


A surprisinety large number of industrial and 
governmental laboratories have taken the time and 
spent the money to augment the knowledge of their 
chemists and chemical engineers in report writing. 
Apparently these organizations believe that greater 
efficiency of their research effort can be realized if they 
can improve the quality of reporting. 

Several approaches to the report-writing problem 
are being taken throughout the country. Some lab- 
oratories accept the chemist as he is and hire writers 
to assist him. Others believe that scientists should 
do their own writing, and they try to teach the engineer 
and chemist how to communicate effectively in writing. 
The teaching takes on several forms. Some are subtle: 
they distribute journal reprints on how to improve 
report writing; they buy books on the subject and 
put them on their library shelves; and through their 
library bulletin they distribute hints on writing. Some 
organizations are very subtle: they promote to group 
leader only those who, among other things, have shown 
distinct ability in report writing. 

A more direct form of teaching technical writing 
uses either of two methods: (1) informal seminars, 
consultations, and editing, or (2) formal on-the-job 
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training courses. This discussion concerns these formal 
courses. 

This summer I sent out 188 questionnaires to indus- 
trial and governmental members of the Chemical 
Literature Division, among others, and the response 
was most gratifying (110 replies). Twenty per cent 
of these reported their experiences with formal courses 
to teach chemists and chemical engineers to write 
better. These experiences are the basis for this paper. 
Many people having no experience with formal courses 
contributed valuable comments on other approaches 
they had used. Several sent report manuals they use, 
and most interesting were those who were hoping for or 
planning such a course. 

I asked on the questionnaire if there had been any 
on-the-job training courses given during the past five 
years to teach chemists and chemical engineers to write 
better. If so, were lectures, discussions, or work 
assignments involved? I wanted to know how many 
students had attended, the qualifications of the teacher, 
and the subjects treated. I asked about the length of 
the classes and the course. If it was a success or not, 
I wanted to know how they knew. If a follow-up was 
employed, I asked the nature of it. Student reaction 
was important, I thought, so I asked about that. 
Finally I asked for any criticisms, conclusions, or sug- 
gestions about the course, and as an afterthought I 
asked for a copy of any style manuals in use. 
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A study of the returns revealed some interesting 
facts and data. All the formal courses involved lec- 
tures by some teacher. Most of them allowed discus- 
sion, and over half of them required werk assignments. 
The 23 courses reported reached over 2000 chemists and 
chemical engineers during the past two years. 


PLANNING THE TECHNICAL WRITING COURSE 


All of these courses required a great deal of planning 
before they were started. An obviously important 
step in planning was to procure a teacher. Apparently, 
there are three types of teachers to choose from. One 
may hire a consultant who is reputed to know 
the needs, techniques, and psychology of technical 
writing. For a fee he will take on most of the burden 
of running such a course. Over half of the reporting 
research organizations who used this technique re- 
gretted it and called their courses a failure. In all 
fairness, however, I should report that hiring a con- 
sultant in the field of writing was apparently successful 
in some cases, and considerable enthusiasm was gener- 
ated in favor of this approach. 

Another type of teacher is the professional teacher of 
English from a local high school or college. Such 
teachers were more frequently successful than not. 
Those who reported dissatisfaction with hiring English 
teachers complained of too much emphasis on grammar 
and ruJes and not enough emphasis on principles. The 
most successful choice of a teacher for an on-the-job 
course in report writing was reported to be someone 
within the organization—an editor, a librarian, a senior 
staff member, or an interested laboratory scientist. 
Actually the professional training of a prospective 
report-writing teacher does not appear to be critical. 
Professional English teachers, psychologists, and chem- 
ists have all done acceptable jobs. The important 
qualification for the teacher appears to be his under- 
standing of the local needs, who the readers are, what 
they want, who the authors are, and what ruts they 
are in. In short, the teacher should have empathy 
for his students. He should understand the spot his 
students are in. 

Large classes should be avoided. Seventy-five per 
cent of my respondents permitted no more than 30 
students to attend class at a time. To handle more 
students, duplicate classes were held. 

The length of class period apparently makes no 
difference. Although none of those reported ran over 
three hours or under 40 minutes, there was no correla- 
tion of success with the duration of the class period. 
However, several complained that the subject matter 
was presented too fast. Insufficient opportunity was 
given to assimilate the points of issue or to prepare 
work assignments. In keeping with the belief that 
writing a good report takes time, teachers of report- 
writing techniques should allow sufficient time for 
students to prepare exercises. It was pointed out that 
preparing an exercise in class produced especially poor 
results. 

One solution to the speed problem involved distribut- 
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ing lecture notes or using a textbook or style manual, 
In this way, much of the material could be referred to, 
discussed, practiced, or omitted as the situation de- 
served. Carefully prepared notes or a manual would 
also be handy for reference to help the author to pre- 
pare his reports after much that was said during the 
course had grown old and dim. 

A text or manual is about the only tangible material 
that the student takes with him. Thus, these courses 
did not have much follow-up after they were completed. 
Those that believe a follow-up should be included 
emphasized the personal, individual approach. In 
my opinion, to sit down with one author and go over 
his reports word-by-word, a never-ending task, is a 
most effective follow-up in such a “how-to” course. 
The work shop was suggested as a follow-up. Even 
though such a procedure would involve considerable 
more effort on the part of the teacher and students, 
each student could practice what he had been taught, 
and then subject his manuscript to the criticism of the 
group. 

COURSE CONTENT 


There are five types of subject matter taught in these 
courses. The three more objective subjects are (1) the 
report system of the specific organization, (2) grammar, 
and (3) graphic arts. The less objective are (4) clarity 
and (5) organization. In the first three it is generally 
found that instruction is needed and willingly accepted. 
Grammar is the most explosive of the three, but an 
experienced conference leader can keep the arguments 
about split infinitives and terminal prepositions from 
getting out of hand. The journals which report work 
related to that of the laboratory can be studied for 
their practice in spelling, abbreviations, punctuation, 
use of active verbs, and other mechanical aspects of 
writing. 

A thorough review of what, to whom, when, and why 
reports are written in the research organization meets 
with favor. Many report-writing problems can be 
traced to peculiarities of a specific organization’s 
reporting system. Occasionally a piece of work must 
be twisted unrecognizably to fit into the report pattern. 
Discussion of the reporting system may also dispel 
the illusion that reports may be written but never read. 

Of considerable interest were discussions of the 
graphic arts. The recent innovations in methods of 
composition and duplication can be discussed along 
with the principles of the most effective way of pre- 
senting a given set of data. How to prepare a seli- 
explanatory table, when to use a table of data instea:l 
of a graph, when and how to get a photograph taken, 
ways of duplicating copy, and the relative costs of the 
various ways of duplication are among the many 
graphic-arts subjects that are of interest. 

The other two categories of course content are the 
more subjective ones—clarity and organization. These 
may be looked on as the “psychology and logic” 
of report writing. Teaching these subjects is difficult 
because standards depend so much on personal opinion. 
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Discussions of jargon, nomenclature, headings, the 
pros and cons of an appendix, writing down to the 
reader, and the difference between a summary and an 
abstract all are involved. There are few concrete 
rules for measuring clarity or for organizing a report 
in a logical way. Readability formulas are a step in 
that direction, but we are dealing with impressions 
and human intelligence, classically hard to measure. 

Neither this survey nor personal experience has 
indicated a way to justify the expense of a report- 
writing course on a dollar-and-cents basis. A company 
probably never will correlate a profit increase with a 
writing course. But research work done for a profit- 
making organization or for national defense is quickly 
abandoned if results do not appear promising to those 
who read reports. Thus, science, industry, and govern- 
ment all are aided by the skillful reporting of research 
results. 

There are ways of measuring the success of a report- 
writing course. Those who have conducted or at- 
tended successful ones enthusiastically endorse their 
value to a research organization. One way to determine 
the ratio of the amount taught by the teacher to the 
amount learned by the student is a final examination. 
Although an examination may measure the amount 
learned, it does not necessarily correlate with improved 
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practice in report writing. This much success can be 
guaranteed: the mere fact that management is willing to 
foot the bill for a report-writing course impresses some 
authors and as a consequence they pay more attention 
to their writing. Improvement follows, since there is 
always some carelessness evident in any organiza- 
tion’s reports. 

There are two courses that deserve special mention. 
The first is one given under the auspices of the Univer- 
sity of Pittsburgh’s program of Graduate Work in 
Industry. Classes are held for two hours each week 
for 13 weeks. This is a very comprehensive course 
and is taught by a chemist. The second is a course in 
the Graduate School of the National Bureau of 
Standards: two hours a week for 15 weeks. It will be 
given this academic year for the third time, taught by 
a well known chemist on the Bureau’s staff. Although 
these are not the usual on-the-job training courses 
and are more of the academic variety, yet they show 
what can be done when the problem of scientific writing 
is attacked with vigor. 

From the many frank comments submitted in answer 
to my questionnaire, I feel that success in conducting 
a formal report-writing training course lies in the 
teacher’s knowledge of the students’ needs and his 
care in tailor-making his presentation to meet them. 


MODERN GRAMMAR AND ITS APPLICATION 
TO TECHNICAL WRITING 


No epucationaL program can operate effectively if 
it fails to scrutinize its subject matter continuously. 
If it does not, it may water down whatever valuable 
material it presents with the kind of inaccuracies and 
fallacies that may subtly, or sometimes not so subtly, 
insult the intelligences of those whom it plans to teach. 
Nothing will make a student, of any age at any level, 
balk from learning so quickly as recognition that some 
of what he is supposed to learn is false or improperly 
understood. His immediate reaction is naturally one 
of general antagonism. 

The teaching of English composition in high schools 
and colleges has universally been founded on the gram- 
mar of the language. Very properly so, for grammar 
is the superstructure of language, the system of forms 
and relationships by means of which the sounds of the 
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language assume meaningful patterns. But the over- 
whelming tendency in the composition courses has been, 
and unfortunately still is at the secondary level, to 
treat grammar as a law of nature, like gravity: im- 
mutable, omniscient, and ultimately mysterious. Thus 
the student in the composition of English is early led 
to believe that the road to mastery of his language is 
to memorize a set of disjointed rules and regulations, 
whose painstaking and generally uncompromising appli- 
cation then constitutes good writing. 

This unfortunate practice began early in the seven- 
teenth century. Scholars, then and before, were first 
of all students of Latin, Greek, Hebrew, or the other 
classical languages in which learning was couched. 
These languages had no vernacular and were under no 
pressure from the spoken word of the market place; 
they were, in short, dead languages, and their gram- 
mars, because they were static, were amenable to the 
kind of rigid analysis and description they received. 
Consequently, when the disdain for popular languages 
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began to dispel in the late Renaissance, treatment of 
all of the modern living tongues in the West was founded 
exclusively on the description of languages that had 
emerged from the scholars’ studies of the classical 
languages. The entire paraphernalia and vocabulary 
of form and structure were lifted intact and brought to 
bear on the living languages. The battle of the scholars 
to force the square peg into the round hole has been 
bitter and uncompromising for 300 years. 

The classical languages, without exception, are highly 
inflected. The operation and meaning of words: in 
these languages are determined largely by their form, 
irrespective of their position. Modern English on the 
other hand is only slightly inflected, the function and 
meaning of words being almost entirely derived from 
position or word order. It is awkward, then, to try to 
describe the grammar of modern English in terms of the 
inflected languages, to speak rigidly in terms of nomi- 
native, genitive, dative, accusative, subjunctive, etc., 
terms which designate static word forms and only 
incidentally their function. It is healthy, I believe, 
for the modern student of English to remember that 
these terms and this type of analysis are largely his- 
torical accidents, not intrinsic to languages themselves, 
and that they are inapplicable to English to the extent 
that English grammar differs basically from that of the 
classical languages. 


MODERN ENGLISH GRAMMAR IS DESCRIPTIVE 


Modern, descriptive grammar of English discards the 
“eight parts of speech’ analysis of prescriptive gram- 
mar as not very accurate, and instead divides the forms 
of the language roughly into two classes: (1) the lezxi- 
con of the language, which includes all of the forms 
which symbolize things, actions, and judgments, and 
(2) the forms which indicate the relationships among the 
lexical forms. The second forms are said to have re- 
lational or grammatical meaning. Strictly speaking, 
then, the study of grammar is exclusively the study of 
this part of the language, the devices which English 
uses for signaling relational meanings. These devices 
consist of, and only of, word order, function words, and 
inflections, in that order of importance. 

The scientific approach to grammar is healthy be- 
cause classic methods in modern grammars establish 
the feeling that one can legislate good English into ex- 
istence, that one can decide on the basis of rules or 
logical extension of rules that a given locution or phrase- 
ology is correct or incorrect. Libraries full of books on 
English composition, including the majority of hand- 
books on technical writing, have approached the sub- 
ject in this ivory-tower fashion. Double negatives are 
wrong because they are illogical, it is argued, canceling 
each other out, while practitioners of the language as 
eminently successful as William Shakespeare and 
George Gobel use double negatives splendidly and un- 
ambiguously. The dangling modifier under no condi- 
tion should be used, it is argued, for the modifier must 
always stand adjacent to the word it modifies or it is 
illogical and hence ungrammatical. Meanwhile Her- 
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man Melville and Winston Churchill dangle their 


‘modifiers consistently with a view to effectiveness 


rather than rule. 

The double conditional, it is interesting to note, is 
even more illogical than these two, but it passes by un- 
questioned in a vast amount of technical writing simply 
because no one has popularized its illogic and mean- 
while no one is misunderstanding. The trouble with 
these locutions is not lack of logic, since normally no 
reader will misunderstand; where trouble does in fact 
exist, the fault lies in clarity or appropriateness, terms 
which I shall define shortly. The entire framework of 
this prescriptive, or normative, grammar is in fact un- 
realistic and in many places as dead as the languages 
on which it is based. To found our efforts to improve 
writing on such a system therefore strikes me as both 
intellectually dishonest and, in the final proof, relatively 
ineffective as compared to the more accurate approach 
of contemporary linguistics. 

The science of linguistics is a young one and in many 
respects brash and ignorant, going with many of its 
spokesmen so far as to argue that the words good and 
bad are meaningless when applied to language. But, 
these faults notwithstanding, linguistics has demon- 
strated beyond argument that grammar in order to be 
functional must be scientific. That is, it must ap- 
proach the language openly and without prejudice to 
describe and to understand what it finds without re- 
course of any kind to preconceived notions of ‘‘proper” 
structure or syntax. 

The practical result of such an approach is that the 
person learning the language, or, as in the case at hand, 
of becoming more adept in the language, will find an 
ordered description which he perceives is both accurate 
and functional as he proceeds further into the language. 


USAGE ESTABLISHES RULES 


The rules or laws of scientific or descriptive grammar 
are not prescriptions about what should be, but are 
rather general statements which attempt to describe 
the ways in which the language operates. What is 
important to recognize is that they do not determine 
“good English”; they are rather determined by it. 
The rules and laws are valid only in so far as they are 
accurate descriptions of the facts of usage. When the 
facts of usage change, the rules, if they are to remain 
realistic, must also change. 

Of course there are many levels of usage, and there- 
fore many simultaneous grammars. What is accept- 
able usage in church is unacceptable in the factory; 
what is acceptable at a symposium on technical writing 
is unacceptable in the neighboring bar. Rather than 
complicate the analysis of grammar, however, the exist- 
ence of levels of usage simplifies the problem, for in 
setting down a description of the grammar which is 
proper for technical writing we can limit ourselves ex- 
clusively to that level, a level which in inflexibility and 
thus in ease of description stands somewhat below what 
is broadly termed formal English but a great deal above 
what is called informal English. 
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Recognition and description of this level of usage 
allows us to arrive at the criterion of appropriateness in 
grammar. What is true of usage at the level of tech- 
nical writing is appropriate; what is not true is inap- 
propriate. Thus double negatives generally are dis- 
allowed, not because they are illogical—logic has noth- 
ing to do with the problem—but because they are in- 
appropriate, like tennis shoes in church. Determina- 
tion of good English from the point of view of appro- 
priateness, then, is exclusively a matter of judgment 
founded on as wide an experience as possible in the par- 
ticular level of usage at hand. It is a matter of the 
writer choosing the expression that is suitable for his 
specific purpose. Unless we are in the realm of artistic 
literature, English is never good abstractly; it is good 
in a particular set of circumstances, an audience, a 
location, and a particular time. Language in this re- 
spect is a part of conduct in almost complete analogy 
with the fact that our manner of dress is controlled on 
the basis of something we have developed called good 
taste. And just as taste in clothing varies from time 
to time, so can—and does—taste in speech, with the 
writing of that speech only a short time lag behind. 


CLARITY AN IMPORTANT CRITERION 


The other criterion from the point of view I am de- 
veloping, and the only other one that applies in the de- 
termination of good technical writing, is that of clarity. 
The writer’s choice of language cannot be guided ex- 
clusively by the criterion of appropriateness, for he has 
the obligation to communicate with the minimum 
possibility of misunderstanding. This means not only 
that he must try to frame his language in such a way 
that it can be understood in only one way, but that in 
addition this understanding may be achieved relatively 
quickly. 

A needlessly complex manner of presentation is in- 
correct or bad English in that it fails to act on the chief 
basis for existence that expository writing has: to con- 
vey meaning. The criterion of clarity in application 
means then, first of all, simplicity—simplicity of words, 
sentences, and all of the larger language units. One of 
the largest errors that exists in contemporary writing 
in chemistry, for example, is the worship of the argot of 
the profession. The vocabulary which is peculiar to 
chemistry is of course in some places essential because 
the subject matter is new, but in the larger number of 
instances the writer searches for and apostatizes this 
argot as preferable in the instances when a more familiar 
term exists. Given a choice of an esoteric term and a 
common one, he will choose the esoteric (in his effort to 
sound exact, I suppose), when unquestionably for the 
sake of clarity he should choose the common because it 
is more quickly understood. 

Direct, straightforward presentation is also demanded 
by simplicity. Here again, technical writing tends to go 
astray in its superstition that it is somehow sinful to 
write in the first person. As a consequence, instead of 


making a direct statement a writer will prefer the pas- 
sive voice, choosing indirectien in the fear that he will 


Appropriateness in 


lapse inté the sinful first person. 
technical writing demands that the approach be im- 
personal, but not verbose; objectivity is quite feasible 
in the first person. 

Clarity also requires careful attention to the level of 
abstraction at which the writer is working, keeping his 
terms and concepts as concrete as is consistent with 


fact. Strictly speaking, a completely abstract term 
has no place at all in a technical report by the nature of 
the subject matter, but it also needs to be pointed out 
that most concrete terms tend to be only relatively 
exact in their referents. A word such as “red,” for 
example, may or may not be as concrete as possible, 
but for the sake of clarity it warrants examination in 
the event that the color, if it has any importance at all, 
can be specified more concretely. 

Words must be watched attentively, since they can 
block the clarity of a report in three fashions. They 
can have no meaning: trite or ponderous words or 
phrases whose definition is wholly a free translation on 
the part of the reader. They can have too little mean- 
ing: vague words such as “a successful experiment.” 
Or they can have too much meaning: rigidly cireum- 
scribed words such as “unique,” “only,” or “‘necessary”’ 
whose application may, if one is not careful, obfuscate 
meaning as often as the vague or meaningless term. 


COMMON DIFFICULTIES IN TECHNICAL WRITING 


To carry the disucussion to more specific instances, 
we can divide the most common difficulties in technical 
writing into some 11 categories. With these categories 
labeled and the source of the difficulties recognized in 
terms of the brief analysis I have just given, the task of 
getting a chemist, at any degree of literacy, to appreci- 
ate what he is doing and why becomes more realistic 
and, I should hope, more fruitful. 

Four of these areas of difficulty I should label as ex- 
clusively a matter of appropriateness. That is to say, 
it is foolish to argue that in any sense of right or wrong 
the correct form is preferable to any other. The proper 
way is proper simply because that is the way it is done 
among the audience being addressed. These four are: 


(1) the sentence fragment, 

(2) the comma splice, 

(3) the case forms of pronouns, and 

(4) idiomatic expressions, 7. e., the choice of preposi- 
tions, comparative forms, etc. 


Three other areas of difficulty are explicable in view of 
the achievement of clarity. Errors in these areas are 
consequently more objectively apparent and less likely 
to create asperity on the writer’s part when his attention 


-is called to them. These are: 


(1) the punctuation of restrictive and nonrestrictive 
modifiers, 

(2) the placing of items intelligibly in series, and 

(3) the verb tenses. 


The remaining four areas are trouble makers in that 
normally the correct form is justified by editors and 
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experts on the basis of logic or clear writing, but ac- 
tually in many instances only appropriateness is in- 
volved. In other words, the following need to be ex- 
amined as individual cases in order to detect the par- 
ticular reason for the preference of one form over an- 
other: 


(1) the shifted construction, 7. e., the use or failure to 
use parallel constructions; 

(2) misused word forms: possessives, plurals, adjec- 
tive or adverb forms; 

(3) agreement in form of pronoun and antecedent or 
subject and verb; 

(4) misplaced modifiers, the most frequently occurring 
of which is the word “only.” 


Very briefly, I have attempted here to advocate two 
things with respect to the attainment of better tech- 
nical writing. First of all, I believe that the recogni- 
tion, use, and application of descriptive grammar by 
editors and teachers will tend to produce a quicker and 
friendlier grasp of the essentials of good writing by the 
technical writer. And, second, the use of the simple 
two criteria for judging writing, stemming from the 
modification brought about by the use of descriptive 
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Sie James Barrte once said, “The man of science 
appears to be the only person who has something to say 
just now, and the only man who does not know how to 
say it.’”’ It seems to me that his statement is probably 
even truer today than it was when he made it. 

Technology is progressing at such a rapid pace that 
today’s students find it necessary to learn more and 
more about less and less in order to gain even a bach- 
elor’s degree in a science. The ever increasing vol- 
ume of scientific knowledge is crowding liberal-arts 
subjects out of the technical curricula. In fact, I was 
quite shocked to learn recently that some engineering 
schools are seriously considering reducing their English 
requirements to a one-semester course. 

Out of this trend toward specialization has grown the 
need for technical editors and writers. Perhaps we 
should recognize the years of World War II as the real 
birthdate of technical journalism, and the U. S. gov- 


1 Presented as part of the Symposium on Training Chemists 
and Chemical Engineers in Technical Writing before the Division 
of Chemical Literature at the 128th Meeting of the American 
Chemical Society, Minneapolis, September, 1955. 
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grammar, will allow a more realistic and probably a 
more successful basis for the evaluation of technical 
writing, especially on the part of the technical writer. 
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ernment as its progenitor. It was the clause in govern- 
ment-research contracts requiring periodic reporting of 
progress that pointed up the need for technical editors 
and writers as liaison between the research man and ad- 
ministration. 

In the past two decades more technical writers and 
editors have been employed by government agencies, 
research and development organizations, and industry 
than by book-publishing firms, professional and trade 
journals, and newspapers. This is not surprising when 
it is recalled that more than three billion dollars was 
spent on research and development in the United 
States in 1952.2 Albrecht and Gould* of Rensselaer 
Polytechnic Institute reported, “At least 2000 journa!s 
devoted to technical or industrial information are re- 
leased periodically in this country by independent 
publishers. Another 1500 periodicals are published 
by industry itself (the so-called “house organs,” sales 
reports, research data, etc.). These publications must 


? ARNOLD, CurisTIAN K., J. Eng. Educ., 45, 258 (1954). 
ALBRECHT, GEorRGE H., anp Jay R. Goutp, J. Epuc, 
32, 407 (1955). 
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be written by people who know what they are talking 
about, 7. e., people with scientific training and experi- 
ence.” 

The field has opened up so rapidly that many are 
unaware of either the need for or the availability of 
technical writers and editors. So it is not surprising 
tht colleges have only recently begun to consider seri- 
ously the need for technical-journalism curricula. 
Most schools with journalism curricula were inclined 
to consider technical journalism as only another phase 
of the already well-established profession and to insist 
that “a writer is a writer is a writer is a writer,’’ wheth- 
er he writes poetry or electronics-equipment opera- 
tions manuals. If they made any concession to the 
new field it was to add a single course in so-called 
technical journalism—often a noncredit course, at that, 
taught by one of the journalism faculty. 

One well known school of journalism pays lip service 
to the atomic age by printfng in its catalogue: 


Science Writing 

There is today a growing demand for men and women who have 
a good scientific or technical background combined with profes- 
sional training in journalism. One recent graduate in this field 
is the science editor of a large metropolitan daily. Others have 
gone to scientific or technical magazines. 

The student who elects this program combines the field of con- 
centration in natural science. . . with either the News or Magazine 
sequence. Graduate students who have a degree in engineering, 
chemistry, physics, or zoology superimpose the News or Magazine 
sequence courses on top of the technical or scientific training. 


This sounds attractive until the science or engineering 
graduate discovers that to get a master’s degree in 
journalism he must have about 70 semester hours in 
journalism and English and about 40 semester hours in 
social sciences, for none of which can he substitute any 
of his science or engineering credits. 

Today most so-called technical-journalism curricula 
list so many required courses designed to teach the 
would-be technical journalist how to write that there is 
no time for courses to teach him what to write. 

Part of the difficulty lies with the technical journalists 
already in the field. Since the profession, like Topsy, 
was “never borned but just growed,” even now we have 
no agreement as to what a technical journalist really 
is. We have entered the field by almost as many 
diverse routes as there are technical journalists. Many 
of us are scientists turned journalists. Some of us 
were trained as journalists. Others were English 
majors or secretaries. I am certain that the manner 
in which we entered the field colors our thinking as to 
what constitutes a good technical journalism cur- 
riculum. Most of us were trained either as journalists 
or scientists; few of us have training in both fields. 

Actually, both the home economics and agricutural 
editors are far ahead of the rest of us technical editors 
and writers in establishing themselves as professionals. 
Such schools as Kansas State, Iowa State, and the 
Oklahoma Agricultural and Mechanical Colleges have 
long had thriving home economics-journalism and 
agriculture-journalism curricula. In fact, the agricul- 


tural college editors have had a national organization 
for many years and issue a monthly publication ACE. 

The American Medical Writer’s Association (AM- 
WA) which was organized in 1940 has also set us an 
example. As the result of deliberations by the AMWA 
Educational Committee in September, 1954, the 
Universities of Illinois, Oklahoma, and Missouri offer 
four-year courses in medical journalism. 


SCIENTIFIC TRAINING ESSENTIAL 


As a result of a survey of 200 companies, Walter 
and Mills* say, “An opinion widely held is that you 
can make a writer out of an engineer or scientist more 
easily than you can make an engineer or scientist out 
of a writer.”” Although I agree with them the problem 
cannot be resolved as simply as that, unfortunately. 
There are some who argue, ‘‘You do not need to make 
an engineer or a scientist out of a writer, if all you 
need is a technical writer.”” According to a survey 
of 13 advertisements in Chemical and Engineering News 
for technical writers and editors, employers agree 
that a technical degree is more important than a 
degree in journalism. Lest some argue that one would 
expect ads in a chemical magazine to be addressed to 
chemists and chemical engineers, I made a similar 
survey of five ads for technical editing and writing 
positions in two issues of the Sunday Chicago Tribune. 
Not one required a journalism degree; incidentally, 
all of the newspaper ads were listed under ‘Help 
Wanted—Men.” 

Years ago, an unbalanced scholastic diet of too 
many surreptitious English courses almost proved 
fatal to me when I came up for a bachelor’s degree 
in chemistry with a minor in mathematics. Some- 
what shaken by my narrow escape, I tried to get 
official sanction for continued indiscretions when I set 
off for graduate school. I failed to talk the powers- 
that-be into allowing me to take my master’s degree 
with a major in chemistry and a minor in journalism; 
in fact, I even failed to get their approval to top off 
my B.S. with a master’s degree in journalism. They 
did agree to look the other way when I took an occa- 
sional journalism course that would “not be allowed 
for credit toward a master’s degree in chemistry.” 

Last year, I managed to squeeze some cold comfort 
from the fact that I was only 20 years ahead of my 
times. Rensselaer Polytechnic Institute has now 
exceeded even my wildest dreams by offering a degree 
of Master of Science with a major in writing, which 
might be used as a pattern by other schools planning 
to offer degrees in technical journalism. Rensselaer 
honestly recognizes a Bachelor of Science degree as 


the prerequisite for entrance to the graduate school 


and the basis of a 30-hour graduate program in the 
English Department. The required English and 
journalism courses make up 18 semester hours, and of 
the remaining 12, 6 must be taken outside the English 
Department. 


4 Wa ter, A., aNnD Gorpon Mitts, Chem. Eng., 60, 
250 (1953). 


When I wrote to Dr. Olmsted, Head of the Depart- 
ment of English at Rensselaer, about their graduate 
program in technical writing his reply contained this 
statement, “So far we have resisted the idea of the 
undergraduate program primarily because we are 
interested in the professional status of the technical 
writer and are inclined to question whether a four- 
year program leading to the bachelor’s degree will 
enhance that status.” 

I, too, favor the master’s degree—as the ultimate 
goal. But we must be realistic and admit that many 
people are going into the field with only a bachelor’s 
degree. Certainly, there are more undergraduate 
than graduate technical-journalism curricula, so it seems 
we should start setting up standards at that level. 

Mr. K. R. Marvin, Head of the Department of 
Technical Journalism of Iowa State College, wrote in 
a recent letter: 


For about ten years this department has offered a major cur- 
riculum in Science Journalism. We now have about 50 students 
enrolled in this curriculum, not nearly enough to meet the de- 
mands. These students take two years of rather broad work in 
arts and science. Then they choose a major in journalism and 
two minors in the social, physical or biological sciences. Several 
of the advanced students in this curriculum have taken two or 
three years of engineering. We would like to have more students 
who have the aptitude and the interest in combining advanced 
work in the physical sciences with journalism. 

... You will note that the student must earn 15 quarter credits 
in each of the seven fields listed [(1) written and spoken English; 
(2) mathematics and statistics; (3) chemistry, physics, and geol- 
ogy; (4) botany, zoology, bacteriology, and genetics; (5) 
economics, sociology, psychology, and government; (6) history 
and literature; and (7) modern language]....During the stu- 
dent’s sixth quarter in college he plans, with the aid of his counse- 
lor, his program for the junior and senior years. Assuming that 
he has chosen to major in journalism, he would list .. . 30 quarter 
hours in technical journalism beyond the 8 to 12 credit hours 
which presumably he already has earned in the basic newspaper 
reporting sequence. . .. 

We also offer a journalism minor [about 30 quarter hours] for 
students majoring in general engineering. . .. 


Dr. Clement E. Trout, Head of the Department of 
Technical Journalism of Oklahoma Agriculture and 
Mechanics College wrote: 


...My own opinion, based on my own experience, is that the 
individual should register in the sciences and take basic work 
just as tho he were preparing for a research or other chemical 
career. But along with his basic science he should study the 
skills of communications... . Journalism has the basic approach to 
what people need... but not the newspaper preparation usually 
offered. Up to a point, this newspaper preparation is basic. 
But carried too far it defeats the purpose of the technical or sub- 
ject matter writer. ... 

Some journalism schools have scheduled courses in some phase 
of science writing. This is usually for people with the journalism 
newspaper training and is an attempt to train in devices for pre- 
senting material without insisting on the student having a thor- 
ough understanding of the science. 

At Oklahoma A. and M., we try to train on a subject matter 
basis. We have had little success in getting students interested 
in chemistry or science writing. . .. 


Perhaps this lack of success may be blamed on 
ignorance of the opportunities in the field. Walter 
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and Mills‘ reported that monthly salaries for technical 
editors ranged from $250 to $1000. They reported 
an average beginning salary of $363 and an average 
top salary of $648. 

It is only a year ago, almost to the day, that I told 
the Chemical Education half of my present audience 
why I believe a chemistry major from a liberal-arts 
college makes a better technical editor than a chemistry 
major from a technical school.’ I shall not report the 
details. 


RECOMMENDED CHEMICAL JOURNALISM 
CURRICULUM 

When I wrote the first draft and abstract of this 
paper, I set the minimum requirements for a technical- 
journalism curriculum as: 


Semester 
hours 
30 Chemistry or chemical engineering major 
20 Journalism and English minor 
8 Physics 
12 Mathematics 


At the time, I was considering the possibilities of 
fitting such requirements into liberal-arts chemistry- 
major curricula. In fact, I have been told that 
several liberal-arts colleges for women, such as Clarke 
College, will permit a student to major in chemistry 
and minor in journalism. These requirements, how- 
ever, will not fit into any existing undergraduate 
technical-journalism curriculum with which I am 
familiar. Because I believe a writer should know 
what he is writing about, I do not consider anything 
less than a major in the subject field desirable. 

Since studying the matter further, I am firmly 
convinced that we, as chemists and chemical engineers, 
would fare better by trying to adapt curricula in our 
own disciplines to the needs of technical journalists 
rather than by trying to modify established technical- 
journalism curricula. Indeed, I have actually found 
that by judicious planning a technical-writing minor 
might be worked into several already-existing chemistry 
and chemical-engineering curricula, even though the 
schools involved do not at the present time recognize 
a chemistry major with a journalism minor. For 
instance, at the University of Virginia, required English 
courses for a chemical engineer total 15 semester 
hours. If he were permitted to use his 6 hours of 
nontechnical electives for such journalism courses as 
copyreading, he probably would have a better course 
background than many a successful technical journali-t 
had at the start. 

At Purdue a chemical engineering student might 
find it necessary to take some extra hours to work in 
a writing minor, but a determined chemistry major 
with an interested adviser could accomplish it within 
the present curriculum. Either student could supple- 
ment the approximately 15 semester hours of require:! 
English with a choice of 7 or 8 advanced 3-hour Eng- 


5 CorTELYou, ETHALINE, J. Cem. Epuc., 32, 196 (1955). 
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lish courses. These should be writing, journalism, or 
grammar ccurses rather than literature courses. 

Those of you who are counseling young chemists 
and chemical engineers would do well to consider 
technical journalism as both an interesting and re- 
warding new area of endeavor. I especially wish to 
recommend it to women.® In New York in May at 
a national meeting of the Association of Technical 
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Writers and Editors, a national organization for techni- 
cal journalists, someone came up with an estimate of 
over 5000 technical journalists in the United States. 
Anyone at the meeting who was looking for a technical 
writer or editor, as I was, had little doubt that there 
were jobs for many more. I seldom had a chance to ask 
another editor if he knew of available talent because 
he usually asked me first. 


<> 


* THE ELEMENTARY COMPOSITION OF THE EARTH 


Ix A previous communication,' the author prepared 
tables giving the elementary composition of the earth’s 
crust by atom number as well as by weight, in an effort 
to show how this altered the usual conception of the 
relative frequency of occurrence of the different ele- 
ments. The author has since come across a table? esti- 
mating the elementary composition of the earth as a 
whole (see Table 1), using the usual unit, 7. e., per cent 
by weight. It will be seen that iron is in first place by 
a good margin. This is not unexpected in view of the 
earth’s well known “iron core.”’ 

Nevertheless it would be over-hasty to suppose that 
oxygen, so predominant in the earth’s crust, must be 


! Asmmovy, I., J. Cuem. Epuc. 31, 70 (1954). 

2 Given in Weaver, E. C. anv L. 8. Foster, “Chemistry for 
Our Times,’’ McGraw-Hill Book Co., Ine., New York, 1954. 
The table is there stated to have been prepared by H. 8S. Washing- 
ton of the Geophysical Laboratory, Washington, D. C. 
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satisfied with second place once the iron core is counted 
in. After all, it must be remembered that the indi- 
vidual iron atom is 3.5 times as massive as the oxygen 
atom. If the elements are counted not by weight but 
by atom numbers, Table 2 is the result. 

It can now be seen that there are more atoms of oxy- 
gen in the entire earth, iron core and all, than any other. 
In fact, there are almost as many atoms of oxygen in 
the earth, iron core and all, as all other kinds of atoms 
combined. 

A final note: The ratio of neutrons to protons in the 
individual elements, as naturally occurring, can readily 
be calculated when the frequency and mass number of 
the isotopes of each element are known. Taking a 
weighted average of these ratios for the elements pre- 
dominating in the earth, it can be calculated that the 
number of neutrons in the earth is 1.064 times the num- 
ber of protons. 


TABLE 1 
Elementary Composition of the Earth by Weight 


Element Grams per ten thousand grams 
Tron 3976 
Oxygen 2771 
Silicon 1453 
Magnesium ' 869 
Nickel 316 
Calcium 252 
Aluminum 179 
Sulfur 64 
Sodium 39 
Cobalt 23 
Chromium 20 
Potassium 14 
Phosphorus il 
Manganese 
Carbon 4 


Titanium 2 


TABLE 2 
Elementary Composition of the Earth by Atom Number 
Element Atoms per ten thousand atoms 
Oxygen 4863 
Tron 1999 
Silicon 1454 
Magnesium 1003 
Aluminum 193 
Calcium 177 
Nickel 151 
Sulfur 56 
Sodium 48 
Cobalt ll 
Chromium 11 
Potassium 10 
Phosphorus 10 
Carbon 9 
Manganese 4 
Titanium 1 


« 
| 
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A_NEW__PERIODIC TABLE BASED ON STABILITY OF ATOMIC ORBITALS 
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Tins periodic table, based on the fundamentals of 
wave mechanics suggests that the periodic law might be 
restated on a more theoretical basis: The chemical and 
physical properties of the elements are periodic func- 
tions of the energy sequence of atomic orbitals. Since 
the theory of atomic and molecular orbitals has proven 
to be of such value in interpreting the data of inorganic 
chemistry, it is hoped that a periodic table based upon 
these ideas will be an aid to the further systematizing 
of chemical knowledge. 

Many different types of tables have appeared since 
Mendeleef’s original model. Readers will recall that 
many have been described in the pages of TH1s JourR- 
NAL and reference to the papers can readily be made 
from its indexes. Notable for its value as a review and 
evaluation of the suggestions up to 1934 is the paper 
by Quam (/). Tomkeieff (2) more recently has provided 
a critique of tables up to 1955. The importance of elec- 
tronic configuration, atomic size, and atomic orbitals 
has each been emphasized in the tables by a variety of 
authors. Syrkin and Dyatkina (3) designed a table 
which emphasizes the significance of electron spin. To 
them we are deeply indebted for much of the material 
of this paper. 

The periodic table described here arranges the ele- 
ments in order of increasing atomic number, the elec- 
trons (designated by arrows) being “fed into” the 
available orbitals and entering those of least energy, 
as shown on the chart. Each orbital’ (one s, three 
p’s, five d’s, and seven f’s) will accommodate, according 
to the Pauli principle, two electrons with spins anti- 
parallel (opposed or coupled). Hund’s rules as men- 
tioned by Coulson (4) are also obeyed, viz., electrons 
tend to avoid being in the same orbital so far as is 
possible, and two electrons occupying a pairof equivaJent 
orbitals tend to have their spins parallel in the state of 
lowest energy. In other words, electrons are “fed in” 
so that the number of ‘unpaired electrons with parallel 
spins is a maximum. 

The table is therefore built up as follows: Hydrogen 
has one electron in the 1s orbital, and the next element, 
helium, another in the same orbital with opposite spin. 
Lithium has its third electron in the next orbital of 


1“The term orbital has arisen from the Bohr theory and it 
must be remembered that its use does not imply a fixed electronic 
orbit as conceived in the original theory, but a particular proba- 
bility distribution in space, as defined by wave mechanics” 
(3). 
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lowest energy. Beryllium’s fourth electron ‘pairs 
off” to fill the 2s orbital. 

Boron (atomic number 5) has an unpaired electron 
“fed into” the orbital of lowest energy, the 2p, and 
carbon another, so that nitrogen has three electrons in 
the 2p orbitals with spins parallel (uncoupled) as re- 
quired by Hund’s rule. The electronic structure of 
nitrogen is thus 1s? 2s? 2p*. Oxygen “pairs off” with 
boron, fluorine with carbon, and neon with nitrogen. 
It will be noticed that all the inert gases have no un- 
paired spins. A continuation of this process completes 
the chart, the exceptions being that after lanthanum 
(atomic number 57) the 14 rare earths are accommo- 
dated in the 4f orbitals, and after actinium (atomic 
number 89) the actinides fill up the 5f orbitals. 

Thus the table provides the complete electronic con- 
figuration of all the elements. The number beneath 
each “arrow” is the element’s atomic number; its 
symbol is above the arrow. The electronic configura- 
tion in the ground (unexcited) state of any element is 
given by all arrows of all previous elements, e. g., »Ni has 
the structure 1s? 2s? 2p* 3s? 3p® 3d8 4s?; ;N is 1s? 2s? 
2p*; and xP is 1s? 2s? 2p* 3s? 3p’. 

There are quite a few exceptions, these being indi- 
cated on the table. Similar differences of structures 
(from spectrographical data) have been discussed 
previously by Carrol (5). Simmons (6) describes an 
arithmetical table which shows the probable electronic 
structures of the elements, his exceptions being similar 
to those listed above. His possible explanation of 
these exceptions is “that during the production of the 
emission spectra from which the accepted configura- 
tions are deduced, most of the atoms may have failed 
to regain their true ground states.’”’ Swinehart (7) 
further points out that the energy sequence of atomic 
orbitals is modified during the “building-up” process, 
e. g., the 3d level may be above or below the 4s level. 
Syrkin and Dyatkina (3) indicate that the low energy 
required for excitation from the ground state is avail- 
able during chemical combination. Thus, it seems un- 
important what configurations are assigned these ex- 
ceptional cases because they are transitional elements 
and exhibit variable valence anyway. Illustrative of 
the fact that many elements have to be excited before 
chemical combination results is the fact that beryllium, 


4Be, in the ground state is 1s? 2s? or (tt. All 
ls 2s 
spins are coupled. However, the expenditure of 62 
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keal. uncouples the 2s electrons and promotes one to 
the 2p level. The structure then is represented as 1s? 2s 


2p or . All members of the alkaline 
ls 2s 2p 
earth Group II-A do likewise. Carbon, .C, has the 


ground-state structure 1s? 2s? 2p? or | +t | i lt | | 
ls 2s 2p 

and 29 keal. uncouples the 2s electrons, promoting 

one to the 2p level to produce the structure 1s? 2s 2p’ or 


| lt lt Carbon thus has four unpaired spins, 
tes 2 

a covalence of four. The four equivalent “‘sp*”’ hy- 
brid orbitals account for. its typical tetrahedral con- 
figuration. In passing, it may be mentioned that the 
tendency for tin and lead (in the same group) to be di- 
valent is in keeping with these ideas. Further in- 
teresting applications of this table could be given; in 
particular, the inert nature of helium might now be prof- 
itably mentioned. The energy, 460 kcal., required 
to uncouple the 1s electrons and promote to the 2s level 
(as may be gaged from the table) is too high. 


DISCUSSION OF PERIODS AND GROUPS 


The usual periods of any periodic classification can 
be seen in this table; hydrogen and helium are together, 
elements of atomic numbers 3-10 and 11-18 constitute 
the first two short periods, and so on. The striking 
horizontal relationships of the three transitional series 
can be appreciated readily. The much-debated lan- 
thanides and actinides are now in a position for their 
chemical similarity to be explained. 


“contribution to chemical education.” 


served. 
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The vertically-related groups or families can be seen 


-and their general features understood. For example, 


the alkali metals of Group I-A all have one unpaired 
s electron which, in keeping with the energy sequence of 
atomic orbitals, is “ionized off” with increasing ease 
from lithium to francium. This accounts for the 
decrease in ionization potential and the increase in 
basicity and activity as the group is ascended. The 
alkaline earths, Group II-A, have higher ionization po- 
tentials because the s electrons first have to be un- 
coupled. Other trends also are explained similarly. 
In brief, the vertical relationships of all groups can be 
understood from the electronic configurations, the 
energies of the orbitals, and the spin theory of valence. 
The chemistry of the elements, if the ideas of this 
table are applied, should have a unique, underlying, 
unifying theory which gives to inorganic chemistry an 
appeal and interest which it has so long needed. 
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NORRIS W. RAKESTRAW RECEIVES NORRIS AWARD 


Tue editors of TH1s JouRNAL know that their apvlause and congratulation will be joined by those 
of TH1s JouRNAL’s thousands of readers when Norris W. Rakestraw receives the James Flack 
Norris Award of the Northeastern Section of the A. C. 8. on February 9, 1956, in Boston. 

This honor comes to a man whose activities epitomize the broadest conception of the term 
His direct classroom experience has touched students of 
liberal-arts colleges, state teachers colleges, university undergraduate, and graduate schools. 
The indirect contributions of his influence and the nuances of his philosophy of chemical education 
have been incalculable. His service to the profession as editor of THIs JouURNAL from 1940 to 1955 
literally has had an enlightening effect upon the activities in every chemistry class room, cer- 
tainly in this country and probably in the world. 

The winner’s keen enjoyment of life, intense vitality and willingness to turn loose his prodigious 
energy on the task at hand are almost legendary. His visit to almost every oceanographic insti- 
tute in the world accomplished during the winter of 1933-34 is typical. 
restrial locomotion and took to the air, piloting his own plane. During World War II he devoted 
countless hours to his duty as a wing commander of the Rhode Island Civil Air Patrol. 
cent years he has shown similar disdain for surface investigation of marine life and, operating 
with an aqua-lung, chooses the ocean bottom for his laboratory. Wherever he has been, students 
soon discover that his varied experience and his vast fund of information are at their disposal 
through a sympathetic understanding and an overwhelming desire to help them help themselves. 
A dynamic student chemistry club has been a phenomenon observed on every campus he has 
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THE LABORATORY PREPARATION OF A SIMPLE 


VITAMIN: p-AMINOBENZOIC ACID 


Ivreresr in an organic laboratory preparation is fre- 
quently heightened when the preparation is known to 
possess physiological activity. Thus the preparation 
of the simple antibiotic sulfanilamide has always been 
a favorite in the organic laboratory. In a similar 
sense, a synthesis of the simple vitamin p-aminobenzoic 
acid has been found to stimulate student interest. 

Although the role p-aminobenzoic acid plays as a 
vitamin is not too clearly defined, there appears to be 
agreement that it is one of three vitamins concerned 
with skin pigmentation. The other two vitamins are 
pantothenic acid and biotin. One cannot rightly term 
p-aminobenzoic acid the ‘‘anti-gray hair’ vitamin, 
capable of converting gray hair into black hair, even 
though its absence in the diet of certain animals re- 
sults in the production of gray hair. Aging in the hu- 
man is a far more complicated process. 

The vitamin also has practical medical application in 
the treatment of typhus and Rocky Mountain spotted 
fever. Another interesting property is its ability to 
inhibit the action of sulfanilamide on streptococci. 

From the laboratory point of view, the preparation of 
p-aminobenzoic acid possesses several interesting fea- 
tures. First, it is a ‘sequence’ type of experiment, 
in which the student starts with a simple organic com- 
pound and, utilizing the product of each step, pro- 
gresses to the desired molecule. The chemistry involved 
is simple and easily within the scope of the first-year 
organic chemistry student. Further, those procedures 
and techniques involved in acylation, oxidation, and 
hydrolysis are covered in the one experiment. Finally, 
readily crystallizable compounds are obtained in good 
yield at each stage. 

While it is feasible to start the sequence with a 
simpler molecule (for example, toluene), it is suggested 
that p-toluidine be employed as the starting compound. 
The chemistry involved is outlined below: 


N Hz 
H—N—C—CH; 
| acylation (1) 
CH; (CH:CO):0 + CH:COONa 
CH; 
O 
| 
H_N—O_cH, 
oxidation 
| (2) 
CH; COOH 
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O 
H—N—C—CH; NH, 
hydrolysis 
(3) 
H:0 + H* 
COOH OOH 


The reduction of p-nitrobenzoic acid with ammonium 
sulfide was first used to prepare p-aminobenzoic acid.! 
Better results were obtained when tin and hydro- 
chloric acid were substituted as reducing agents.” 
Among the first to employ oxidation of aceto-p- 
toluidide, followed by hydrolysis of the acetamino 
group, were Hoffmann‘ and Kaiser‘ who used potassium 
permanganate as the oxidant, and Ullmann® who used 
calcium permanganate. 

The necessary apparatus for the experiment is simple 
and standard. A three-neck, round-bottomed flask, 
fitted with a reflux condenser and stirrer, is suitable 
for the permanganate oxidation. If a three-neck flask 
is not available, an ordinary round-bottomed flask, 
fitted with an addition tube equipped with side arm 
attachment for a reflux condenser, serves equally as 
well. Good stirring is essential during the course of the 
oxidation. 


PROCEDURE 


Preparation of Aceto-p-toluidide. Place 32 g. (0.3 
mole) of powdered p-toluidine in a mixture of 750 ml. 
of water and 27 ml. of concentrated hydrochloric acid. 
If necessary, warm on a steam bath with stirring, to 
aid solution. If the solution is dark colored, add one 
or two grams of decolorizing charcoal, stir for several 
minutes, and filter by gravity. 

Prepare a solution of 48 g. (0.34 mole) of sodium 
acetate trihydrate in 80 ml. of water. 

Warm the decolorized solution of p-toluidine hydro- 
chloride to 50°C. Add 33.4 ml. (0.35 mole) of acetic 
anhydride, stir quickly, and immediately add the pre- 
viously prepared sodium acetate solution. Mix 
thoroughly and cool in an ice-bath. Filter the crystals 
with suction, wash three times with small amounts of 
cold water, and air dry. Yield, 80-90 per cent; m. p., 
146-7°C. 

Preparation of p-Acetaminobenzoic Acid. Equip a 


1 Fiscuer, G., Ann., 127, 142 (1862). 

2 WILBRAND, J., AND F. BEILSTEIN, ibid., 128, 264 (1863). 
3 HorrMann, A. W., Ber., 9, 1303 (1876). 

4 Karser, A., ibid., 18, 2943 (1885). 

5 ULLMANN, F., ibid., 36, 1801 (1903). 
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2-liter, three-neck, round-bottomed flask with a reflux 
condenser and mechanical stirrer. Place 20 g. (0.13 
mole) of. aceto-p-toluidide and 50 g. of magnesium 
sulfate hydrate in the flask and add 1500 ml. of water. 
Heat the mixture on a steam bath, start the stirrer, and 
add a sludge of 60 g. of powdered potassium permanga- 
nate in a small amount of water through the third neck 
of the flask. Stopper the flask and heat at 85°C. 
(approximately the temperature maintained by the 
steam bath) for two hours with constant. stirring. 
Filter the hot solution through a large fluted filter paper. 
Wash the precipitated manganese dioxide with a small 
amount of hot water. If the filtrate shows the presence 
of excess permanganate (purple color), add not more 
than one ml. of ethanoi, heat on the steam bath for 
another 30-60 minutes (or allow to stand overnight), 
and once more filter the hot solution through a fluted 
filter. Cool the colorless filtrate and acidify with 
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excess dilute sulfuric acid. Filter with suction and air 


_dry. Yield, 60-70 per cent; m. p., 250-2°C. 


Preparation of p-Aminobenzoic Acid. Place the 
p-acetaminobenzoic acid obtained above in a 300-nl,, 
round-bottomed flask attached to a reflux condenser. 
Add hydrochloric acid (made by mixing equal volumes 
of concentrated hydrochloric acid and water) in the 
ratio of 6 ml. of the diluted acid to each gram of the 
p-acetaminobenzoic acid. Reflux gently (strong heat- 
ing results in the loss of hydrogen chloride through the 
condenser) for 30 minutes. Cool, add an equal volume 
of water, and make just alkaline to litmus paper with 
ammonia water (use dilute ammonia for the final 
stages). For each 30 ml. of the final solution, add one 
ml. of glacial acetic acid, chill in an ice bath, and 
initiate crystallization by scratching with a glass rod. 
Filter with suction and dry. The purified product 
melts at 186-7°C. 


o AN AUTOMATIC LEVELING PYCNOMETER 


In a” recent investigation, in which a large number of 
density determinations of saturated solutions were 
required, the pycnometer illustrated in the figure 
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proved to be quite advantageous. Its design is such 
that the major part of the pyecnometer can be immersed 
in the constant-temperature bath during the filling and 
leveling operations. 

The capillary bore size was approximately one mm. 
The dimensions shown gave a bulb of approximately 
30-ml. capacity. The size of part A could be varied, 
however, it is desirable to keep the neck long enough so 
that the capillary tip is at least one cm. above the major 
body of the liquid. Liquid is drawn into the pyenom- 
eter through tube C by applying suction to tube D. 

The successful operation of this device depends upon 
maintenance of the correct amount of suction. It was 
found that a vacuum of three cm. of mercury below 
atmospheric pressure gave optimum results. Since 
this requirement may vary with the nature of the 
capillary tip, it is best to maintain suction so that 
rapid dropping, but not a liquid stream, occurs from 
the capillary tip. A stream will cause bubbles of air 
to be trapped in the liquid. 

When the level of the liquid in part A is about one 
cm. above the tip of the capillary, tube D is opened to 
the air and gentle suction is applied to tube C. Afier 
liquid is no longer drawn up the capillary, and with 
suction still being maintained, part B is removed from 
part A. B is replaced with a ground-glass cap before 
rinsing, wiping, and weighing. 

The accuracy of measurement has been found to be 
of the order of 0.01 per cent. 
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Tue large number of papers which now regularly ap- 
pear on the subject of the less familiar oxidation states 
of well known elements attests to the great interest of 
the inorganic chemist in this subject. During the 
period covered by this report much has been added to 
our knowledge of this area of chemistry. From the 
preparative viewpoint, perhaps the most significant 
achievements in the past few years have been the follow- 
ing: the isolation by dry methods of oxo complexes 
containing 3d transition elements in unusual oxidation 
states, e. g., Cr([V), Cr(V), Mn(V), Fe(IV), Co(IV), 
Cu(III); the preparation of transition-element com- 
plexes formally related to the simple carbonyls and con- 
taining the metal in the zero oxidation state, e. g., Cr- 
(CNCeHs)s, Ni{[P(NCO)3]4, Ni(CNCsHs)s, Mo(CNCe- 
H;)s; the continued demonstration that solutions of 
alkali metals in liquid ammonia are extremely useful for 
effecting reductions leading to the formation of novel 
substances incapable of preparation and existence in 
water medium, e. g., Ks[Co(CN),], Ir(NHs)s. One re- 
port, namely, that of the isolation for the first time of a 
compound containing uninegative rhenium, is worthy of 
special mention, although it is concerned with one of the 
less common elements. 


ELECTROCHEMICAL EVIDENCE FOR UNIPOSITIVE 
MAGNESIUM 


It has long been known that the anodic oxidation of 
magnesium in aqueous salt solutions is accompanied by 
the evolution of hydrogen at or near the anode (1). 
Moreover, the metal dissolves anodically with an initial 
mean valence number appreciably less than two, as 
calculated from the loss in weight of the anode and the 
quantity of current passed through the solution (2). 
Although it was suggested many years ago (3) that the 
evolution of hydrogen arises from reaction of the 
solvent with an unstable unipositive magnesium ion 
formed in the anodic oxidation of the metal, it has been 
only recently that evidence, apparently conclusive in 
nature, has been obtained for this hypothesis. 

It has been demonstrated (4) that in nonoxidizing 
salt solutions the anodic evolution of hydrogen occurs 
in amount corresponding to oxidation from the meas- 


‘For previous papers by the author on this subject see J. 
Cuem. Epuc., 27, 32 (1950); 29, 324 (1952). The material 
included in the current paper is presented in the pattern employed 
in the above references. Progress for the period 1952-54 is 
reported, in the sense that, with a few exceptions, primary 
literature sources were obtained from the Chemical Abstracts of 
these years. Where primary references were unavailable, the 
Chemical Abstracts citation have been given. Major emphasis 
has again been placed on the less well known states of the more 
familiar elements. 
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ured initial mean valence state of the magnesium (ca. 
1.3-1.6) to the familiar dipositive ion. In the presence 
of any one of a variety of strong oxidizing agents, such as 
permanganate or chlorate ion, a reduction product other 
than hydrogen is observed in the neighborhood of the 
anode, and the quantity of anodic hydrogen is found 
to be decreased. No reduction product from the added 
oxidant is observed at the cathode when magnesium is 
used also as this electrode. Furthermore, nonelectro- 
lytic interaction between the electrodes and electrolyte 
is negligible. When electrolyses are performed in a 
cell where electrolyte (e. g., sodium chloride or sulfate 
solution) flows continually past the anode from a 
reservoir at a higher level into the oxidizing agent 
(silver ion or permanganate) which is not permitted to 
come in contact with the anode, a reduction product 
(metallic silver or manganese dioxide) is again found in 
the vicinity of the anode. It would appear extremely 
difficult to explain this last observation except in terms 
of the formation of unipositive magnesium on oxidation 
of the metal anode. 

The anodic behavior of magnesium in solutions of 
electrolytes in anhydrous pyridine, both in the absence 
and presence of the organic potential electron-acceptor 
benzophenone, has been investigated (5). When elec- 
trolysis of pyridine solutions of sodium iodide is carried 
out between magnesium electrodes in a cell in which 
anolyte and catholyte are separated by a sintered glass 
disk, the metal is oxidized to the normal dipositive state. 
In the presence of benzophenone, however, initial 
mean valence numbers in the neighborhood of 1.6—1.8 
are found for the magnesium, but after electrolysis all 
the metal in the anolyte is in the +2 state. HoweVer, 
hydrolysis of the anolyte yields benzopinacol, a reduc- 
tion product of benzophenone, in quantity correspond- 
ing to conversion of magnesium from its measured 
initial mean valence state to the common dipositive 
condition. It should be emphasized that direct non- 
electrolytic reaction between metal and the electrolytic 
solutions does not occur during the length of time em- 
ployed for electrolysis. The behavior of the magnesium 
anode in the presence of benzophenone can most reason- 
ably be explained, just as in aqueous salt solutions, by 
the hypothesis that the metal enters solution in both 
the unipositive and dipositive states; the former, being 
a potent reducing agent, is converted to the latter by 
reaction with the organic oxidant. 


THE ALUMINUM GROUP METALS 


Lower States of Aluminum. Potentiometric titra- 
tions of liquid ammonia solutions of aluminum(III) 
iodide with similar solutions of potassium show two 
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distinct end points, corresponding to the consumption 


of one and two equivalents of alkali metal per gram . 


atom of aluminum (6). Although these results were 
tentatively interpreted to indicate reduction of Al(III) 
to Al(II) and then to Al(I), the latest available in- 
formation (7, 8) appears to eliminate the possibility of 
this stepwise reduction. 


TABLE 1 
Thermodynamic Data for Various Indium Species 
AF 

Ion cal./mole Couple Eo 
In*(aq.) — 3100 in +67 0.14v. 
In**(aq.) —12,300 Int =Int*++e- 0.40 
Int¥(aq.) —23,700 Int+=In+? +e- 0.49 


Attempts to reduce aluminum(III) polarographically 
in liquid ammonia at potentials more positive than that 
required for electron dissolution have been unsuccessful 
(7). A single polarographic wave is observed with the 
half-wave potential approximately corresponding to 
that for reduction of ammonium ion. Titration of 
aluminum(III) iodide in liquid ammonia by means of 
a variety of alkali and alkaline-earth metals to a visual 
end point gives isolable products which are best ex- 
plained as arising from titration of ammonium ion 
formed by the ammonolysis of AI(III) (8). Experi- 
ments designed to demonstrate the presence of lower- 
valent aluminum species in the reaction mixtures 
have yielded negative results (7, 8). 

It has been concluded that Al,O is the principal 
product formed in the gas phase when metallic alu- 
minum is heated with the sesquioxide (9). Volatilization 
of the sesquioxide alone gives AlO, AHog for the re- 
action: 


AlO;(s) = 2Al0(g) + O(g) 
being calculated to be 456 + 10 kcal. 
4Al(1) + Al,O3(s) = 3A1,0(s) (1) 
Al(1) + Al,O;(s) = 3Al10(s) (2) 


have been investigated in the temperature range 1000- 
2000° by means of a high temperature X-ray technique 
(10). Reduction of sesquioxide by metal does not 
occur until 1100°. Between this temperature and 
1500°, Al.O is formed in accordance with reaction (1). 
In the range 1500—1600° reactions (1) and (2) take 
place simultaneously, whereas above 1600° only the 
latter reaction occurs. On cooling or rapid quenching, 
the lower oxides disproportionate to the original re- 
actants. Both Al,O and AlO have cubic crystal struc- 
tures, with lattice constants of 4.98 A. for the former 
at 1110° and of 5.67 A. for AlO at 1700°. 

The system In-In.8; has been studied by thermal 
analysis, the data obtained being supplemented by 
metallographic and X-ray examination of the products 
(11). The sulfides In.S; and InS are definitely found 
to exist in this system, and the spinel-like compounds 
InS-In.S; and 3InS-In.S; probably also are formed. 


The reactions: 
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No evidence was obtained for the formation of the 
previously reported InS (12, 13). 

Lower States of Gallium and Indium. A new metho 
for the preparation of gallium(I) and indium(I) oxides 
has been described in a brief report that lacks quantita- 
tive experimental details (14). Reaction between an 
excess of elementary gallium or indium with carbon 
dioxide at 850° and 10 mm. of mercury pressure pro- 
ceeds in the following fashion: 


2M + CO; = M:0 + CO 


Under the experimental conditions the metal oxide is 
volatile and distills from the site of reaction. 

The equilibrium constants for the various possible 
reactions between indium metal and In+*(aq.) have 
been determined experimentally by the equilibration of 
solutions of various concentrations of the tripositive ion 
(as perchlorate) with the metal, and the determination 
of the reducing power available at equilibrium in each 
of the solutions (15). On the assumption that the 
following were the only significant equilibria: 


2In + In*+3 = 3In+ (1) 
In + 2In*? = 3In+t+ (2) 


K, was found to be 2.4 10-"! and Kz 1.9 
From the values of the equilibrium constants the 
thermodynamic data shown in Table I were calculated. 


SUPEROXIDES 


Both sodium and potassium superoxide have been 
shown to exhibit polymorphism (16, 17, 18). For the 
sodium compound, three crystalline forms exist (/6). 
One, stable above —50°, has a disordered pyrite struc- 
ture, with a lattice constant of 5.49 A.? at 25°; another, 
existing from —50 to —77°, possesses the pyrite struc- 
ture, with a unit cell distance of 5.46 A.? at —70°; 
and the third, stable below —77°, has a marcasite 
structure, with the a axis equal to 4.26 A., b = 5.54 A, 
and c = 3.44 A. at —100°. The tetragonal form of 
potassium superoxide, stable at room temperature, 
undergoes a transition in the region 60-100° to a cubic 
form having a lattice constant of 6.09 A. (18). In 
addition, there is a transition occurring at approxi- 
mately —80° to a structure (not yet determined) less 
symmetrical than the tetragonal form. 

Little success has been achieved in the few attempts 
to prepare pure superoxides other than those of the 
alkali metals. The action of concentrated (from 30 to 
90 per cent) aqueous hydrogen peroxide solution on the 
octahydrates of calcium, strontium, and barium per- 
oxides has been reinvestigated (19). The maximum 
yield of superoxide obtained in each case was approxi- 
mately 13 per cent. It should be pointed out that this 
appears to be the first report of the preparation of 
strontium superoxide. 

The possibility of preparing new superoxides by 
metathetical reactions in liquid ammonia between 4 


? The unit cell distance reported in (17) is not in good agree- 
ment with this value. 
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variety of anhydrous metal salts and potassium and 
sodium superoxides has been investigated, with nega- 
tive results (20). The salts studied included the 
nitrates of lithium, magnesium, calcium, cadmium, and 
zinc, and the tetrammoniates of aluminum chloride and 
copper(II) nitrate. In every case in which the re- 
actants are mixed in the stoichiometric proportions 
necessary for metathesis, and in which reaction occurs, 
the superoxide ion is unstable and decomposes with the 
liberation of oxygen. In most instances of reaction, 
solid products are obtained containing large proportions 
of metal peroxide. 


CATIONIC IODINE AND BROMINE 


The electropositive character of iodine and bromine 
is sufficiently great that the unipositive ions of these 
elements are capable of existence. These ions may be 
stabilized by coordination with such nitrogen bases as 
pyridine (21). Recent work apparently has demon- 
strated that iodine(I) can exist to a limited extent in 
solutions of molecular iodine in water and ethanol. 

The free-energy changes and equilibrium constants 
for the reactions X,(aq.) + H,O(l) = H,O-X+(aq.) + 
X-(aq.) have been calculated from data available in 
the literature (22). At 25° the equilibrium constants in 
the order X = Cl, Br, and I are 10-*, 10-, and 10-". 
These values indicate that of the halogens only 
the hydrated I+ ion should be sufficiently stable to 
exist in detectable quantity in aqueous solution. The 
equilibrium constant for the above reaction with iodine 
has been determined experimentally by use of cells of 
the type: 


Pt, Ag+, H+ |IKNO,|I-, H+, Pt 


and has been found to be 1.2 X 10~"'!, a value in good 
agreement with that calculated. The hydrated iodine 
cation may react with the solvent in the following 
manner: 


H,.0-I+ + H,O = HOI + H;O+ 
3HOI + 3H,0 = I0;~ + 2I- + 3H;0+ 


These equilibria can be repressed by high acid concen- 
trations. 

The presence of cationic halogen in solutions of iodine 
or bromine in absolute ethanol has been inferred on the 
basis of ion-exchange studies (23). Passage of the 
solutions through the hydrogen resin Amberlite [R100H 
results in the fixation of some of the halogen and the 
liberation of hydrogen,ion. The following reaction has 
been proposed for the process. 


Res“H* + Res“X* + H+ + 


The positive halogen may be eluted by means of iodide 
ion. The relatively small extent of apparent ioniza- 


tion of iodine in ethanol is illustrated by the fact that 
only 0.02-0.03 g. of the halogen is fixed on the resin from 
a solution containing 0.5 g. (per 100 ml. of solvent). 
No quantitative data are given for bromine. 
Ton-exchange experiments also appear to show the 
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essentially ionic nature of iodine and bromine in INO; 
and BrNO; (24). Solutions of the compounds are 
prepared by reaction between the halogen and silver 
nitrate in absolute ethanol; some tripositive iodine 
(e. g., I(NO;)3) is formed in the process, but may be 
converted to the unipositive state by the presence of 
excess halogen. Halogen may be removed from the 
solutions of the nitrates by passage through the cationic 
resin noted above. With iodine nitrate, fixation of the 
halogen on the exchanger is practically quantitative, 
0.0208 g. of I+ being removed from a solution contain- 
ing 0.0223 g. (per 100 ml. of solvent). 

The highly polar character of the iodine-pyridine 
addition compound I,- Py is brought out by its behavior 
toward a cation resin (25). Iodine is removed from the 
complex when a methanolic solution is passed through 
the hydrogen form of the resin Permutite RS. The con- 
clusion is reached that the complex is only slightly dis- 
sociated into I-Py+ and I~ ions in methanol, since a 
maximum of about 10 per cent of the total iodine is 
fixed on the resin. 


COPPER, SILVER, AND GOLD 


Copper(III). The existence of copper (III) in the 
form of the cuprate(IIT) ion, CuO,~, has been definitely 
established. An attempt (26) to repeat the reported 
(27) preparation of copper(III) oxide, CusO;, by the 
action of sodium hydroperoxide, NaOQOH, on the cu- 
prate(II) ion, Cu(OH),~-~, in concentrated sodium 
hydroxide solution, has been unsuccessful. However, 
when the product of reaction between cuprate(II) and 
sodium hypobromite in concentrated aqueous sodium 
hydroxide is added to aqueous barium chloride, a fairly 
stable, red, diamagnetic compound of the composition 
Ba(CuO,)2-H,O is precipitated. About 96 per cent 
of the original copper(II) is converted to the tripositive 
state in the form of the barium compound. Anhydrous 
potassium cuprate, KCuQO., has been obtained by the 
oxidation of copper(II) oxide by means of potassium 
superoxide at 400—500° (28, 29). The potassium com- 
pound is a diamagnetic, steel-blue substance which 
decomposes above 500° with the evolution of oxygen. 
Oxygen is also liberated in aqueous solution, but no 
hydrogen peroxide is formed. The diamagnetic char- 
acter is evidence that the cuprate(III) ion is an inner 
orbital (or penetration) complex. 

Periodate and tellurate complexes of copper(III) 
(see (21), pp. 60-1 for a discussion of these compounds) 
have recently been prepared by a new method, namely, 
the oxidation of copper(II) by means of sodium hypo- 
chlorite in strongly alkaline solution, followed by the 
addition of an acidic solution of either sodium periodate, 
-Na,H;IO¢, or sodium tellurate, (30). The 
compounds isolated from the resulting solutions possess 
the compositions and NasCu- 
(TeO¢)2-20H,O. Data are presented which indicate 
that, in the presence of excess alkali, Cu(II) is con- 
verted by hypochlorite to the Cu(OH),~ ion, and that 
the latter forms 1:1 and 1:2 complexes with both 
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periodate and tellurate. The 1:2 complexes appear to 
have the formulas and Cu(HTeQO,)2~’. 
At 40° the equilibrium constants for the reversible dis- 
sociation of these ions are 8.0 X 10-!! and 1.1 X 10-", 
respectively. The 1:1 complexes are less stable and 
have dissociation constants of 3.4 X 10-> (for periodate) 
and 1.8 X 10~° (for tellurate). The heat of formation 
of the 1:2 periodate complex from the simple ions is 
calculated to be about 7.5 keal., and for the tellurate 
about 20 kcal. It is interesting that stannate(IV), 
stibnate(V), and selenate(VI) ions are incapable of 
forming analogous Cu(III) complexes. 

Silver(1IT). Oxidation of silver(I) in a strongly 
alkaline medium by means of persulfate ion yields 
silver(II) oxide, AgO. The nature of the substances 
formed when the oxidation is performed in a neutral 
or acidic solution has been a matter of some question, 
although there is no doubt that the product contains 
tripositive silver. The most recent communication (31) 
on the oxidation of silver(I) nitrate by persulfate in 
acid medium states that the black precipitate produced 
has a composition which may be expressed either as 
(Ag;O4)a* AgSOu or (AgsO4)2a- AgeS20s, where a is 2-2.5. 
As expected, the material is a powerful oxidizing agent. 

The preparation of bis-8-hydroxyquinoline silver(III) 
hydroxide, re- 
action of silver(II, III) oxide with the oxine in cold 


TABLE 2 
Analogues of the Simple Volatile Metal Carbonyls 
Metal Compound Physical properties 
Chromium Cr(CNC,Hs)« Red; m. p. 178.5° 
Bright red; m. p. 
25° (de to 
Cr(CNC,H,Cl-m)< Orange-red; m. p. 156° 
Cr(CNC,H,OCH;-p)<« red; m. p. 
124.4° 
Red; m. p. 152.8° 
Cr(CNC,H;Cle-2,5 Red; m. p. 166° 
Red; m. p. 172° 
Cr(CNC,H;Cl.-3,2)¢ Scarlet; m. p. 192-5° 
Nickel Ni(CNC¢Hs)s Canary-yellow solid; 
decomp. 105° 
Ni(CNC,H,CH;-p), 
Ni(CNCioH7-8), 
Ni(CNCHs)s 
Ni(PCl;)4 Pale-yellow solid; de- 
comp. 120° 
Ni(PBr;), Orange-red solid; de- 
comp. 80° 
Ni(PFs)s Colorless liquid; b. p. 
70.7° 
Ni[P(NCO)s]4 Colorless solid;  de- 
comp. 200° 
Ni[P(NCS)s]4 Yellow; decomp. 115°; 
m. p. 130 + 2° 
Ni[(CsHs)PCle], Yellow; m. p. 86.5° 
Colorless; m. p. 98° 
Molybdenum Mo(CNC,Hs)s Red solid 
Mo( Orange solid 
Mo(CNC,H;CH;CIl-2,6). Brick-red solid 
Mo(CNC,H;CH;Cl-2,4), Golden-yellow solid 
Mo(CNC,H,Cl-m)6. Orange-yellow solid 
Tungsten W(CNC,Hs)s Red; m. p. 120-30° 
W(CNC,H,Cl-p) 
W(CNC,H;CH;Cl-2,3), Red;.- m. 205-7° 
(decomp. 
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pyridine solution has been reported (32). The yellow- 


. brown compound is insoluble in water and common 


organic compounds, and unstable in air and in solutions 
of acids. 

A general method for the formation of fluoro com- 
plexes containing certain transition elements in high 
oxidation states involves the high-temperature fluorina- 
tion of the appropriate stoichiometric mixtures of an 
alkali metal halide and transition metal halide (33), 
This procedure has been utilized to prepare yellow 
fluoro complexes of Ag(III) of the type MAgF, (M = 
K, Cs). The compounds are extremely sensitive to 
moisture. There is an interesting difference in mag- 
netic behavior between these substances and the copper 
(III) fluoro complex K;CuF;. The latter is paramag- 
netic, with a molar susceptibility of 2.8 Bohr magnetons, 
a value in excellent agreement with that expected for an 
outer orbital (or normal) complex. On the other hand, 
KAgF, is diamagnetic, a strong indication that the 
complex is of the inner orbital type. 

It is noteworthy that the nature of the alkali metal 
appears to play an important role in determining 
whether fluoro complexes containing transition metals 
in higher oxidation states will be formed by the method 
described above. With halides of the larger alkali 
metals potassium, rubidium, and cesium, the procedure 
works satisfactorily; in the few cases where lithium 
and sodium halides have been used, the preparation of 
the fluoro complexes appears to be much more difficult. 

Gold(II). Although the dipositive state of silver is 
well established and a fair number of compounds con- 
taining this species have been isolated, no substance 
containing gold(II) has been definitely prepared. It 
has recently been shown, however, that the kinetics of 
exchange between Cl~ ion and AuCl,~ in the presence 
of Fe++ ion are consistent with a mechanism whereby 
the latter reduces Au(III) to Au(II) which exchanges 
associated chloride very rapidly with Cl-, then under- 
goes rate-determining exchange with Au(III), and is 
finally destroyed by disproportionation (34). 


Fe++ + AuCl~ = Fe(III) + Au(II) 
Aulo,- + Cl*- = + Cl- 
+ AuClh~ = Auc,- + AuCl,*~ 
2Au(II) = Au(I) + Au(IIT) 


CHROMIUM AND MANGANESE 


Chromium (0). One of the most interesting recent 
developments in unfamiliar oxidation state chemistry 
has been the preparation and characterization of 
transition-element compounds which may be regarded 
as analogues of the simple volatile metal carbonyls and 
thus as substances containing the central element in the 
zero oxidation state. Among the ligands bound to the 
metal in its zero oxidation state, one finds phosphorus 
trihalides and pseudohalides and a large variety of 
aromatic isonitriles. It is worth noting that these are 
all ligands for which double-bonded structures with the 
metal atom, involving d electron pairs of the latter, 
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may be written. A summary of the compounds char- 
acterized is given in Table 2. 

The chromium(0) derivatives which have been pre- 
pared are all hexaary] isonitriles (35). They are made 
by the addition, in an inert atmosphere, of the isonitrile 
toa suspension of chromium(II) acetate in ethanol, the 
hexuarylisonitrile chromium(0) compound formed be- 
ing insoluble in the alcohol. The stoichiometry of the 
reaction has been shown to be the following: 


3Cr*+*+ + 18RNC = Cr(CNR). + 2Cr(CNR)¢*? 


In effect, chromium(II) undergoes disproportionation 
in the presence of the aromatic isonitrile. Like the 
corresponding carbonyl, the isonitrile complexes are 
diamagnetic. They are very stable toward aqueous 
alkali, but are attacked slowly by dilute acids. 

Chromium(1). The reduction of [Cr(dipy)3] (ClO,)2 
(dipy = a,a-dipyridyl) with magnesium in an aqueous 
solution containing ammonium perchlorate is reported 
togive the unipositve chromium(I) complex [Cr(dipy);]- 
(lO, in 70-80 per cent yield (36). This blue-black 
substance is sensitive to atmospheric oxidation. It is 
insoluble in water, but soluble in a variety of polar 
organic solvents. It is paramagnetic and has a molar 
susceptiblity of 2.0-2.1 Bohr magnetons, a value con- 
sistent with the presence of one unpaired electron in the 
complex and indicative of inner orbital d?sp* binding. 

Chromium(IV) and (V). When barium hexahydroxo- 
chromate(III) and barium hydroxide are mixed in 
proportions to give an atomic ratio of Ba:Cr = 2, and 
the mixture is heated to 1000° in a nitrogen atmosphere, 
reaction occurs to give barium tetroxochromate(IV), 
BasCrO, (37). 

Ba;[Cr(OH)s]2 + Ba(OH)2 = + 6H20 + H: 


The chromium(IV) compound is a bright-green sub- 
stance, which decomposes slowly in water and dis- 
proportionates into Cr(III) and Cr(VI) in dilute 
hydrochloric acid. Proof that the chromium is in the 
tetrapositive state is offered by magnetic and X-ray 
data. 'The compound has a molar susceptibility of 2.82 
Bohr magnetons (theoretical is 2.83 for an outer orbital 
complex with two unpaired electrons) and gives an X- 
tay pattern which corresponds well with that of BazTiO,. 

Barium tetroxochromate(IV) can also be prepared 
by reduction of a BaCrO,-Ba(OH). mixture with 
hydrogen at 400-500° or from Cr(IIT) and Cr(VI) 
by the following reaction : 


900-1 
BaCrO, + Cr20; + 5Ba(OH)s = 3Ba,CrO, + 


2 atm. 

Asimilar reaction occurs with the appropriate strontium 
compounds. If barium hexahydroxochromate(IIT) 
and barium hydroxide in the proportion necessary to 
give an atomic ratio of Ba:Cr = 3 are heated, barium 
pentoxochromate(IV), Ba;CrO;, is formed. This is a 
brown-green substance. 

Pure barium chromate(V) of the composition Ba;- 
(CrOy)2 is obtained by reaction between barium 
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chromate(VI) and barium carbonate in an oxygen-free 
nitrogen atmosphere at 1000° (37). The stoichiometry 
of reaction is the following: 


2BaCrO, + BaCO; = Ba;(CrO,), + CO2 + 1/202 


The chromium(V) compound is formed as a green-black 
powder which decomposes slowly in water and, like the 
chromate(IV), disproportionates into Cr(III) and Cr 
(VI) in dilute acids. That the substance truly con- 
tains Cr(V) is shown by the great similarity between 
its X-ray pattern and that of Ba;(PO,)2, and also by the 
fact that its molar susceptibility is 1.71 Bohr mag- 
netons, corresponding to the one unpaired expected for 
an outer orbital complex of Cr(V). The strontium, 
lithium, and sodium salts have also been prepared, the 
last-named by interaction at 500° of the chromate(VI) 
and sodium azide. The ionic radius of Crt+* has been 
estimated from crystal structure data to be 0.46 A. (33). 

In addition to the tertiary chromate(V) compounds 
noted above, substances of the composition M;(CrQ,);- 
(OH) (M = Ba, Sr) have been prepared and character- 
ized. These are obtained by heating a mixture of 
equivalent quantities of metal chromate(VI) and 
hydroxide in a nitrogen atmosphere and then extracting 
excess hydroxide with methanol. The compounds have 
the hydroxyl-apatite structure, as demonstrated by a 
comparison of their X-ray patterns with that of natural 
apatite. Ba;(CrO,);(OH) is stable up to 600° in dry 
nitrogen; the strontium compound of apatite structure 
reverts to Sr;(CrO,)2 at temperatures above 850°. 

Manganese(O) and (J). Except for the carbonyl 
[Mn(CO)s5]e, only one compound containing manganese 
(0) is known. The reduction of potassium hexacyano- 
manganate(III) by potassium in liquid ammonia gives 
an insoluble yellow product possessing strong reducing 
power (38). The properties of the substance as deter- 
mined by four different methods—reacting-ratio studies, 
chemical analysis, reducing-power determination, and 
magnetic measurements—show that it is best formu- 
lated as a compound with both Mn(0) and Mn(I)— 
Hs. 

The reduction of the cyanomanganate(II) ion, [Mn- 
(CN).]~4, in aqueous solutions containing an excess of 
cyanide ion, either electrolytically or by means of 
aluminum or sodium amalgam, gives high yields of the 
cyanomanganate(I) ion, [Mn(CN).]~* (39). The E° 
value for the reaction [Mn(CN).]-~> = [Mn(CN).]~4 
+ e-, in 1.5 M sodium cyanide solution, was found 
to be approximately 1.05 v. at 25°. The potassium 
compound was isolated as a diamagnetic, fine white 
precipitate and its solubility product was determined 
to be about 2.4 X 10-"'. The compound is unstable in 
water, reacting with the evolution of hydrogen. The 
diamagnetism is indicative of inner orbital d?sp’* 
binding in the [Mn(CN).¢]~> ion. 

Manganese(V). Although there have been reports 
in the literature for many years on oxo complexes of 
manganese(V), only recently have well-defined methods 
been established for the preparation of such compounds. 


' 
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Alkali metal complexes containing the [MnQ,]-* 
group can be prepared in a variety of ways (37, 40, 41): 
(a) reduction of an alkaline permanganate solution 
with iodide ion; (b) oxidation of a manganese(II) com- 
pound by means of potassium nitrate in an alkaline 
melt; (c) atmospheric oxidation of manganese dioxide 
in an alkaline melt; (d) reaction between permanganate 
ion and metal hydroxide, either in aqueous solution or 
in the anhydrous state at high temperatures; and (e) 
the interaction at elevated temperatures between a 
manganate(VI) compound and the appropriate metal 
hydroxide. 

Anhydrous alkali manganate(V) compounds are 
dark, blue-green substances, soluble in concentrated 
alkali solutions. From these solutions, hydrated 
manganate(V) salts may be recovered. Anhydrous 
potassium manganate(V) is stable in an oxygen atmos- 
phere to about 1000°. Magnetic analysis of Na;- 
Mn0,-10H,0 gives a Bohr magneton number in con- 
cordance with that expected for Mn(V) (42). 

Strontium and barium manganate(V) compounds of 
the composition M;(MnQ,)2 can be obtained by dry 
methods similar to those employed for the alkali metal 
salts, and also by wet methods such as the reduction 
with ethanol of [MnQ,]~ or [MnO,]-~ in the appro- 
priate metal hydroxide solution (37). A manganate 
(V) compound of the formula Bas(MnQO,)3;(0H) may 
be prepared by reaction between manganese(IIT) oxide 
and barium peroxide in a moist oxygen atmosphere at 
800-1000°. The hydroxyl-apatitic structure of this 
substance was demonstrated by X-ray analysis. On 
the bases of X-ray data the radius of the Mn+ ion has 
been estimated to be 0.45 A. (33). 


IRON, COBALT, AND NICKEL 


Negative Oxidation States of Iron and Cobalt. Unusual 
compounds of iron and cobalt have been described, in 
which these elements may be regarded as being formally 
in the dinegative and uninegative oxidation states, 
respectively. 

A brief communication on the action of sodium in 
liquid ammonia on iron and cobalt carbonyls reports 
that [Fe(CO).]s, Fe(CO);, or Fex(CO), gives Nae[Fe- 
(CO),], and [Co(CO),]2 forms Na[Co(CO),4] (43). A 
more detailed investigation (44) of the behavior of 
dimeric cobalt tetracarbonyl toward a variety of bases 
(amines and alcohols) shows the reaction to consist of a 
disproportionation of the carbon monoxide-bonded 
metal: 


3Co® = Cot+ + 2Co- 
Thus, with aqueous ammonia the following reaction 
occurs 
3[Co(CO)]2 + 12NH; = 2[Co(NHs5)s] [Co(CO),]2 + 8CO 
In a similar fashion, the complex [Co en3] [Co(CO),]2 
(en = ethylenediamine) is formed. 


This compound may be converted to [Co(o-phen)3] 
[Co(CO),]2 by replacement of ethylenediamine by 


, metathesis with [Ni(o-phen);]Cle. 
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o-phenanthroline, or to [Ni(o-phen)3][Co(CO),]. by 
Reaction of [Co- 
(ens) Js{(Co(CO,) ]2 with sodium sulfide results in the 
precipitation of cobalt(II) sulfide and the formation 
of Na[Co(CO),]; treatment with acids yields the 
carbonyl hydride, HCo(CO),. These reactions, as 
well as the high conductivity in acetone of a variety of 
compounds containing the Co(CO), grouping, demon- 
strate that the latter should be formulated as a uninega- 
tive species. The [Co(CO),]~ anion may be precipi- 
tated quantitatively by the [Co(o-phen);]*++ cation; 
the iron carbonylate anion, [Fe(CO),H]~ may be 
similarly thrown down by means of the orthophe- 
nanthroline-iron(II) complex (44). 

Cobalt(0). The reduction of potassium hexa- 
cyanocobaJtate(III) with potassium in liquid am- 
monia gives a_brown-violet, air-sensitive, pyro- 
pophoric cobalt(0) substance of empirical formula 
K,[Co(CN),] (45). The compound has a slight degree 
of paramagnetism (eg, = 0.63 Bohr magnetons), 
considerably less than that required for a single cobalt 
(0) with one unpaired electron. On this basis, the 
anion is presumed to be dimeric. The compound is 
decomposed by water with the evolution of hydrogen. 
Aqueous potassium cyanide converts it to the hexa- 
cyanocobaltate(III). Reaction with carbon monoxide 
in liquid ammonia yields the isolable K;[Co2(CN);- 
(CO)s]. Potentiometric titration of potassium hexa- 
cyanocobaltate(III) with potassium in liquid ammonia 
shows that one two-electron process and one one-elec- 
tron step are involved in the reduction; Co(I) is there- 
fore an intermediate in the reaction (46). 

Carbon monoxide may be partially replaced in 
[Co(CO),4]2 by phosphite esters, P(OR)3, and also by 
triphenyl phosphine, by reaction in benzene (47). 
The compounds formed are all of the type [Co(CO);A hk, 
where A = P(OC.Hs)3, P(OCsH«Cl-p)3, 
p)s, and P(CsHs)3. These are all highly colored, 
relatively low-melting substances. 

Cobalt(I). An interesting series of aromatic isonitrile 
complexes of unipositive cobalt has been described (48, 
49). Compounds of the type [Co(CNR),]X2 (R = 
phenyl, tolyl, ete.; X = I, ClO), when brought into 
solution by warming (or sometimes in solution even at 
room temperature), or when reduced by such agents 
as hydrazine, go over to the stable colored complexes 
[Co(CNR)s]X (48). For example, with hydrazine 
as the reducing agent and the iodide as the starting 
complex, the reaction takes the course: 


+ = Col, + 4[Co(CNR)s]I + 4HI + 


The unipositive cobalt complexes are soluble in 
polar organic compounds, but insoluble in such solvents 
as ether and petroleum ether. The conductivities of a 
number of the compounds in solvents such as ethanol 
and nitrobenzene correspond to values expected for 1-1 
electrolytes. All the complexes are diamagnetic, 4 
fact which is consistent with a formulation of inner 
orbital binding, with the cobalt having a true co- 
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ordination number of five and a krypton electronic con- 
figuration. 

It has been reported that Co(CNR);(ClO,)2 complexes 
(R = phenyl, or o- or p-tolyl), when heated in solution, 
also decompose to form [Co(CNR)s5]ClO, (49). 

The action of isonitriles on dimeric cobalt carbonyl 
is similar to that of amines and alcohols (see above) in 
that the anion [Co(CO),]~ is formed. However, with 
jsonitriles the cation produced contains cobalt(I) 
rather than the dipositive element (50, 51). 


benzene 
[Co(CO)J2 + 5RNC = [Co(CNR),] [Co(CO),] + 4CO 


These substances may also be obtained metathetically: 


organic 
Na[Co(CO),] + [Co(CNR);] ClO, 


solvent 


[Co(CNR)s] [Co(CO),] + NaClo, 


The methy] isonitrile derivative has an electrical con- 
ductivity in acetone approximating that of a 1-1 elec- 
trolyte. 

An anionic complex containing unipositive cobalt, 
K,[Co(CN);CO], can be obtained in solution by re- 
action in a carbon monoxide atmosphere between 
cobalt(II) in strongly alkaline solution and potassium 
cyanide, the Co(II)/KCN molar ratio being 1 to 5 
(52). 
2Co++ + 3CO + 40H- + 6CN- = 

2[Co(CN);CO]-—— + CO;—- + 2H,O 


Titration with potassium hexacyanoferrate(III) estab- 
lished the presence of cobalt(I) in the solution. Treat- 
ment of the solution with the [Fe(o-phen);]+* ion gives 
a precipitate of 
Aqueous solutions of the Co(I) complex possess power- 
ful reducing properties. The complex is destroyed on 
acidification. 

A polarographic investigation of vitamin By and its 
derivatives By, and By, in aqueous solution containing 
potassium sulfate as the supporting electrolyte has 
shown that the cobalt in these complexes can be re- 
duced to the unipositive state (53). The cobalt(III) 
in By is reduced by a single two-electron process to 
cobalt(I) at a half-wave potential of —1.12 v. versus 
§.C.E. (saturated calomel electrode). Bi., prepared by 
hydrogenation of By over platinum, followed by 
oxidation by air and precipitation by acetone, is reduced 
by two one-electron processes (7. e., Co(IIT) - Co(II); 
Co(II) — Co(I)), the first occurring at a half-wave 
potential of —0.04 v. and the second at — 1.02 v. versus 
8.C.E. By,, obtained by the catalytic hydrogenation of 
an aqueous solution of Bi: (or by the hydrogenation of 
By), and containing dipositive cobalt, is converted to a 
complex of cobalt(I) at a potential of —1.02 v. versus 
8.C.E. 

Tron(IV) and Cobalt(IV). A convenient method 
for the preparation of barium and strontium oxy salts 
of iron(I[V) involves the use of hexahydroxoferrates 
(IIT) of these elements (37). At elevated temperatures 
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(300° for the barium compound and 400-500° for the 
strontium salt), the compounds are converted by mo- 
lecular oxygen practically quantitatively to ferrate(IV) 
salts, e. g.: 


Ba;[Fe(OH)e]2 + 1/.02 = 2BaFeO; + Ba(OH)- + 


The alkaline earth hydroxide appears to be bound chem- 
ically to the ferrate(IV); attempts to extract it from 
the iron(IV) compound result in extensive decomposi- 
tion of the latter. 

Silver metaferrate(IV), AgeFeO;-aq., has been 
obtained as a black precipitate by interaction of 
potassium ferrate(VI) solution and aqueous silver 
nitrate. The reduction of the ferrate(VI) ion is ac- 
companied by evolution of oxygen from solution (37). 
The analogous barium salt may be made by the thermal 
decomposition of barium ferrate(VI) in concentrated 
alkali solution. 

Orthoferrates(I[V) of barium and strontium may be 
readily obtained by reaction at high temperatures 
(800-900 °) between 1 to 1 mixtures of the hexahydroxo- 
ferrate(IIT) compounds and the metal hydroxides (37). 


Sr;[Fe(OH)s]2 + Sr(OH)2 + '/202 = 2Sr.FeO, + 


In the case of the barium compound an excess of hydrox- 
ide must be avoided, for it results in the formation of a 
pentoxoferrate(IV), Ba;FeO;. (See above for a similar 
situation with chromium(IV).) Ferrate(IV) com- 
pounds are slowly decomposed by water and dissolve 
with reaction in dilute acids, oxygen being liberated 
and iron(III) formed. The strontium compound is 
stable to at least 900° in an oxygen atmosphere. 

A barium cobaltate(IV) of the composition Ba,CoO, 
has been prepared by the high temperature (1050°) 
oxidation of Ba,[Co(OH).] or of a two to one molar 
mixture of barium hydroxide and cobalt(II) hydroxide 
(37). It is a red-brown material, stable toward cold 
methanol, but slowly decomposed by water. The 
compound Ba;CoO; also appears to exist. (See above 
for Ba;CrO; and Ba;FeO;.) 

Many binuclear cobalt ammines are known in which 
the cobalt atoms are bridged by the —O—O— group. 
Although evidence exists which indicates that some of 
the compounds contain both cobalt(III) and cobalt 
(IV) linked through a peroxo bridge (2/, 54), e. g., 


2 


an alternative formulation has been suggested in which 
both cobalt atoms are tripositive and the bridging group 
is the superoxide ion (2/). 

Recent measurements (55) on the complex formu- 
lated as [(NH3)sCo!!!—O—O—Co!*(NHs)s5]**, in which 
the cobalt atoms have crystallographically equivalent 
positions, have shown that it is not an intrinsic semi- 
conductor. Since it is concluded that complexes 
containing metal atoms in different oxidation states in 
crystallographically equivalent positions are capable 
of acting as semiconductors (Fe,!!![Fe'!(CN).]; has 


! 
i 


been shown so to behave), the absence of semiconduct- 
ing properties in the cobalt complex has been inter- 
preted as casting serious doubt that it contains both 
Co(IIT) and Co(IV). 

Tron(V) and Cobalt(V)(33). Reaction at 450° between 
potassium superoxide and iron(II) oxide in the ratio 
3K:1Fe gives quantitative yields of a black compound 
of the composition K;FeO,.2 The compound has been 
characterized by its X-ray diagram and also by mag- 
netic measurements. It exhibits a molar susceptibility 
of 3.6-3.7 Bohr magnetons (theoretical for Fet®, 3.87). 
In aqueous solution the ferrate(V) disproportionates 
into ferrate(VI) (FeO,-~) and iron(III) hydroxide. 
This represents the first report of the preparation of Fe 
(V). 

Interaction between potassium superoxide and cobalt 
(IT) oxide at 300° and 50 atm. oxygen pressure gives a 
substance having essentially the composition KCoO3. 
Although it has not been characterized definitely, this 
substance presumably contains pentapositive cobalt. 

Nickel (0).4 Much of the recent work on this oxida- 
tion state of nickel has been concerned with the replace- 
ment of carbon monoxide in the tetracarbony] by other 
neutral ligands. With some ligands complete replace- 
ment of carbon monoxide is effected, and with others 
only partial replacement occurs. (See KLernsere, J., 
J. Cue. Epuc., 29, 324 (1952).) It appears significant 
that in all cases where replacement occurs, double- 
bonded structures between nickel and ligand may be 
written. 

When nickel tetracarbonyl, dissolved in benzene, is 
treated under reflux with the ditertiary arsine chelate 
o-phenylenebisdimethylarsine dissolved in petroleum 
ether, two carbon monoxide groups in the carbony! are 
replaced by the arsine, to yield Ni(CO).[o-CsH,(As- 
(CHs)2)2] (56). This compound is a diamagnetic, al- 
most colorless solid (m. p. 125°), readily soluble in non- 
hydroxylic solvents, but insoluble in water. It is 
monomeric in benzene. Complete replacement of car- 
bon monoxide can be effected by phosphorus(III) iso- 
cyanate and thioisocyanate by reaction with the car- 
bony] at approximately 100° to give Ni[P(NCO)s;], 
and Ni[P(NCS)3], (57). As would be expected, these 
substances are diamagnetic. The reactions of nickel 
tetracarbonyl with a variety of additional compounds 
of tricovalent phosphorus have been investigated (58). 
With a large number of phosphite esters, P(OR)3, only 
partial substitution of carbon monoxide occurs; with 
dichlorophenylphosphine and dichlorophenylphosphite 
complete replacement is effected, the compounds 

3 The reaction is actually carried out in the following manner. 
Elementary potassium is first carefully converted to an oxide 
approximating K,O in composition, by means of oxygen diluted 
with nitrogen. The appropriate quantity of iron oxide is then 
mixed with the potassium oxide and the mixture heated in an 
oxygen atmosphere. The lower oxide of potassium is thus con- 
verted to superoxide, which in turn oxidizes the iron oxide. 
This procedure is of general utility for the preparation of oxo- 
metallates containing transition metals in high valence states. 

4 For an excellent review of the stereochemistry and oxidation 


states of nickel the reader’s attention is directed to an article by 
Nyuoum, R.S., Chem. Revs., 53, 263 (1953). 


JOURNAL OF CHEMICAL EDUCATION 


Ni[(CeHs)PCl2}, and being formed. 


. All the compounds are low melting and diamagnetir, 


The diamagnetism of the substitution products oj 
nickel tetracarbony] is indicative that they, like their 
parent, exhibit tetrahedral sp? binding. 

Isonitrile derivatives of nickel(0) of the type Ni- 
(CNR), (R = CeHs, CioH;—8) may 
be obtained from compounds of dipositive nickel by re- 
duction in alkaline medium with hydrazine in the 
presence of the nitrile (659). The nickel (IT) compounds 
employed were the acetate, the dipropylthiocarbamate, 
and the dimethylglyoxime complex. The reduction of 
the latter is believed to proceed according to the equa- 
tion: 
2(NiDm:.)Naz + 8RCN + NH, = 

4DmHNa + Nz + 2Ni(CNR), 
(DmH: = dimethylglyoxime) 


A summary of the completely substituted derivatives 
of nickel tetracarbony] is given in Table 2. 

A particularly interesting compound which may be 
regarded as containing nickel(0) is Ni(SN),. Reaction 
of nickel tetracarbony] with a solution of S,N, in ben- 
zene, dioxane, or cyclohexane results in the evolution 
of carbon monoxide and the formation of a black, in- 
soluble product of the composition NiN3.7 83.7, which is 
believed to be a polymeric material (60). Treatment 
of this substance with hot organic solvents converts it to 
a readily soluble, violet, crystalline compound of the 
formula Ni(NS),. This solid is diamagnetic and mono- 
meric in acetone. In sodium hydroxide solution it 
slowly decomposes to nickel(II) sulfide, ammonia, 
thiosulfate, and sulfite. Although S,N, is a tetramer 
having a ring structure, it is proposed that in the forma- 
tion of the complex the ring is broken and that four SN 
groups are coordinated through the nitrogen to the 
nickel atom. The fact that the complex may also be 
prepared from the dimer 8.N:2 lends support to this 
proposal. 

A most unusual anionic complex of nickel(0) has 
been reported (617). The reduction of the acetylide 
complex K,{[Ni(C=CH),] (prepared from {Ni(NH;)«] 
(SCN). and KC=CH in liquid ammonia) by means of 
potassium in liquid ammonia is said to give the orange- 
brown, highly pyrophoric potassium tetraethyny!o- 
nickelate (0), K,[Ni(C=CH),]. No experimental de- 
tails are described. 

The reaction of potassium tetracyanonickelate(0), 
K,[Ni(CN),], with carbon monoxide in liquid ammonia 
gives K,[Ni(CN)2(CO).] in admixture with potassium 
cyanide (62). The substance is very hygroscopic and 
rapidly decomposes in air. As would be supposed, it 
exhibits strong reducing properties. 

Nickel(I). A preliminary communication (63) on 
the structure of K,Ni(CN);, as determined by X-ray 
analysis, reports that the anion is dimeric, with the 
nickel atoms being bridged by two cyanide groups. 
The compound must therefore be formulated as |i 
[Nio(CN).]. It should be noted that the complex is 
diamagnetic. Since nickel(I) has an odd number of 
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electrons and therefore should exhibit paramagnetism, 
the diamagnetism indicates that the possibility of 
nickel-nickel bonding must not be overlooked. 

By the union of Ky[Nie(CN).] with carbon monoxide 
in liquid ammonia, K,[Ni(CN);CO] has been isolated 
for the first time in pure crystalline form (62). The 
fact that his substance is also diamagnetic suggests that 
the anion is dimeric. The compound is extremely 
hygroscopic and decomposes quickly in the atmosphere. 
It is stable in a dry nitrogen atmosphere or under high 
vacuum. 

Nickel(II1). Nickelate(III) compounds of the type 
MNiO, (M = Li, Na) have been prepared by 
bubbling oxygen through melts of the alkali metal 
hydroxides contained in nicke] tubes at about 800° 
(64). The black compounds were purified by extrac- 
tion of excess hydroxide with absolute ethanol. The 
sodium derivative also may be obtained by reaction of 
aone to three mixture of sodium peroxide and hydroxide 
in a nickel tube. LiNiO, is rhombohedral and has 
the CsCl,.I structure; the sodium salt exists in two 
crystalline modifications, with a transition tempera- 
ture at about 220°, the low-temperature form being a 
monoclinic distortion of the LiNiO. structure. The 
compounds are strong oxidizing agents. 

Nickel(IV). nickelate([V) compound of the 
formula K,NiO; has been reported to have been ob- 
tained by reaction at high temperatures between 
potassium superoxide and nickel(II) oxide. It is a 
black paramagnetic substance giving a characteristic 
X-ray pattern (33). 

A preliminary paper on the formation of stable nickel 
([V) complexes with organic thio acids functioning as 
chelate groups has been discussed in a previous com- 
munication (KLEINBERG, loc. cit.). A more extensive 
report on this subject is now available (65). The 
conclusions reached in the preliminary communication 
are in no way altered. 

With nickel(II) salts of certain thioacids, e. g., 


H,NCsH,SH-o or reaction with carbon 
monoxide in a medium containing OH~ or SH™~ ion 
(depending upon the thioacid employed) involves the 
following type of disproportionation (66) : 

2Ni({II) = Ni(O) + Ni(IV) 


The nickel(0) is isolated in the form of the tetracar- 
bonyl and the nickel(IV) as a stable complex. For ex- 
ample, with nickel(IT), dithiobenzoate reaction occurs 
as shown below: 


+ 4SH- + 8CO = 2Ni(CO), + + 
2 


s 
) + (CHC > K 


The oxidation of the nickel(III) complex [NiCl.- 
(o-CsH,(As(CHs)2)2)2]Cl by means of concentrated 
nitrie acid in the presence of perchloric acid gives a 
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deep-blue insoluble substance containing nickel(IV), 
(67). An _anal- 
ogous compound with bromine in place of chlorine may 
also be prepared. The chloro complex possesses oxidiz- 
ing power consistent with the presence of nickel(IV). 
After correction for diamagnetism, it exhibits a small 
degree of paramagnetism (ueq. = ca. 0.7 Bohr mag- 
neton), which probably is in part the result of the pres- 
ence of traces of impurity. Since the complex is essen- 
tially diamagnetic, it is assumed to be octahedral with 
d*sp* binding. The standard potential for the re- 
action: 


+= 
** + 


has been estimated to be from about —1.3 to —1.4 v. 
THE RARE EARTHS 


The preparation of the first compound containing 
tetrapositive terbium in combination with an element 
other than oxygen has been described (68). Terbium 
(IV) fluoride, TbF,, is formed when the trifluoride is 
treated with elementary fluorine at 320°. The corre- 
sponding praseodymium compound could not be ob- 
tained by this method. Terbium tetrafluoride has a 
monoclinic structure and is isomorphous with the 
corresponding compounds of zirconium, thorium, and 
uranium. It is insoluble in water. 

The preparation of 8-hydroxyquinoline derivatives of 
neodymium(IV) and praseodymium(IV) has _ been 
reported (69, 70). These compounds supposedly are 
produced by the anodic oxidation of the nitrates of the 
tripositive elements in ammoniacal solution containing 
8-hydroxyquinoline-7-sulfonic acid, followed by treat- 
ment of the anolyte with the oxine. Inasmuch as a 
previous report by one of the same authors of the anodic 
oxidation to the tetrapositive states of tripositive 
neodymium and praseodymium in ammonical solution 
containing 8-hydroxyquinoline-5-sulfonic acid could 
not be substantiated (77), the latest communication 
should be regarded with skepticism until confirmed. - 

In the presence of a large excess of the anions of ethy]- 
enediaminetetraacetic acid (H,Y), europium(III) is 
reduced reversibly to europium(II) at the dropping 
mercury electrode in the pH range from 6 to 13.6 (72). 
The complex ions of europium(II) which have been 
identified from diffusion and half-wave potential data 
are: [EuHY]~ at pH 6 to8; [EuY]~-~ at pH 11 to 13.6. 
Half-wave reduction potentials determined for the 
various Eu (iIT)-Eu (IT) couples are given below: 


E:\y,at1M anion 
CLE. 


Eu(III) complex Eu (11) complex versus 

_[Eu(HY).] [Eu(HY )} —1.223 v. 
[Eu(Y2)] [EuY] —1.250 
{[EuY(OH)] [EuY] —1.270 


Since the half-wave potential for the reaction Eu+*+* 
+ e- = Eut?+ has been found to be —0.671 versus 
8.C.E. chelation with anions of ethylenediaminetetra- 


5 Larrinen, H. A., and W. A. Tapes, Ind. Eng. Chem., Anal. 
Ed., 13, 825 (1941). 
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acetic acid appears to stabilize europium(III) against 
reduction to the depositive state. 


MISCELLANEOUS 


Moiybdenum(0) and tungsten(0) form hexaaryl 
isonitrile complexes (73, 74) analogous to the chromium 
compounds previously described. The molybdenum 
complexes are obtained in 10-15 per cent yields by the 
low temperature reduction of an alcoholic solution of 
molybdenum(III) chloride with magnesium in the 
presence of an excess of the aromatic isonitrile. The 
products Mo(CNR). (where R = phenyl, p-tolyl, 2- 
methyl]-6-chlorophenyl, 2-methyl-4-chlorophenyl, m- 
chlorophenyl, 2,4-dichlorophenyl) are yellow to red 
solids which show a slight paramagnetism, believed to be 
attributable to the presence of decomposition products. 
The compounds are stable in vacuo when dry. The 
tungsten complexes W(CNR), (R = phenyl, 2-methyl- 
3-chlorophenyl, p-chlorophenyl) are obtained in low 
yields from the hexachloride, by a method similar to 
that described for the molybdenum complexes, and like 
the latter, they are slightly paramagnetic (Table 2). 

When the vapor of molybdenum hexacarbonyl, ad- 
mixed with nitrogen or argon, is passed with cyclo- 
pentadiene, C;H., through a heated tube, a unipositive 
moiybdenum compound of the composition (CsH;)Mo- 
(CO);Mo(C;Hs) is formed in about 30 per cent yield (75). 
A similar reaction with tungsten hexacarbonyl gives 
(CsHs)W(CO).W(C;H;). The compounds may be puri- 
fied from free metal, formed by the decomposition of 
carbonyl, by extraction and crystallization from 
chloroform. These cyclopentadienyl complexes are 
diamagnetic, low-melting, purple-red solids, unaffected 
by dilute acids or bases. The molybdenum compound 
is not attacked by aqueous cerium(IV) sulfate; both 
complexes are decomposed by 6 N nitric acid or bromine 
water, with the evolution of carbon monoxide. Mo- 
lecular-weight determinations in benzene correspond 
with the formulas given above. The carbon monoxide 
units are believed to bridge the metal atoms. 


A solid i containing rhenide ion (uninega- 


tive rheni has been obtained by reduction of po- 
tassium perrh€nate in ethylenediamine-water solutions 
by means of potassium metal (76). Removal of the 
potassium hydroxide, also formed in the reaction, by 
suitable extraction procedures results in the isolation of 
potassium rhenide tetrahydrate, KRe.4H,0, in over 90 
per cent purity. This compound is slightly para- 
magnetic, the degree of paramagnetism being consider- 
ably less than that required for a substance with one un- 
paired electron. The magnetic behavior and energy 
considerations indicate that the rhenium exists in a 
hydrated complex having four water molecules coordi- 
nated at the corners of a square. The p-eparation of 
lithium rhenide in 90 per cent yield b, .eduction of 
aqueous potassium perrhenate with elementary lithium 
has been reported (77). The compound is said to be 
separated, presumably as a hydrate, from lithium 
hydroxide by fractional crystallization. No analytical 
data are provided. 
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The preparation of isonitrile complexes of palladium 


_ (0) of the composition Pd(CNR), (R = phenyl, p-tolyl, 


and p-methoxyphenyl) has been described in a pre- 
liminary note (78). These substances were obtained in 
quantitative yield by heating alcoholic solutions of the 
palladium(II) complexes Pd(CNR)2X2 (X = halogen) 
in the presence of the isonitrile and alcoholic potassium 
hydroxide. The composition of the palladium(0) com- 
plexes was demonstrated by analysis and also by the 
fact that the original diisonitrile palladium(II) salts 
were precipitated quantitatively on treatment with 
halogens. The palladium(0) compounds dissolve in 
pyridine and nitrobenzene with decomposition, the 
free metal being formed. It should be pointed out that 
this is the first record of the preparation of metal(()- 
isonitrile complexes for an element which does not form 
a corresponding simple metal carbonyl. Although 
carbonyl! halides of palladium have been characterized, 
metal carbonyls are unknown. 

The first examples of complexes of metals in the zero 
oxidation state with a ligand incapable of double-bond 
formation with the central metal atom are found in the 
pale-yellow ammine complexes of iridium (0) and 
platinum(0), Ir(NH3); and Pt(NHs3), (79, 80). These 
compounds are produced in liquid ammonia at its boil- 
ing point from the complexes Ir[(NH3);Br]Brz and [Pt- 
(NH;)4]Bre by the following reactions: 


{Ir(NH;);Br] ++ + 2Br- + 3K+ + 3e- = [Ir(NHs3)5]° + 3KBr 
metal 


[Pt(NH3)4] ++ + 2Br- + 2K+ + 2e- = [Pt(NHs),]®° + 2KBr 
metal 


On thermal decomposition (for [Pt(NH3)4] at 25° or 
below; for [Ir(NHs;)5] at about 90°), free metal and 
ammonia are formed. The iridium complex is diamag- 
netic, which may be indicative that it exists as a dimer. 
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Ix vue larger colleges and universities, especially those 
with graduate programs, there is a definite problem 
associated with providing some means of close contact, 
both scientific and personal, between the undergrad- 
uate chemistry majors and the entire chemistry 
faculty. To aid in the solution of this problem we have 
tried out for the past two years at Indiana University 
an undergraduate chemistry senunar, which we feel has 
been quite successful and which gives promise of mak- 
ing a contribution to our undergraduate program in 
several respects. 


THE IDEA AND PURPOSE 


The seminar was planned to be essentially a research 
seminar, but with some time alloted to the educational 
and professional aspects of chemistry. It was agreed 
that the seminar should not be burdensome or a lot of 
extra work, but should be as enjoyable as possible. 
The student should listen, think, discuss, and be stim- 
ulated. As a maximum, the reading of several re- 
ports, a short written paper or two, and a brief final 
exam would be required. The course would carry one 
unit credit, would meet one hour a week, and would or- 
dinarily be taken during the second semester of the 
junior year (prerequisite: 20 hours of chemistry). At 
this time the student should have sufficient background 
in chemistry to understand much of what he would 
hear, and yet it would not be too late in his under- 
graduate career to do him some good. 

The general purpose of the seminar, as stated in the 
university bulletin, is to provide “orientation in the 
scientific and technical opportunities in chemistry,” 
z. e., to give students a greater perspective in chemistry 
than is possible in the regular courses, which are of 
necessity rather specific. We hoped that these ques- 
tions might be answered, at least in part, in the stu- 
dent’s minds: What do chemists do? What is chemical 
research and what are its objectives? How is a re- 
search problem attacked? What are the various mem- 
bers of the faculty doing? What are some unsolved 
problems of current importance? What do various 
courses in the undergraduate curriculum contribute to 
the education of a chemist for his profession and as a 
member of society? 


THE ORGANIZATION 


The 15, weekly, hour-long seminars were spent ap- 


1 Presented before the Division of Chemical Education at the 
Sixteenth Midwest Regional Meeting of the American Chemical 
Society, Omaha, November, 1954. 
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proximately as follows both times the course has been 
given. 

(1) At the introductory meeting the program aid 
procedure for the course were explained by the depart- 
ment chairman, together with some observations on 
the history and scope of chemistry and its present 
status. 

(2) At the second meeting the faculty chairman of 
the chemistry curriculum committee discussed curric- 
ula for training chemists on both the undergraduate 
and graduate levels. The problem of establishing a 
proper balance between professional courses in chemis- 
try and “cultural’’ courses in the arts and humanities 
was presented, and the brochure of the A. C. S. Com- 
mittee on Professional Training, ‘“Minimum Standards 
Used as Criteria in Evaluating Undergraduate Profes- 
sional Training in Chemistry,” was discussed in this 
connection. The purpose and procedure of training 
leading to the M.S. and Ph.D. degrees were explained 
in order to give the students some idea of what grad- 
uate study is like. 

(3-13) The major part of the semester was devoted 
to a discussion of research problems by various members 
of the faculty (especially those not connected with the 
principal undergraduate courses), post-doctoral re- 
search associates, or, in one or two instances, outstand- 
ing graduate students. The discussion leaders were 
asked to emphasize objectives and methods of their 
research programs and to point out by example that 
many interesting and unsolved problems exist in every 
phase of chemistry and how the chemist proceeds to 
solve them. What was not wanted was a neatly tied 
up and routinely factual research report, complete with 
extensive data, such as is usually heard at technical 
meetings. Rather, we wanted a discussion of the 
reasons behind each research problem, its importance, 
what might be learned from the study, and possible 
experimental approaches to solution of the problem, 
including the approach being used. (Soliciting ideas 
and discussion from the class, for example on possible 
experiments to try and what each experiment proves, 
serves to develop interest, imagination, and critical 
judgment.) It was considered of primary importance 
to include as many fields and areas of chemistry as pos- 
sible in the research discussions, and of secondary im- 
portance to include as many of the faculty as possible. 

(14) One of the last meetings was given over to sclf- 
appraisal and consideration of aptitudes needed in 
chemistry. This involved stressing the importance of 
learning what types of jobs exist in chemistry (e. 4., 
research, production, or administration in chemical 
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industry; research in governmental or private research 
foundations; teaching in colleges and universities; 
etc.) and what are the educational and personal quali- 
fications required for each type of job. The importance 
of understanding one’s true interests was emphasized. 

(15) A final examination was given at the end of the 
vourse not so much for the purpose of determining the 
amount of factual material retained by the students, 
but rather to determine what ideas, concepts, and inspi- 
rations they had gained and what suggestions they 
might have as to the strong and weak points of the 
seminar. 


THE RESPONSE 


In order to judge how well the purposes of the semi- 
nar were realized from the students’ points of view, the 
following questions were asked on the final examina- 
tions: “‘What aspects of the seminar made the strongest 
impressions on you? Please write frankly of your reac- 
tions to the seminar,” or “Any comments you may 
care to make concerning the course will be appre- 
ciated....”” (The students were informed that the 
comments made would have nothing to do with their 
grade in the course.) The comments correlated sur- 
prisingly well with the purposes and goals of the semi- 
nar and fell into several principal categories, which are 
listed below (in italics) together with some direct quo- 
tations from the students’ papers. . 

Increased Incentive and Purpose for Greater Effort on 
the Part of the Student in His Remaining Advanced 
Training. One student reported that the seminar 
made him “more enthusiastic about chemistry.” A 
girl was so challenged that she complained that not 
enough was said about what she could do right now to 
“pursue her interest in chemistry beyond her course 
work.” Others said, ‘““The need for graduate educa- 
tion was made evident by the fact that, while specific 
knowledge is needed for a particular field, the chemist 
must also possess a working knowledge of all other 
fields,” and “I believe this seminar has helped me gain 
a better understanding of the requirements and oppor- 
tunities for careers in chemistry.”” (We interpreted 
this last quotation to imply that knowing the require- 
ments better, the student would be more diligent in his 
preparatory studies.) 

Better Understanding of What Chemical Research Is 
and Does and an Increased Interest in Research. “TI 
think I might safely say that the greatest advantage 
I’ve gotten from this course is an idea of what research 
islike. Before taking the course I had no idea whatso- 
ever.” “T obtained valuable information about re- 
search in general. The general idea about research 
which I had was that things only have to be figured out 
ol paper—the actual procedure is then a routine 
step.” “The manner in which a problem is attacked 
was clarified.”’ “TI also learned what some of the prob- 
lems in chemistry are and, in general, I got the mental 
attitude toward them that a chemist is apt to have.” 


* 


“Many undergraduates are, of course, confused as to 
what division and what phase of chemistry they may 
enter. This course seems to have touched on high 
points of many interesting research subjects.” 

Opportunity to Know More of the Faculty, Their 
Interests, and What They Are Doing. “I appreciate get- 
ting to know the members of the faculty. They are all 
nice people to know as far as I’m concerned.” “The con- 
tact with the faculty members, whom one probably 
would never meet, was a very good thing to me and I 
really appreciated the seminar from this angle.” “Such 
a course gives one a feeling of belonging, which is badly 
needed by a chemistry major, or, in fact, by anyone at 
such a large university. It will. ..make him feel more 
free to consult any member of the faculty about any 
special problem.” ‘The fact that most of the faculty 
are actively engaged in research, in addition to teach- 
ing duties, was not known to me prior to this course.” 
“Another point brought out by the seminar was the 
wide range of research problems being worked on here.” 
“T had no idea of what was going on right under my 
nose in this building.” ‘One thing that has impressed 
me is that many of the professors take a personal in- 
terest in the students besides just the professional in- 
terest a teacher should have.” “The thing about the 
seminar that made the strongest impression on me was 
the apparent deep interest each speaker had concern- 
ing his particular field.” (This last quotation indi- 
cates that the student caught the idea that chemistry 
can be a satisfying profession.) 

Some comments were made in criticism of the course; 
however, even these emphasized the fact that the basic 
idea and approach of the seminar were appealing to 
the students, but that we had not yet succeeded in get- 
ting all the faculty speakers to follow the desired style. 
‘“«. Some of the speakers used the lecture-room style. 
I think that. more conversation between speaker and 
students should be encouraged.”’ ‘Perhaps it would 
help if the speakers would be more general in their ap- 
proach, that is, instead of writing so many formulas, 
etc., to explain just why a certain approach was used, 
its value, etc.”” “Also, in many cases, the faculty mem- 
ber comes in and talks only about what he has done in 
his research. Although this is often interesting, it 
would, I think, be more useful if each of them could ex- 
plain some of the things that haven’t been done and 
some of the difficulties that have prevented or delayed 
them from being done.”’ 


CONCLUSIONS 


Those of us who have been closely associated with 
the seminar feel that it is accomplishing its purposes 
remarkably well. Student response shows that it fills 
several real needs in our curriculum which the usual 
lecture and laboratory courses either do not touch or 
fail to cover in an effective manner. Since our experi- 
ence has thus far been encouraging, we plan to continue 
to offer the seminar each spring semester. 


* 


* 


Dr. G. N. Cop.ry, senior lecturer at the Liverpool 
College of Technology, has pointed out that some text- 
books? erroneously use dimeric formulas such as Curl, 
for cuprous compounds and sometimes even state 
specifically that the Cu,+* ion is present. The follow- 
ing is based upon the extensive discussion of the per- 
tinent literature which he sent. 

There seem to be two possible reasons for proposing 
the dimeric formula. One is the analogy with the mer- 
curous ion (which undoubtedly* is Hg.++ under most 
conditions) instead of the much closer related mono- 
meric silver ion The other is the abnormally 
high vapor density of the cuprous halides, whose early 
determinations suggested the presence of dimer. More 
recent and very careful experiments of Brewer and Lof- 
gren‘ have shown, however, that the dimer cannot be 
detected in the vapor of cuprous chloride, while a 
monomer-trimer mixture accounts fully for all observa- 
tions. At low temperatures, 7. e., 1000°K., its vapor 
is 99.999 per cent trimeric while at 2000°K. the monomer 
forms about 70 per cent of it. For the other halides 
the situation is less clear cut. Some dimer may be 
present, especially in the case of the bromide. 

Electron-diffraction studies® on cuprous halide vapor 
show two interatomic distances. This evidence is 
compatible with a cyclic benzene-like structure of 
alternating copper and halide atoms. Thus, the data 
on the vapor lend little support to the dimeric formula 
and certainly none to the Cu,+* ion. 

Solid cuprous compounds all seem to have each cop- 
per atom surrounded by other atoms as nearest neigh- 
bors.6 These neighbors are arranged either tetra- 


! Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to K. J. M. at the above address. Con- 
tributors of discussions in a form suitable for publication directly 
will be acknowledged as guest authors. 

? Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual 
texts, the source of the errors discussed will not be cited. The 
error must occur in at least two independent standard books to 
be presented. 

3 CarRTLEDGE, G. H., J. Am. Chem. Soc., 63, 906 (1941). 

4 Brewer, L., anp N. L. LorGren, ibid., 72, 3038 (1950). 

5 MaxwELL, L. R., anp V. M. Mostey, Phys. Rev. 55, 238 
(1939). 

®We.ts, A. F., “Structural Inorganic Chemistry,” Oxford 
University Press, Oxford, 1952, p. 615. 
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hedrally as in the halides and amines or linearly as in 
the oxide. The bonds are probably formed by 4s 4p’ 
and 4s 4p hybridizations respectively. In the halides 
and the oxide there are no distinct molecules but only 
infinite networks of alternating atoms. Thus, again 
there is no evidence for dimerization or Cu—Cu bond- 
ing. 

Copper is found to be diamagnetic in all cuprous 
compounds. This suggests that the Cu(I) compounds 
are not produced by a Cu(II)—Cu(0) combination, 
since divalent copper is paramagnetic. Furthermore, 
cuprous compounds, even the amines in solution, are 
colorless in contrast to the well known color of the cupric 
ion under these conditions. 

The question of the cuprous ion itself in aqueous solu- 
tion was examined in detail over 50 years ago by Béd- 
lander and Storbeck.’ While their experiments may 
seem somewhat rudimentary at present, the results 
appear clear-cut enough to be conclusive. Essentially 
their approach was to determine the concentration of 
free cuprous copper in various equilibrium solutions 
and to compare the equilibrium constants calculated on 
the assumption of Cu+ and Cu,++. In all cases they 
found that the first assumption gave much more con- 
stant results than the second. The determinations 
were either analytical or from concentration cells with 
transference (neglecting the junction potentials). They 
corrected for the presence of complex cuprous ions by 
separate determination of the stability of the complexes. 
Their corrections involving degree of ionization of 
the salts accounted to some extent for what now would 
be considered necessary use of activities. 

Thus, for the disproportionation reaction one can 
write either 


2Cu+ = Cu+ Cutt; = 
or 
> 
Cu.** Cu + Cu Ka [Cu(1) ]/2 


The values determined analytically in saturated solu- 
7SeLwoop, P. W., ‘Magnetochemistry,” Interscience Pub- 
lishers Inc., New York, 1943, p. 181. 
8 BODLANDER, G., AND O: StorBEck, Z. Anorg. Chem., 31, 458 
(1902). 
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ions of the chloride and bromide in water gave for K», 
1.6 X 10-4 and 2.0 X 10-4 while for Kg 11.3 and 4.0 
vere obtained. Much better constancy was thus dem- 
nstrated for the monomeric formulation. 
Similarly the potential of the concentration cell 
ormed by immersed copper electrodes, one in 0.1 N 
KCl saturated with cuprous chloride, the other in 
).1 N KBr saturated with cuprous bromide, was com- 
puted from the separately-measured solubility products 
(Cl and K*®* of the two salts. 
The two expressions were 


0.058 log (Km°!/[Cl-])([Br7]/Km®*) = 0.058 log 
(1.2 10-*/0.095)(0.099/4.15 10~*) = 0.0854 


for the monomer, and 


Ea = (0.058/2) log (Ka“/[Cl- ]*)( [Br-]?/Ka®") = 0.029 log 

(3 X 10-*/9 K 10-*)(9.8 K 10~4/8.6 K = 0.0744 
for the dimer. Experimentally 0.0860 was found which 
agreed with the monomeric formulation. 

Bédlander and Storbeck also studied the equilibrium 
system of potassium iodide saturated with both iodine 
and cuprous iodide. Here, too, they found that only 
the monomeric formulation gave consistent results. 
Thus, there seems to be no good argument for the ex- 
istence of Cu,++ while the evidence for Cut+ appears 
quite strong. 
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Some of the confusion in stereoorganic chemistry has 
arisen owing to carelessness in adhering to certain estab- 
lished rules or conventions concerning configurational 
representation. Until about five years ago, most in- 
troductory organic textbooks and certain advanced 
works in organic chemistry were especially in error with 
regard to the meaning of the planar configurational 
formula of the importaut reference compound p- 
glycerose (p-glyceraldehyde). The teacher and stu- 
dent alike were confronted with a number of inaccuracies 
related to this compound. Other errors of a similar 
nature also existed in the general field of stereochemistry. 
Since modern organic chemistry is so vitally concerned 
with stereochemistry, it is of value to consider some of 
these difficulties. 

’ The absolute configuration of p-glycerose was not 
reported until 1951. However, the planar configura- 
tional formula (I) was assigned to this compound long 
ago. It was no doubt commonly felt that since the 
standard for writing this formula was an arbitrary 
one, you could work backward from it and obtain either 
the three-dimensional model (II) or the model (III), 
both of which by the arbitrary standards which 
happened to be chosen at the time could be represented 
by (I). 


CHO CHO 
Son 

CH,OH CH,OH CH,OH 

(I) (II) (IIT) 


This, of course, was done without attention to the real 
nature of the arbitrary standards set down by Emil 
Fischer.2. There are still some reference sources per- 
taining to organic chemistry that wrongly select model 


1 Presented before the meeting of the Pacific Southwest As- 
sociation of Chemistry Teachers at the University of California, 
Riverside, April 30, 1955. The author is indebted to Professor 
Norman Kharasch for the use of a reprint of the paper “Deter- 
mination of the absolute configuration of optical antipodes,”’ 
by Brvort, J. M., Endeavour, April, 1955, p. 71. 

2 Fiscuer, Emin, Ber., 24, 1836 (1891). 
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(III) rather than correctly choosing model (II) to be 
represented by (I). According to the conventions orig- 
inating from Fischer, the hydrogen and _ hydroxy! 
bonded to the asymmetric carbon of the planar glycerose 
formula are projected upward from the plane, or toward 
the observer. 

Rosanoff* promoted the currently used convention for 
the p-series of aldoses. He related these aldoses to 
p-glycerose. In the p-series the hydroxy] is always to 
the right on the bottom asymmetric carbon when the 
aldehyde group is at the top of the vertical chain of 
carbons. The L-series consists of the antipodes of the 
p-series. Hence, the hydroxyl is always to the left on 
the bottom asymmetric carbon in this series when the 
aldehyde group is at the top. 


CHO cHo 
(CHOH), (CHOH), 
or 
H—C—OH 
| 
CH,OH CH, OH 


p-Aldoses 


This rule was established because Emil Fischer had 
previously assigned the p prefix to certain sugars that 
could not justifiably be placed in that category. For 
example, Fischer had given the name p-gulose to the 


gulose antipode that yielded the same saccharic acid as 
p-glucose. 
CHO COOH CHO 
H—C—OH H—C—OH H—C—OH 
H—C—OH H—C—OH HO—C—H 
GH.OH COOH 
p-Glucose Saccharic acid t-Gulose 


(called p-Gulose 
by Fischer) 


3 Rosanorr, M. A., J. Am. Chem. Soc., 28, 114 (1906). 
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It was Rosanoff who pointed out that to place two car- 
bohydrates in the same pD-series or in the same L- 
series merely because they yield the same saccharic 
acid leads to confusing inconsistencies. The gulose 
called Dp by Fischer is obviously t-gulose in Rosanoff’s 
classification because the hydroxy] at the bottom asym- 
metric carbon is to the left when the aldehyde group 
is at the top of the vertical carbon chain. 

It was not until recently that J. M. Bijvoet* sug- 
gested that the absolute configurations of the optically 
active tartaric acids could be determined by means of 
X-ray analysis of certain of their salts. The pos- 
sibility that such an analysis might work had long been 
overlooked but was imbedded in a statement of von 
Laue’ in 1916. Prior to that time it had been assumed 
by W. L. Bragg® that the phase difference between the 
waves of two atoms depended only on the path differ- 
ence between those atoms, and that the nature of the 
atoms had no influence on the phase. von Laue 
wrote that it would be interesting to see whether an 
exception could be established in cases where the fre- 
quency of the incident X-ray radiation lies near a nat- 
ural frequency of the atoms. 

The idea proposed by von Laue was tested in 1930 
by Coster, Knol, and Prins.’ They used a zinc sulfide 
(zine blende) crystal for analysis, and the X-rays pro- 
duced in an X-ray tube having a gold target for the 
cathode rays. The La; radiation of gold just excited 
the K electrons of zine. The resultant anomalous 
scattering permitted the determination of whether the 
crystal was being viewed in the ZnS-ZnS direction or in 
the SZn-SZn direction; in other words, the polarity of 
atomic succession was found through the aid of anoma- 
lous diffraction. 

Normal diffraction cannot be used to distinguish 
between mirror-image crystals, or antipode molecules. 
During the years from 1930 to 1950 it was even gener- 
ally felt that it was essentially impossible to assign ab- 
solute configurations to antipode molecules by means of 
X-ray analysis. In 1949 J. M. Bijvoet* made public 
the statement that by means of anomalous diffraction 
even absolute configurations could be established. 
This statement was followed up in 1951 with experi- 
mental work establishing the absolute configurations 
of the dextro and levo tartaric acids. Bijvoet® employed 
the sodium rubidium tartrate dihydrate (NaRbC,H,O,- 
2H.O) prepared from dextrorotatory tartaric acid. 
Excitation of the rubidium atom was accomplished 
by X-rays from a zirconium target. In other words, 
the Ka X-rays from the zirconium had frequencies in 
the absorption edge of the K electrons of the rubidium 
atoms. The difference in patterns that would be 
caused by the salts of dextrorotatory and levorotatory 
tartaric acids, as a consequence of anomalous diffrac- 


‘ Buvoet, J. M., Proc. Acad. Sci. Amsterdam, 52, 313 (1949). 

von Laug, M., Ann. Phystk., 50, 433 (1916). 

’ Braaa, W. L., Physik. Z., 15, 77 (1914). 

7 Coster, D., K. S. Knot, anp J. Prins, Z. Physik, 63, 345 
1930). 

PeeRDEMAN, A. F., A. J. VAN BomMMEL, AND J. M. Brsvoet, 
Proc, Acad, Sci. Amsterdam, B 54, 16 (1951). 


tion, was predicted with the aid of quantum me- 
chanics. The particular pattern obtained by Bijvoet 
for the salt he used corresponded to that predicted for 
the salt of the L(deztro)-tartaric acid of Emil Fischer’s 
conventions. Hence, Emil Fischer’s arbitrary conven- 
tions turned out to be the absolute ones; or stated 
differently, by accident they corresponded to reality. 

There is still a tendency for a novice in the field of 
stereochemistry to use the terms deztro and p inter- 
changeably, as well as the terms levo and L. It is 
particularly evident, now that some absolute con- 
figurations have been found, that the p and L terms have 
reference to configurations whereas dezxtro and levo, 
respectively, indicate dextrorotatory and levorotatory 
substances. One of the examples most often used in 
clarification of this point is the oxidation of p-glycerose 
to p-glyceric acid. Whereas the configuration ob- 
viously does not change through oxidation, because the 
hydrogen and hydroxy] joined to the asymmetric carbon 
atom are not altered in configurational bonding, the 
sign of rotation does change. 


[0] 


CH,OH CH,OH 


p(dextro or + )-Glycerose p(levo or — )-Glyceric acid 


Dextro and + are interchangeable and so are levo and —. 
Dexiro and levo mean rotation of the plane of polar- 
ized light to the right and to the left, respectively, as 
the observer looks toward the plane of polarized light 
through the substance analyzed; + and — designate the 
signs of the degrees of rotation given at the eye piece 
of the polarimeter. The plus and minus signs avoid 
the flaws inherent in the theoretical conception of a 
“plane of wave motion of light” and its being turned by 
passing through an optically active material. In- 
stead, signs can be given to the degrees of rotation of 
the eye piece necessary to restore matching fields of 
light at the eye piece of the instrument, after the electro- 
magnetic energy called plane polarized light has entered 
a substance and the electromagnetic energy that exits 
gives matched fields once more. This distinction be- 


CN 
CHO CHOH 
HCN 
HO—C—H —— HO—C—H 
CH.OH CH,OH 
.-Glycerose 
COOH COOH a 
CHOH H—C—OH HO—C—H 
| | 
| 
CH.OH COOH COOH 
dextro- meso- 
Tartaric acid Tartaric acid 
(absolute) 


| 
i i 
C—OH 
no 
} 
—~H 
~OH 
~H 


| 
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tween dextro and pb, as well as levo and L, is needed in 
relating the glyceroses to the tartaric acids. 

The arbitrary configurations given to p-glycerose and 
p-glyceric acid are now absolute ones because deztro- 
tartaric acid can be related, in theory, to L-glycerose 
through the above chemical reactions. pv-Glycerose is, 
therefore, of the same absolute configuration as levo- 
tartaric acid. Also, it is evident, because of well- 
established reactions and Rosanoff’s conventions, that 
p-glucose has the absolute configuration represented as 
follows: 


CHO CHO 
HO—C—H HO H 
H OH 
CH,OH CH,OH 


Acyclic p-glucose 


Acyclic p-glucose 
(three-dimensional ) 


(planar) 


Once the meanings of D, L, dextro, and levo are under- 
stood, the problem of ring configurations of sugars 
can be considered. When the carbonyl group enters 
into ring formation, a new asymmetric carbon is pro- 
duced with a hydroxy! radical joined to it. In the 
case of p-glucose, two compounds result with six- 
membered or pyranose rings, namely a-p-glucopyranose 
and 6-p-glucopyranose. This results when the acyclic 
molecule undergoes intramolecular hemiacetal forma- 
tion. In writing planar formulas, ambiguous and 
unambiguous methods can be, and often are, employed. 


H OH 
C—— H—C—OH 
| 
H—C--OH | 
| 
HO—C—H O HO—C—H | 
H—C—OH | 
4 
| 
CH,OH 
Ambiguous Unambiguous 
a-p-Glucopyranose 
HO H 
hey | 
| O 
HO—C—H O HO—C*—-H 
| 
H—C—OH H—C‘OH 
| | 
| H—C5 4 
CH.OH C8H,OH 
Ambiguous Unambiguous 
B-p-Glucopyranose 


Planar configurational formulas 


In the case of the alpha and beta situations, one might 
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have difficulty in arriving at three-dimensional models 


. from the planar configurational formulas labeled as 


ambiguous. At carbon No. 5 it is evident that the 
hydrogen and ring oxygen are projected toward the 
observer. At carbon one, or the hemiacetal carbon, 
both a ring oxygen and a hydroxyl are present. It 
would be a question as to whether the hydrogen and 
ring oxygen or the hydrogen and hydroxy! are to be 
projected toward the observer, while maintaining their 
right and left relationships shown by their written 
planar configurations. Actually, the hydrogen and 
hydroxy] are projected toward the observer. By bond- 
ing the ring oxygen from above the top carbon, thereby 
making it essentially a part of the apparent carbon 
chain, the projection of hydrogen and hydroxy! at 
carbon No. 1 of the formulas labeled unambiguous can 
be tackled in the same way as at the other carbons. 

Diastereoisomers are optical isomers whose con- 
figurational formulas can be divided into two optical 
portions, one portion of which has the same configura- 
tion in each molecule, but the other portion involves 
mirrored configurations. Alpha and beta modifica- 
tions of a particular sugar, of specified ring size, are 
ordinary diastereoisomers. They differ in configura- 
tion only at the hemiacetal positions. It is customary 
to refer to such an alpha and beta pair as anomers. 
In the p-series, the anomer with the more positive spe- 
cific rotation is the alpha isomer, while the beta isomer 
has the less positive rotation. The L-series is com- 
prised of the mirror forms of the p-series. Since each 
single antipode has a specific rotation equal but op- 
posite in sign to its mirror form, it follows that in the 
L-series the alpha isomer of an anomeric pair has the 
more negative rotation and the beta isomer has the less 
negative rotation. Usually the alpha anomer will be 
the one with the hemiacetal hydroxy] on the same side 
as the oxygen of the bottom asymmetric carbon when 
the hemiacetal is toward the top of the chain; the beta 
anomer usually has the hydroxyl of the hemiacetal on 
the opposite side from the oxygen of the bottom asym- 
metric carbon. That oxygen of the bottom asymmetric 
carbon may be involved in the ring, as in the anomeric 
pyranose forms of p-glucose, or that oxygen may be a 
part of a hydroxy! group, as occurs in the anomeric 
furanose forms of p-glucose. 


H—C—OH | HoO—C—H | 
H—C—OH 
HO—C—H HO—C—H 
H—C—OH 


a-D-Glucofuranose B-p-Glucofuranose 


In the case of the glycosides, the same rules of rota- 
tional values and configurational assignment hold as 
do with the hemiacetal sugars themselves. The only 
structural difference between glycosides and_ these 
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hemiacetals is that —OR replaces hemiacetal —-OH. 
It should be emphasized that it does not necessarily 
follow that, if the specific rotation is more positive in 
the p-series for a given glycoside or a given cyclic form 
of 2 sugar, the alkoxy group or hydroxy] will be on the 
same side as the oxygen of the bottom asymmetric 
carbon; it only means that the particular isomer in the 
p-series must be called alpha because it has a higher 
specific rotation than its anomer. 

For many purposes, three-dimensional models are 
valuable in formulating chemical reactions. Haworth*® 
used the system of expressing the furanose or pyranose 
ring in a horizontal, coplanar manner, with hydrogens, 
hydroxyls, and carbon-chain residues projected verti- 
cally above or below the plane of the ring. He formu- 
lated 6-p(dextro)-glucopyranose in this way: 


°CH,OH 


H OH 
B-p(dextro)-Glucopyranose 


Carbon Nos. 2 and 3, in this particular medel, are pro- 
jected outward from the plane, while carbon No. 5 is 
projected into the plane. The atoms or groups joined 
vertically to the ring carbons were understood to 
project slightly outward from the ring, in order to place 
each ring carbon as nearly in the center of a tetrahedron 
as permissible. 

Comparison of-the unambiguous planar configura- 
tional formula of 8-p-glucopyranose with the Haworth 
three-dimensional model reveals another peculiarity 
often overlooked. The hydrogens at carbon Nos. 4 and 
5 of the planar formula are written on the same side, 
thus giving conformity to Fischer’s rules of projection. 
The Haworth model shows those two hydrogens actu- 
ally to be on opposite sides of the ring. This is due to 
the fact that in forming a ring from an acyclic p-glucose 
model, a twist about carbon No. 5 is necessary, thereby 
causing this apparent discrepancy. This is always true 
of acyclic models. When the nth carbon down the 
chain is asymmetric and is joined to the ring oxygen, 
the apparent cis or trans relationships of the hydro- 
gens at the nth and (mn — 1)th carbons of the planar 
formulas are opposite from the actual trans or cis rela- 
tionships in the Haworth models. 

Another error that shows up concerns those instances 
in which a Haworth type of formula has a residual chain 
of carbons joined to the ring, with an asymmetric car- 
bon in the residue. Since the configuration of this 
residue must be represented in a two-dimensional way, 
the hydroxyls of the residue must be represented in 
accord with Fischer’s conventions. For example, cor- 
rect and incorrect models of 6-p-idofuranose are com- 
pared with the planar configuration. The focal point is 
carbon No. 5. In the correct Haworth model (A), car- 
bon No. 5 has the bonded hydroxy! to the right because 


*’ Hawortn, W. N., J. Soc. Chem. Ind., 96, 295 (1927). 


91 
re *CH,OH *CH,OH 
OH HO—C—H H—C—oH 

H—C—OH ‘4 H 
H 1 H 4\oH H 
3 2 2 
CH yon OH OH 
5 «| OH OH H 
HOCH, 
6 
CH,OH 
Correct (A) Correct (B) Incorrect (C) 
Correct Haworth models 
planar 


6-p-Idofuranose representations 


the configuration must be represented in a planar man- 
ner at that position. Therefore, when carbon No. 5 is 
downward from the ring, its configuration is represented 
exactly as carbon No. 5 is shown in the planar formula. 
On the other hand, Haworth model (B) is also correct 
because carbon No. 5 is projected upward from the 
ring; the same thing would result if carbon No. 5 of 
the planar formula had the primary alcohol group placed 
at the top of the vertical chain and the aldehyde at the 
bottom, with a correct retention of configuration for the 
entire molecule. It is evident, therefore, that the 
Haworth model (C) is wrong because the hydroxy] at 
carbon No. 5 must be to the left when carbon No. 5 is 
projected upward from the ring. In passing, it should 
be noticed that the hydrogens bonded at carbon Nos. 3 
and 4 of the Haworth models are correct in their cis 
relationship, whereas they appear to be trans in the 
planar formula. 

The alpha and beta anomers of p-fructofuranose 
display another difficulty in planar representation. 
Customarily, these molecules are represented in this 
way: 


HOCH 64 HO CH.OH 
| 
HO-C-H | HO—C—H 
| O | O 
H—C—OH | 
H—C —— 
CH.OH CH.OH 


* a-p-Glucofuranose 8-p-Glucofuranose 
Ordinary representation 


Again, it might be a question as to whether the ring 
oxygen or the hydroxyl at carbon two should be pro- 
jected toward the observer. The ring oxygen could be 
bonded from above, while the hydroxymethyl radical 
might be bonded to the side. 


1 
HOCH:—C—OH 


HO—C—CH.OH | 
| 


HO—C—H | HO—C—H 
O O 
H—C—OH | H—C—OH 
| 
H—C——— 
6) 
CH.OH CH:OH 


a-b-Fructofuranose 8-p-Fructofuranose 


H OH 
H 1 
HO 
3 
i 
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By writing the hydroxymethyl! group to the right or to 
the left at carbon No. 2, it is then clear that these two- 
dimensional formulas would be transferred into the 
following three-dimensional models: 


®CH,OH 
5 


CH,OH 


OH 
a-b-Fructofuranose® 


8-p-Fructofuranose® 


In transferring the planar models to the three-dimen- 
sional ones, of course, a /rans relationship of hydrogens at 
carbon Nos. 4 and 5 is produced. The alpha and beta 
terms have reference, respectively, to higher and lower 
specific rotations in the p-series. 

Still unsettled for certain chemists is the matter of 
assignment of the p and L prefixes to the tartaric acids. 
Whereas Wohl assigns a p prefix to the levorotatory 


form, Freudenberg gives this same form an L prefix. 
COOH COOH 
Ho—G_H H—¢_oH 
H—¢_oH HO—C_H 
boou 
Levorotatory Dextrorotary 


p(levo)-Tartaric acid (Wohl) L(dextro)-Tartaric acid 
Wohl 


p(dextro)-Tartaric acid 
(Freudenberg) 


i(levo)-Tartaric acid (Freudenberg) 


The Wohl designation is the one ordinarily em- 
ployed at the present time. For a long time, dextro- 
rotatory tartaric acid was assigned the p prefix because 
it could be obtained by a direct oxidation of p-glucose. 


CHO 
H—C_OH COOH 
[0] H—C—OH 
H—C_OH COOH 
CH.OH 
Dextrorotatory 


tartartie acid 


Rosanoff, in 1906, insisted: ‘The direct oxidation which 
produces ordinary” tartaric acid from p-glucose is 
scarcely a more reliable criterion than would be a 
process of destructive distillation.” The Wohl 
system ought to win out because in his procedure the 
hydroxy! on the bottom asymmetric carbon is to the 
right for the p antipode, just as in the case of the p- 
sugars. It makes no difference, in the case of the 
levorotatory tartaric acid, which of the carboxyls is 


° Author’s correction added in proof: the positions of the OH 
and H on the Nos. 3 and 4 carbon atoms should be reversed. 

1 By “ordinary”’ is meant the readily available dextrorotatory 
form. 
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placed at the top of the vertical chain of carbons, since 


‘the hydroxy] is still on the right at the bottom asym- 


metric carbon. 

There are numerous instances in which the absolute 
configuration of a molecule is known but a D or 1 
assignment to the configuration is arbitrary. An ex- 
ample in point is levo-sec-butyl alcohol, whose absolute 
configuration is known through this reaction sequence: 


CHO COOH 
| [O] | PBr; 
H—C—OH ——— H—C—OH ———— 
| then HOH 
CH.OH CH,OH 
p(+) p(—) 
COOH COOH 
| He | 
H—C—OH ——— H—C—OH 
Pt 
CH2Br H; 
p( —)Lactie Acid 
CH.OH CH.Br CH:CN 
LiAIH, | PBrs | KCN 
— H—C—OH ——> H—C—OH 
| | 
CH; CH; CH; 
CH:COOH CH.CH.0OH 
hydrol. | LiAlH, | PI; 
—— H—C—OH H—C—OH 
CH; CH; 
CH2CHal CHs 
con —— « 
| Pt | | or 
CH; CH: 
| 
CH; CH; 
CH,CH, 
= —13.1° 
CHs On pure liquid 
H 


(—)-sec-Butyl] alcohol 


The hydroxyl can be written to the right or to the left. 
If one were to follow the rule that the asymmetric 
carbon should be placed as near to the bottom of the 
chain as possible, then this would be p(—)-sec-buty! 
alcohol because the hydroxy] is to the right under such 
conditions. No such rule has been established. Still, 
most people assign the p prefix to this particular anti- 
pode. 

An intimate knowledge of organic chemistry and sub- 
stitution reactions is needed to be able to assign a D or L 
prefix to substances like the alanines and a-chloro- 
propionic acids. The tL-series with relation to the 
known L-lactic acid is this: 


COOH Coun 
CH; CH; CH; 
L-Alanine 1-a-Chloropro- L-Lactic acid 
pionic acid 


Absolute configurations of the optically active bi- 
phenyls like 6,6’-dinitro-2,2’-diphenic acid are as yet 
unknown. 
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NO, 
NO, 


COOH 


COOH 


COOH 
Even if they were known, there would be no way to 
classify the antipode acids as p or L. The same thing 
is true of substances such as the camphor antipodes. 

It would be very difficult to establish a rule for giving 
aD or L prefix to levo-inositol. Its absolute configura- 
tion is known through oxidation to certain saccharic 
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acids. Any carbon chosen* could have its hydroxy] 
to the right or to the left. 


H OH 
HO H 
H OH 


levo-Inositol 


Any carbon could be placed at the bottom bv rotating 
the ring about its center like a wheel. 


+ 
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BY ANALOGY 


Anatoc computers are being used increasingly as “‘simulators”’ 
for system design problems and industrial process control. In 
contrast to digital computing machines, which work with actual 
numbers (digits) and achieve their results by making a great 
number of “yes” or “no” choices, the analog instruments op- 
erate on electrical or mechanical analogs of the quantities actually 
measured. 

Thus a slide rule, which multiplies by adding logarithms, is 
an analog computer. (The words analog and logarithm both 
derive from a root that implies proportion or similarity.) The 
distance along the scale of a slide rule from 1 to 2.represents, or is 
an analog of, the logarithm of the number 2. If there is added to 
this a distance corresponding to the logarithm of the number 3, 
the over-all distance measured out corresponds to the number 
6; multiplication has been achieved by a mechanical analogy 
to a mathematical process. Similarly, numbers may be repre- 
sented by such direttly measurable quantities as voltages, re- 
sistances, shaft rotations, etec.; M. I. T.’s first “differential 
analyzer,’’ built in 1931, operated on mechanical principles. 

Many problems in both research and industry can be handled 
on either analog or digital computers. For clerical systems, how- 
ever, or any problem where results must be expressed in many 
figures, with great accuracy, a digital machine is generally used, 
either throughout the problem or after an approximate solution 
has been determined by the analog computer. Thus it would 
be possible, for example, to calculate stresses at various points 
of an airplane model, under many different wind conditions, 
by either analog or digital techniques. But if the initial data 
are limited as to accuracy, a suitable range of sizes for structural 
members can first be found rapidly by analog techniques, and 
then a final solution can be obtained, to much greater accuracy, 
by using more refined data fed into a digital computer. Analog 
computers have found their greatest application to date in han- 
dling engineering design problems. 

Analog development started around 1938, to simulate pressure, 
flow, and temperature measurements in process control systems. 
Later, analog computers were used for machine and aerodynamic 
design, for studying aircraft control and missile systems, and for 
training pilots, radar operators, and weapon crews. Accuracy 
of these early simulators was satisfactory for the purpose, and 
well within the limits of precision of the data employed. As the 
devices were refined for anti-aircraft fire control, accuracy and 
speed became more important, since computation had to be made 
while the radar information from the target was coming in and 
the guns were being trained. Components for such equipment 
now have an accuracy of 0.2 per cent or better. 


TESTING VARIABLES 


Analog computers may be arranged to simulate er parallel a 
continuous process and to give continuous qualitative results— 
for example, in terms of pressure, voltage, or speed. Each of 


the variable factors in a process—temperature, pressure, color, 
acidity, etc.—may be represented by a voltage fed into the com- 
puter; reaction with other input voltages simulates the actual 
conditions of the process. By varying the inputs at will, the 
operator of the analog computer can predict the outcome of any 
combination of variables with useful accuracy—usually to the 
fourth decimal place. 

As one example, analysis by analog computation was recently 
applied to a new generator for an escort carrier, which was satis- 
factory in initial tests, but developed excessive vibration when 
operating under full power at sea. Under ordinary circum- 
stances, correction would necessitate making several changes in the 
size and rigidity of the supporting structure and observing the 
effect; such a program would obviously be costly and would take 
time. With an analog simulator, 16 different modifications were 
tried out within five hours, and the solution offered by the simu- 
lator corrected the difficulty. 


PILOT STUDIES 


In the chemical industry, the low-cost analog computer can 
supplement or substitute for the pilot plant, permitting the simul- 
taneous testing of a number of variables without interrupting the 
process. In one test, simulated runs of a processing plant in- 
dicated that feeding one raw material at 10 to 20 per cent ef the 
concentration of the other would increase the yield of the desired 
product from 50 to 90 per cent of the total output. Here, cost 
savings were realized in terms of raw materials and avoidance 
of down time; in other cases, analog studies permit experimenta- 
tion under otherwise difficult conditions. For studies of nuclear 
reactor control, abnormal operations or failures may be simulated 
safely with analog equipment, where reproducing the actual 
conditions of failure could be impossibly dangerous. 

In general, digital computers are expensive, justifiable only 
where handling large numbers of digits is necessary. A medium- 
sized one may cost from $60,000 to $300,000; the “giant brains”’ 
cost more than $1 million and are capable of eight-figure ac- 
curacy. Analog computers, while less accurate, are usually much 
cheaper ($5000 to $200,000). 

There has been considerable speculation about the possibility 
of applying computer components to actual process and machine 
‘control and to materials handling—the “automatic factory.” 
Existing process controls involve many specialized analog de- 
vices—mechanical linkages, dials, etc.—that are accurate enough 
to be used with human supervision. It is conceivable that digital 
machines may be combined with analog instruments to obtain 
an over-all control system. Settings on individual analog con- 
trol circuits could be supervised and adjusted by the digital com- 
puter, in order to optimize the over-all working of the plant.— 
Reprinted from the Industrial Bulletin of Arthur D. Little, Inc. 
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Poiston ivy is probably the most widely known of all 
North American poisonous plants. The painful irri- 
tation, inflammation, and blistering of the skin that 
follows contact with the plant is an experience that a 
great many people suffer every year. Sensitivity to 
the plant varies widely from one individual to another. 
Highly sensitive individuals on slightest contact with 
the plant often develop a poison ivy dermatitis condi- 
tion so severe as to require hospitalization. 

There are three varieties of the species Rhus toxicoden- 
dron that are responsible for the majority of poison 
ivy-like dermatitis cases in this country. They are 
poison ivy (Rhus toxicodendron radicans), poison oak 
(Rhus toxicodendron diversilobum), aiid poison sumac 
(Rhus toxicodendron vernix). All three belong to the 
Anacardiacea family of plants, members of which are 
found in many parts of the world. Two other inter- 
esting members of this family are the lac tree (Rhus 
verniciflua) found in Japan, China, and Indo-China 
and the cashew nut tree (Anacardium occidentale) 
found in India, East Africa, and Central and South 
America. 

Poison ivy is particularly abundant in the north- 
eastern quadrant of the United States and in south- 
eastern Canada, whereas poison oak is most commonly 
encountered in the western United States and north- 
ern Mexico. Poison sumac is commonly found in the 
swamp regions of the southern and eastern United 
States. 


CHEMICAL STRUCTURE OF THE ACTIVE PRINCIPLE 


There has long been an interest in determining the 
chemical structure of the active principle of poison ivy. 
The first chemical investigation was made by Khittel 
(1) a little less than 100 years ago, and about 20 years 
ago the carbon skeleton of the active principle was es- 


1 Abstract of an address presented at the 17th Summer Con- 
ference of the New England Association of Chemistry Teachers 
at Tufts University, Medford, Massachusetts, August, 1955. 
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THE TOXIC PRINCIPLE OF POISON IVY’ 


CHARLES R. DAWSON 
Columbia University, New York, N. Y. 


tablished by Hill and his students at Wesleyan Uni- 
versity (2). 

During the period from 1906 to 1922 the work of 
Majima and associates in Japan, on the chemical na- 
ture of the vesicant material in the sap of the Japanese 
lac tree, was outstanding. They extracted from the 
sap a highly active yellow oil which gave typical cate- 
chol reactions. Majima called the yellow oil Urushiol 
and observed that it was unsaturated. He proved 
that the hydrogenated form, hydrourushiol, had the 
structure of 3-pentadecylcatechol and he also synthe- 
sized a number of derivatives (3). His attempts to 
locate the positions of the olefinic bonds in the fifteen- 
carbon side chain of urushiol led him to conclude that 
urushiol was a mixture of hydrourushiol and _ three 
olefinic components which he could not separate by 
methods available at that time. He proposed struc- 
tures for the three olefinic components on the basis of 
ozonolysis studies made on the mixture (4). However, 
recent work at Columbia by Sunthankar has shown 
that two of the olefinic structures proposed by Majiima 
must be modified (4). 

In 1934, Hill at Wesleyan University recognized 
that the texic oil extractable from poison ivy was very 
similar in properties to the Japanese lac urushiol (2). 
The yellow oil upon catalytic hydrogenation, methy!a- 
tion, and acylation gave compounds having the same 
physical constants, toxicity, and elementary analysis 
as those reported by Majima after hydrogenation of 
urushiol. These results have led to the widespread 
impression that the poison ivy principle and Japanese 
lac urushiol are identical. Such a conclusion, however, 
is not justified on the basis of Hill’s results which es- 
tablished only the identity of the hydrogenated forms 
of the two oils. 

Recent investigations at Columbia University have 
shown that the poison ivy principle is a mixture of four 
components, all having the structural skeleton of the 
minor and saturated component, 3-pentadecyleatechol 
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(hydrourushiol) (6). In this way the poison ivy oil is 
similar to the lac urushiol. However, the poison ivy 
principle and the lac urushiol are not identical (4). 
The higher olefinic components of the two oils do not 
have the same structures, and they do not appear to be 
present in the same relative amounts. 

During the past war we had an opportunity at Col- 
umbia to work for several years on the structures of 
the alkenyl phenols present in cashew-nut shell liquid 
(7-11). The oil in the shell of the nut is almost com- 
pletely phenolic in composition and contains three 
different phenols—anacardic acid, cardanol, and cardol. 
Each of these phenols possesses a fifteen-carbon side 
chain having an unsaturation equivalent to about two 
olefinic bonds. 

Large amounts of the shell liquid are brought into 
this country annually for the manufacture of phenol- 
formaldehyde type resins. These resins have unusual 
electrical insulation properties and were used during 
the war in the insulation of fighter aircraft and signal 
corps equipment. The government was concerned 
with the hazards associated with handling the shell 
liquid and its products. Periodically the factory per- 
sonnel, the stevedores, or an airplane mechanic would 
come down with a mysterious case of what looked like 
poison ivy dermatitis. Our investigations with Dr. H. 
Keil revealed that the minor resorcinol component 
cardol was the source of the trouble (8). * 

Of great interest to us during these studies on cashew- 
nut shell liquid was the fact that in cardanol, the mono- 
phenolic and main component, we had available in 
large amounts a.naturally occurring alkenyl phenol 
possessing a C,sH»; side chain—possibly similar to that 
in urushiol and the poison ivy principle. Our early 
experiments with Sletzinger (10) and Izzo (11) using 
the methylated form of cardanol convinced us that it 
was heteroolefinic in make-up. Symes then found 
that it could be cleanly separated into a saturated, 
mono-, di-, and triolefinic component by means of 
chromatography on activated alumina. The struc- 
tures of the olefinic components were then determined 
by ozonolysis and oxidative degradations (12). 

The experiences gained and techniques developed 
using the abundantly-available alkeny] phenols of 
cashew nut shell liquid made possible and attractive a 
reinvestigation of the olefinic character of the poison 


extract 
Poison ivy leaves and os Crude ‘“‘urushiol”’: 
twigs alcohol, methylate, Na 
ete. + CH,I, saponify 
Dimethy] “‘urushiol’’: distill Crude dimethy] ether 
1.5032, 
double bond 170-180° 
value = 2.0 (0.5 mm.) 
2H, on Pd—C 


Dimethylhydrourushiol, m.p. 35 .5-36.5° 


ivy principle. The allergenic properties of the poison 
ivy oil, its marked susceptibility to autoxidation, and 
in particular our previous experience with the chroma- 
tographic separation of the alkeny! phenols of cashew- 
nut shell liquid made it advisable to work with the 
relatively more stable and nontoxic dimethyl ether 
rather than the free catechol. The dimethy] ‘“urush- 
iol,”” obtained as shown below, was essentially free of 
non-“urushiol” contaminants, for on catalytic hydro- 
genation it absorbed approximately two moles of hy- 
drogen and gave practically a quantitative yield of 
pure dimethy! hydrourushiol of sharp melting point. 

The fact that the dimethyl “urushiol” was not a 
homogeneous diolefin became readily apparent when 
it was chromatographed on a column of activated 
alumina (/6). The fractions of oily liquid obtained 
either by fractional elution or by extrusion and section- 
ing of the column showed a parallel increase in double 
bond value and refractive index very similar to that 
observed earlier with the alkenyl phenols of cashew- 
nut shell liquid. Fractions of similar refractive in- 
dices were combined and rechromatographed. In this 
way chromatographically pure samples of a mono- 
olefin, a diolefin, and a triolefin were obtained. The 
saturated component crystallized out of the earliest 
fractions coming from the column, 7. e., those least 
strongly absorbed. Each of the olefinic components 
absorbed the calculated amount of hydrogen on cataly- 
tic reduction to give pure 3-pentadecylveratrole (di- 
methyl hydrourushiol). No fraction with a double 
bond value exceeding 3.0 was obtained from any of the 
chromatograms. 

The crystalline saturated component, present only 
in small amounts in the poison ivy principle (about 5 
per cent), was identified as 3-pentadecylcatechol (hy- 
drourushiol) by comparison of its properties with an 
authentic sample obtained by synthesis—and by the 
hydrogenation of the poison ivy oil. 

The positions of the double bonds in the mono-, di-, 
and triolefinie components were established by Symes 
(6) using ozonolysis and other standard methods of 
oxidative degradation. The structures of the four 
components of the poison ivy principle are: 
| 
| 
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CLINICAL INVESTIGATION 


At the present time very little is known with cer- 
tainty as to how these substances bring about the char- 
acteristic blistering, edema, and irritation or rash. 
Only limited information is available concerning the 
relationship between structure and activity. Regard- 
ing the latter, two types of activity must be differenti- 
ated. An alkenyl phenol may be active in the sense 
that it produces a “poison ivy-like’”’ dermatitis on people 
already sensitive. It may also be active in the sense 
that it induces sensitization in persons not previously 
sensitized. A compound which is active in one sense 
may not necessarily be active (or as active) in the other. 

Dr. Harry Keil conducted clinical work (patch test- 
ing) on humans in regard to the first type of activity. 
i. €., producing the dermatitis on previously sensitized 
individuals. Certain relationships between structure 
and this activity have been elaborated (13, 14). 

1. The activity is dependent on the free phenolic 
groups. Methylation greatly reduces the activity. 

2. The 1,2- and 1,3-dihydric phenols are more active 
than the 1,4- and the monohydric phenols. 

3. The position of the side chain and its length and 
degree of unsaturation are important. 

Very little has been done thus far in this field in cor- 
relating the structure of an alkenyl phenol and its 
ability to induce sensitization in persons not previously 
sensitized. This type of activity is of great interest 
because of its possible relationship to desensitization. 

Until recently, none of the pure olefinic components 
of poison ivy urushiol were available for clinical in- 
vestigation. The phenolic methyl ethers which were 
separated from the natural extract by chromatography 
and used for structural characterization of the olefins 
could not be used clinically because they were inactive. 
Unfortunately, it is not possible to demethylate the 
ethers without destroving the olefinic bonds. For 
this reason, a method of synthesis for each of the com- 
ponents of poison ivy urushiol has been of considerable 
interest. 

Several years ago Wasserman in our laboratories de- 
veloped a satisfactory pathway for the synthesis of 
compounds (15) of this type and made available for 


‘decyleatechol, the saturated component (/6). 
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the first time, by synthesis, pure samples of 3-peuta- 
More 
recently Loev has extended and modified the route of 
synthesis so that it could be successfully applied to the 
synthesis of the mono-olefinic component (1/7). Loey 
also synthesized a number of related compounds for 
clinical investigation. 

Dr. Keil’s clinical investigations with the crystalline 
and relatively stable 3-pentadecyleatechol (PDC) have 
shown that it can be used as a standard agent for the 
diagnosis of poison ivy sensitivity and for investigating 
the relationship between chemical structure and poison 
ivy dermatitis activity (18). He recommended the 
use of PDC in the treatment of poison ivy dermatitis 
and explored its use as a desensitizing agent. 

At the present time clinical work on PDC and a num- 
ber of other compounds synthesized in our laboratories 
is being directed by the Lederle Laboratories Division 
of the American Cyanamid Company, who have sup- 
ported our work for a number of years. In this pro- 
gram, the clinical investigations by Dr. Albert Klig- 
man and his associates at the University of Pennsyl- 
vania, on the use of PDC as a desensitizing agent, have 
produced most interesting and promising results. 
Many individuals who were formerly highly sensitive 
to the poison ivy plant have been successfully desensi- 
tized by a series of injections of PDC. 
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“AToMIc generating capacity will be doubled every four years between 1960 and 1980, according 
to General Electric Co. In 25 years, it was predicted, 23 per cent of all power generating plants 
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To the Editor: 

In your June, 1955, issue on page 38, you published a 
“sales talk” by Ludmilla I. Callaham as advertisement 
for Professor James W. Perry’s excellent text “Chemical 
Russian.” 

The advertiser states: “A surprising number of free- 
lance technical translators available do not have an 
elementary knowledge of chemistry, and their English 
is of even more doubtful quality than their Russian.” 

While an isolated case might perhaps come under the 
fire of this criticism, it seems to me that this statement 
isa rather gratuitous smear and an insult to a number of 
very competent technical translators. I am sure that 
it does not reflect the opinion of the editors of the 
JoURNAL OF CaEMICAL EpvucarTIon. 


GrorGE E. HALPERN 


CAMBRIDGE, MASSACHUSSETTS 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


To the Editor: ' 

The article on numerical integration by J. L. Gidley 
and H. F. Rase in THIs JouRNAL, 32, 535 (1955), passes 
over the simplest method of graphical or numerical 
integration. The authors quite properly point out the 
advantages of data based on even intervals of x, that 
is, on fixed values of Ar. Then the simplest procedure 
is to use the “trapezoid rule.”” One reads the various 
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values of y at intervals of Ax as yo, Yi, Ye, Ys-.-Yn and 
then calculates the value of the integral as (yo/2 + yi: + 
Yo + Ys ..-Yn/2) times Ax. The sum of the y’s is easily 
obtained with an adding machine. The only difference 
between this calculation and that based on Simpson’s 
rule or Weddle’s rule is in the weighting of the y’s. If 
the data are recorded for constant intervals of x (every 
5°C., for example) they do not need to be plotted— 
the y’s are represented by the tabulated data. If the 
intervals recorded for x are not constant, the curve can 
be plotted on millimeter paper and values of y read from 
the plot at the heavy lines (5 or 10 mm. apart). 

For some reason, probably historical, chemists and 
engineers are taught to integrate graphically “by the 
use of a planimeter, by an approximation with trape- 
zoids, or by the method of counting squares.” The 
authors fail to mention “cutting out and weighing’ 
for which they are to be commended. But the other 
methods are also not the best. No one who has used 
a planimeter will recommend it as a precise tool. 
Counting squares is subject to computational errors, in- 
cluding errors in estimation of parts of squares. Ap- 
proximation with trapezoids requires more computa- 
tional steps for the same precision than does applica- 
tion of the trapezoid rule. 

Simpson’s rule is not always more accurate than the 
trapezoid rule. I have used both the trapezo'd rule 
and Simpson’s rule to calculate the entropy of sulfur 
(data of Eastman, E. D., and W. C. McGavock, J. Am. 
Chem. Soc., 59, 145(1937)) both on a C,/T versus T 
and on a C, versus log T plot and have obtained better 
agreement with the trapezoid rule, though both agreed 
well enough. 

I am suggesting that poor methods should not be prop- 
agated when better ones are available. Let Simpson’s 
rule and Weddle’s rule be used where they are better. 
For simplicity or as a first approximation let us teach 
the trapezoid rule. 


L. E. STEINER 
OBERLIN COLLEGE . 
OBERLIN, OHIO 


NEW A. C. &. TEST FOR BRIEF COURSES IN ORGANIC CHEMISTRY 


A new A. C. 8. Cooperative Examination, Form MB, for the brief course in organic chemistry 
has been prepared by the Examinations Committee of the Division of Chemical Education. The 
test, available immediately, contains two parts each of which covers the whole course and has 
equal validity. If both parts are taken, a more thorough sampling is attained and reliability is 
increased. Each part consists of 50 items and requires 50 minutes or a total of 100 items requiring 
100 minutes. This division allows the teacher to use part of the conventional final examination 
period for other questions and yet to compare his students’ accomplishment with a national 
norm. Orders for tests and inquiries regarding them should be addressed to Dr. Theo A. Ashford, 
Department of Chemistry, St. Louis University, St. Louis 4, Missouri. 
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® INTRODUCTION TO CHEMICAL ENGINEERING 


Walter L. Badger, Consulting Engineer, and Julius T. 
Banchero, Associate Professor of Chemical Engineering, Uni- 
versity of Michigan. McGraw-Hill Book Co., Inc., New York, 
1955. ix +753 pp. 418 figs. Tables. 16 X 23.5cm. $9.50. 


ReEcENTLY the near disruption of the comedy team, Dean 
Martin and Jerry Lewis, gave rise to many columns of newspaper 
discussions and much consternation among the younger set. The 
dissolution of the chemical engineering team, W. L. Badger and 
W. L. McCabe, went almost unnoticed until the appearance of 
this new book by Badger and Banchero. 

In 1931 Badger and McCabe published their “Elements of 
Chemical Engineering,” followed in 1936 by the second edition. 
The book was immediately popular and was used widely in the 
chemical engineering unit operations course, usually for instruc- 
tion during the junior year. Theory and practice advanced at a 
rapid rate and the 1936 edition was out of date in many places by 
the end of the war. When both Badger and McCabe left the 
University of Michigan, it appeared that this successful writing 
team would do no more with ‘“Elements.’’ Now it appears that 
each has selected a new coauthor and two new books will be pub- 
lished on unit operations, of which this is the first. 

A comparison of the tables of contents of ‘Elements’ and 
“Introduction” show that exactly the same unit operations are 
covered in both books. There has been a complete rewriting 
and modernization in the new book. The arrangement of chap- 
ters is approximately the same: Introduction, Flow of Fluids, 
Transportation of Fluids, Flow of Heat, Evaporation. The two 
chapters on Distillation and Extraction are moved forward be- 
cause of their similar basis in phase equilibria, and they are fol- 
lowed by the diffusional operations of Humidity and Air Condi- 
tioning, Gas Absorption, Drying, and Crystallization. The minor 
unit operations follow: Filtration, Mixing, Size Separation, 
Crushing and Grinding, and Conveying. 

Because the book is an introductory text it does not attempt 
to cover all phases of each unit operation. In the Flow of Fluids, 
the flow of compressible fluids is not discussed, but fluids of con- 
stant density are covered very well. In Distillation, both the 
Ponchon and the McCabe-Thiele methods are discussed and com- 
pared. Extraction requires the use of phase diagrams and 
graphical methods. Gas Absorption introduces modern coeffi- 
cients of mass transfer and transfer units. The chapters on 
Crystallization, Filtration, and Mixing are based on recently 
published papers, while the book footnotes cite references to the 
important papers from which the material was drawn. 

The illustrations in Badger’s books have always been note- 
worthy, and this book is no exception. Some are the same figures 
used in “Elements” to illustrate principles which have not 
changed; many are new and show new graphical methods and 
equipment designs. All are drawings to illustrate something 
worthwhile; there are no “pictures” of chemical plants or other 
space-fillers. 

Because this is an engineering text it describes equipment in 
terms of engineering construction and operation. Reasons for 
important constructional details are frequently given, as are the 
fields of application of the various types of equipment. 

This book is not an introduction to chemica) engineering. It is 
a textbook in the unit operations of chemical engineering, and to 
use it with ease the student should have been introduced to chemi- 
cal engineering by way of stoichiometry, material balances, 
energy balances, and related physical chemistry. Why not admit 


that the unit operations are a section of chemical engineering, 
rather than give the impression that they are chemical engineer- 
ing? The upsurge of chemical engineering science belies this. 

Badger and Banchero have done an excellent job. Their book 
is worthwhile and certainly is now the best available introduction 
to unit operations that the student has. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


@ = QUANTITATIVE METHODS IN HISTOLOGY AND 
MICROSCOPIC HISTOCHEMISTRY 


Olavi Eranko, in collaboration with Jaako Kihlberg, both of 
the University of Helsinki. Little, Brown and Company, Boston, 
1955. 160 pp. 49figs. 16.5 23.5cm. $5.50. 


Tuts book is not a laboratory manual, but rather a review of 
methods that have interested the author. It is not a textbook, 
but is suited to the advanced worker who may have had some 
qualms about the accuracy of some of his numerical results, or 
who welcomes another selected assortment of abstracts in the 
hope that it may contain something he has missed elsewhere 
Few of the procedures briefly described could be used without 
reference to the original papers cited in the extensive bibli- 
ography. 

Two chapters, and other portions, are the work of the col- 
laborator on statistics. They include discussions of sampling, 
variability, averaging, and distribution, with occasional ex- 
amples from biology. Other chapters deal with animal ex- 
periments, preparation of specimens and measurement of their 
thickness, areal analysis, particle-size determination, photom- 
etry, and optics of some microscopical methods. 


Cc. W. MASON 
CorNneLL UNIVERSITY 
New 


® A TEXT-BOOK OF MACRO AND SEMIMICRO 
QUALITATIVE INORGANIC ANALYSIS 


Arthur I. Vogel, Head of Chemistry Department, Woolwich 
Polytechnic. Fourth edition. Longmans, Green and Co., 
Inc., New York, 1954. xv + 663 pp. 79 figs. 117 tables. 
22.5 X14.5cm. $4.50. 


“Tue text has been exhaustively revised, considerably en- 
larged and completely reset in the present edition.” The first 
140 pages deal with ‘the theoretical basis of qualitative analy- 
sis.”’ The techniques of semimicro analysis are now presented in 
Chapter II. Chapter III deals with the reactions of the cations, 
while Chapter IV presents the reactions of the anions. In 
Chapter V, the author sets aside 24 pages containing an ab- 
breviated course of “systematic macro qualitative inorganic 
analysis for elementary students.’ This is followed in Chapter 
VI with an “introduction to systematic semimicro qualitative 
inorganic analysis.” In Chapter VII, a very thorough “sys- 
tematic qualitative inorganic analysis” is given, based on the 
assumption that the student has familiarized himself with the 
tests and techniques described in the preceding chapters. Chap- 
ter VIII deals with modifications in inorganic analysis neces- 
sitated by the presence of organic acids, silicates, borates, fluo- 
rides, and phosphates. The author is high in his praise of the 
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zirconyl nitrate method for the separation of phosphate. In 
Chapter IX, reactions and tests for compounds of thallium, 
tungsten, molybdenum, gold, platinum, palladium, selenium, 
tellurium, vanadium, beryllium, titanium, zirconium, uranium, 
cerium, and lithium are wisely included. The last chapter deals 
briefly with inorganic paper chromatography. It contains ex- 
perimental procedures for typical group separations of the com- 
mon metals and several miscellaneous separations for some of 
the less common elements. A 14-page appendix contains the 
usual tables of atomic weights, concentrations of reagents and 
test solutions, and special reagents along with four tables of 
buffer solution standards followed by tables of logarithms and 
antilogarithms. 

The text contains too much material for the usual one-semester 
course in qualitative inorganic analysis. If material is selected 
properly the book can serve the elementary student, the more 
advanced student, and the practicing analyst. 

In presenting the ion-electron method of balancing equations, 
the author says: ‘Since nearly all the reactions encountered in 
qualitative analysis are ionic in character, the expression of 
chemical reactions as interaction between the ions is, for many 
reasons, an advantage.’’ However, throughout the text prac- 
tically all the equations are in the molecular form, thus omitting 
ionic equations. In the theoretical section, 27 problems are 
stated and their solutions given. However, the text contains no 
problems for the student to work. 

The author’s aim is “to provide a text-book of macro and 
semimicro qualitative inorganic analysis at moderate cost which 
can be employed by the student continuously throughout his 
study of the subject.’”’ He has done this and done it well. The 
book is worthy of consideration by many teachers who feel that 
inorganic chemistry receives far too little attention in the present- 
day college-chemistry curriculum. 


HORACE E. ROGERS 
DicKINsON COLLEGE 
CARLISLE, PENNSYLVANIA 


® BIOCHEMISTRY: AN INTRODUCTORY TEXTBOOK 


Felix Haurowitz, Professor of Chemistry, Indiana University. 
John Wiley & Sons, Inc., New York, 1955. xvi + 485 pp. Figs. 
and tables. 15.5 xX 23.5cm. $6.75. 


NEAT-MINDED people in many areas of biochemistry but par- 
ticularly those in teaching will be gratified to see this new intro- 
ductory text. As progress in the field has continued with an ac- 
celerating pace, textbooks have also grown until most of them now 
contain from 1200 to 1500 pages. With knowledge accumulating, 
some expansion is, of course, an absolute essential, but much of 
the bloating in current texts could be advantageously avoided by 
condensing discussions and omitting much nonessential material. 
The author’s discernment in carefully selecting his material has 
resulted in a terse and practical book. 


The fact that this is an introductory text might at first sight 
lead one to believe that it presents only the matters of easiest 
comprehension to the exclusion of materials essential for a broad 
grasp of the subject. This is decidedly not the case. The book 
presents the newer theories and the more complex facts from areas 
of late advance which are fundamental to the newer understand- 
ing of the chemical functions of living things. 

The arrangement of material is a refreshing departure from the 
usual treatment. The book opens with a discussion of fundamen- 
tal biochemical principles and especially the mechanisms of enzy- 
matically supported chemical transformations in cellular metab- 
olism. This prepares the student with a dynamic concept of the 
subject from the start that is quite essential in this later day in 
which biochemistry is conceived as a study of continuous meta- 
bolic changes occurring in labile systems rather than as simply 
“the chemistry of natural products.” This introduction is fol- 
lowed by a discussion of carbohydrates, proteins, and lipids from 
the standpoint of their structure, function, and metabolism. Ex- 
cellent chapters follow on porphyrins and their role in life proc- 
sses, mineral metabolism, enzymology, and nutrition. Al- 
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though the text is general in its approach, not emphasizing unduly 
one or another branch of the subject, it favors human and medical 
biochemistry with a closing chapter. Each chapter has a prac- 
tical set of references to more detailed textbook and general review 
material. 

The author says he has designed the text “‘to form the basis of a 
one-semester course in biological chemistry intended for seniors 
and graduate students majoring in bacteriology, botany, chem- 
istry, physiology, and zoology.’”’ It seems to the reviewer that 
many a wise teacher, who would hate to put a 1500-page text in the 
hands of a beginning student lest the sheer bulk discourage him 
with its indigestibility, will find Dr. Haurowitz’s trim new text 
very useful, though by no means simple fare. 


ELIOT F. BEACH 
METROPOLITAN Lire INSURANCE COMPANY 
New York, N. Y. 


ELEMENTARY QUALITATIVE ANALYSIS ON THE 
SMALL SCALE 


Peter Woodward, Lecturer in Inorganic Chemistry, University of 
Bristol. Oxford University Press, London, 1955. vii + 92 pp. 
Tfigs. 14 X 22cm. $2. 


Tue author uses the term “small’’ because of a question of 
semantics; his interpretation appears to be quite reasonable. 
The term “small” is used as a substitute for the ‘‘semimicro” 
now in wide use in qualitative analysis work in this country. 

The book is on a “small” scale, too. The brevity has been 
achieved by the omission of problems and theory. Some brief 
background comments on reactions and some equations are in- 
cluded. The analysis scheme has few unique features. It 
does, however, include separation of Groups IIA and IIB with 
lithium hydroxide, and removal of phosphate with zirconium 
nitrate. 

The appendix contains a proposed course of study, equipment 
list, and two good ‘new technique’ experiments: chromato- 
graphic nickel and cobalt, and ion-exchange phosphate removal. 


HARRY H. BATEY, JR. 
Strate COLLEGE or WASHINGTON 
PuLLMAN, WASHINGTON 


a CALCULATIONS OF ANALYTICAL CHEMISTRY 


L. F. Hamilton, Professor of Analytical Chemistry, and S. G. 
Simpson, Associate Professor of Analytical Chemistry, Massa- 
chusetts Institute of Technology. Fifth edition. McGraw-Hill 
Book Co., Inc., New York, 1954. xii + 340 pp. 16 figs. 12 
tables. 23.5 15.5cm. $5. 


THE appearance of this well known text in a fifth edition is 
ample indication of the worth of the book for students and teach- 
ers in analytical chemistry. The reviewer has long recommended 
that his own students turn to this book when in need of explana- 
tions and a variety of problems. 

Previous editions have been followed in the format and in the 
general arrangement of the discussion and the problems. There 
has been some deletion of the former problems. Expanded or 
rewritten sections include errors, precision measures, titration 
curves, electrodeposition, and titrations involving potentiomet- 
ric, conductometric, and amperometric determination of equiva- 
lence points. New topics include iodate and bromate processes, 
and colorimetric methods. 

The book is recommended for teachers who want a separate 
book for problem work in elementary analytical chemistry, espe- 
cially quantitative analysis. Also, it is valuable to the student 
who needs or wants something of this nature beyond what is to be 
found in the usual text on elementary quantitative analysis. 


M. G. MELLON 


Purpvue UNIVERSITY 
LAFAYETTE, INDIANA 
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@ ADVANCES IN CARBOHYDRATE CHEMISTRY. 
VOLUME IX 


Edited by Melville L. Wolfram. Academic Press, Inc., New 
York, 1954. xviii+ 426pp. Figs. andtables. 15.5 23.5cm. 
$10.50. 


THE present volume in this valuable series maintains the high 
standards set by those preceding. In form it follows the estab- 
lished pattern of international contributions and diversified 
subject matter. 

Carbohydrate specialists will principally be interested in the 
sections: “Some implications in carbohydrate chemistry of 
theories relating to the mechanisms of replacement reactions,” 
by R. V. Lemieux; ‘Alkali sensitive glycosides,” by Clinton E. 
Ballou; ‘The 2-hydroxyglycals,” by Mary Grace Blair; and 
“The methyl ethers of hexuronic acids,” by G. O. Aspinall. Of 
more general biochemical interest are the chapters: ‘The raf- 
finose family of oligosaccharides,’ by Dexter French; and 
“The conjugates of p-glucuronic acid of animal origin,’’ by Robert 
S. Teague. The industrial carbohydrate chemist may find more of 
interest in the sections: “Color and turbidity of sugar products,” 
by R. W. Liggett and Victor R. Deitz; and ‘Carboxymethylcel- 
lulose,’”’ by J. V. Karabinos and Marjorie Hindert. The latter 
chapter, in particular, contains much of interest to those who 
want to know about the special properties of this unusual material 
and the applications in which it proves useful. 

The final section, “Paper chromatography of carbohydrates 
and related compounds,”’ by George N. Kowkabany, is an excel- 
lent summary of the methods employed and the results possible 
with this remarkable technique. Students beginning their study 
of carbohydrates and teachers who want to extend their knowl- 
edge, as well as others who have thought of using chromatog- 
raphy but have never actually done so, will find this chapter 
of great value. 

As an introduction to this volume the editor, M. L. Wolfrom, 
has written an appreciative obituary of Dr. Claude Silbert Hud- 
son who, until his death in 1952, played such a leading role in 
carbohydrate chemistry in America. 

IRWIN B. DOUGLASS 


University oF MAINE 
RONO, MAINE 


2 IONOGRAPHY: ELECTROPHORESIS IN STABI- 
LIZED MEDIA 


H. J. McDonald, Professor of Biochemistry, Stritch School of 
Medicine of Loyola University. In collaboration with R. J. 
Lappe, Loyola University, FE. P. Marbach, University of Chicago, 
R. H. Spitzer, Loyola University, and M. C. Urbin, Corn Prod- 
ucts Refining Co. The Year Book Publishers, Inc., Chicago, 
1955. X + 268 pp. 29 figs. 8 tables. 145 XK 22cm. $6.50. 


IonoGrapnHy, the subject of this monograph, is more widely 
known by diverse, descriptive names such as zone electrophoresis, 
paper electrophoresis, differer’ ~ electrical migration in stabil- 
ized media, electropherogr: and electrochromatography. 
All these terms are currently ed to a particular analytical 
technique that serves for the re: tion of mixtures of solutes by 
differential electrical migration from an initially narrow zone in 
moist porous media like moist paper, moist powders, and gels. 

Ionography not only facilitates the extensive resolution of 
complex mixtures, but it also provides the components without 
chemical change or alteration. These separated components 
form discrete zones in the migration medium where they 
may be located, identified, estimated, or recovered by the pro- 
cedures already perfected for the older, analogous chromatog- 
raphy. 

This differential electrical migration technique is effective with 
all kinds of soluble or dispersible charged substances, ranging 
from the smallest inorganic ions (like lithium) to the largest 
colloidal particles (like proteins). This method is also useful 
with nonionized substances that can be converted into ionized 
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complexes in solution; for example, the sugar-borate complexes, 
It is, therefore, an effective analytical tool in many branches of 
science, particularly in chemistry, physics, biology, and medicine. 

The apparatus and procedure required for practical separa- 
tions are remarkably simple. As an example, a strip of paper 
moistened with a background electrolytic solution is placed 
across a glass plate, the ends of the strip dipping into separate 
vessels containing the electrolytic solution and platinum or 
graphite electrodes. A small drop of the solution of the mixture 
is placed in the center of the moist strip, which is then covered 
with another glass or plastic plate, and d.-c. potential is applied 
to the electrodes. After a suitable time varying from one to 4 
dozen or more hours, the d.-c. potential is disconnected, and the 
zones of the constituents of the mixture are located by suitable 
nuclear, physical, chemical, or biological tests. 

Less than a decade ago this separatory technique was in its 
infancy. Now there are hundreds of articles dealing with this 
new subject and its applications. Some 670 of these publications 
are cited in the bibliography of this new book. 

This book treats the historical development, the apparatus and 
nomenclature, the methods and procedures, the mobility of the 
migrating substances, and numerous applications to various 
materials like proteins, lipoproteins, amino acids, carbohydrates, 
enzymes, hormones, vitamins, and inorganic substances. It is 
the most comprehensive treatment of the subject that is now 
available, and it is an indispensable guide for everyone who is 
interested in the resolution of mixtures. 


HAROLD H. STRAIN 
ARGONNE NATIONAL LABORATORY 
LEMONT, {LLINOIS 


e LEHRBUCH DER ORGANISCHEN CHEMIE. 
BAND I, ZWEITE HALFTE 


Friedrich Klages, Professor of Organic Chemistry, University 
of Munich. Walter de Gruyter & Co., Berlin, 1953. xv + 453 
pp. 6figs. l6tables. 17.5 24.5cm. DM62. 


Tue first “half volume” of this series has already been reviewed 
in THIS JOURNAL, 32, 293 (1955). In this new part of the work the 
author and publisher continue in highly competent fashion to 
present major topics of standard systematic organic chemistry 
in the unified scheme whereby aliphatic, aromatic, and hetero 
cyclic compounds and reactions are fused. Following major 
sections of the book devoted to nitrogen and sulfur compounds 
there appear representative discussions of special elements from 
selenium to chromium, together with a discussion of free radicals. 
Next is presented a comprehensive treatise on cyclic compounds, 
with homo- as well as hetero- types intermingled and correlated 
as usual. A final chapter consists of a special discussion of four 
general reaction types: oxidation, reduction, carbon condenss- 
tion, and degradation. 

As already noted in Volume I-1, the author does not include 
any appreciable amount of the so-called “modern theory,” oF 
physical-organic chemistry, in his discussions of standard types 
of compound or reaction. Such theory is assigned to a succeed- 
ing volume. This does not mean omission of chemical principles, 
however. Neither does it mean that the ‘“Lehrbuch” is a mere 
abbreviation of Beilstein. Organic compounds are selected for 
their usefulness in explaining organic chemistry, not bec:use 
they may happen to be responsible for ten-million-dollar indus 
tries. For example, little or no attention is devoted to a toluidine 
or 1-nitropropane. 

Designed for the European “‘doctorant”’ in chemistry, this work 
certainly presents classical organic chemistry, as thoroughly 
up to date as one might reasonably demand for a professional 
chemist of present-day type. It will now be interesting’ to see 
how “Volume II: Theory” will suit the Anglo-American physi 


cal-organic enthusiasts. 
é G. ROSS ROBERTSON 

UNIVERSITY OF CALIFORNIA 

Los ANGELES, CALIFORNIA 
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15. BORON AND SILICON’ 


A. BORON 


Exhibit: boron, B.O;, borax, boric acid 
kernite, colemanite. For boron glasses see 
Demonstrations 15-14 to 15-24. 

Methyl orange indicator, conc. HCl, 50 g. 
borax, 400 ml. beaker half-full of water over 
burner, stirring rod. Dissolve the borax, 
add a few drops of methyl orange indicator, 
then add HCl until the indicator changes 
color. Cool. Crystals of boric acid (ortho- 
boric, boracic acid, H;BO;) separate out. 
Tumeric test. Tumeric paper, NaOH-aq., 
boric acid-aq., test tube half-full of water, 
burner. Dip tumeric paper in boric acid and 
dry by wrapping around upper part of test 
tube and boiling the water: paper turns 
reddish brown. Moisten with NaOH-aq.: 
paper darkens. 

Flame test. Borax; 100 ml. ethanol in 500 
ml. Erlenmeyer flask, with rubber stopper 
carrying Bunsen burner wing tip, set over 
burner. Add 1 g. borax, heat the ethanol to 
boiling. Darken room. Ignite (care) the 
alcohol vapors at the wing tip: green flame 
due to burning of vaporized (C.H;);BO;. 
Borax beads. Borax, burner, Pt wire on 
glass rod, MnOz, CoCh, Fe(NOs)2, NiCle. 
Heat a crystal of borax in Pt wire loop to 
form glassy bead. Dip into CoCl,; return 
to flame: a cobalt-blue bead results. Fe 
gives green in reducing flame, brown in 
oxidizing flame; Ni gives grey to green; 
Mn gives pink bead. 


B. SILICON 

Occurrence 

Exhibit: silicates, including mica and as- 
bestos; silicon alloys, ferrosilicon; forms of 
silica such as agate, quartz, sand, and 


diatomaceous earth; silica gel in salt-shaker 
cap, tinted blue with CoCl, to show salt is 
d 


ry. 
Exhibit: silicate models. See W. K. Noyce, 
J. Chem. Educ., 28, 29-31(1951) for various 
molecular models of silicate structures. 


Compounds and Uses 


Silica gel. Cone. HCl, 200 ml. sodium 
silicate + 200 ml. water, two 400 ml. beakers, 
stirring rod. Pour silicate into HCl: no 
precipitate forms. Pour HCl into silicate: 
a snowball of silica gel forms. Remove from 
beaker, press into a snowball (But danger: 
do not handle carelessly, remember it is 
soaked with HCl). 
Silicides. Calcium silicide, 250 ml. beaker 
half-full of HCl-aq. Throw pieces of silicide 
into the acid: SiH, gas forms, rises to the 
surface of the acid, and ignites spontane- 
ously when it reaches the air. 
Silicate garden. A 600 ml. beaker containing 
100 ml. sodium silicate + 400 ml. water + a 
thin layer of sand. Salts of Co, Cu, Pb, Fe, 
Ni, Mn, Ca. Drop in crystals. In minutes 
a ‘“Chemist’s Garden’? begins to grow, 
forming beautiful colored silicates. 

15-11 Egg preservative. Cover 4 eggs in an 800 ml. 


15-6 
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beaker with a mixture of 200 ml. water- 
glass + 200 ml. water. Let stand a month. 
Show that white calcium silicate has formed 
from reaction of the egg-shell ingredients 
and the silicate. 

15-12 Siccative. Water-glass, tin can, 4 x 20’ 
sheet of asbestos paper, burner. Wrap 
paper around can, moistening the paper with 
water-glass as youdoso. Heat with burner, 
showing method used for making insulating 
coating for electric furnaces in research. 

*15-13 Silicate ion exchange. Two 250 ml. glass- 

. stoppered cylinders, soap solution, a glass 
tubing 1.5 X 50 cms. provided with an 8 mm. 

tube exit at the bottom and a stopper with 

8 mm. tube exit at the top, clamped upright. 

Fill tube with an alumino-silicate cation 
exchange, such as a zeolite. About 500 ml. 


Turn the page for additional demonstrations 


\ 
/ 


*Footnotes 
Methanol will not work, since its borate is not suffi- 
ciently volatile. The experiment is very dramatic. 
It can also be carried out by putting 5 g. of borax in 
200 ml. ethanol in a metal baking pan and igniting the 
alcohol. 

15-10 To preserve the Chemist’s Garden, after the silicate is 
fully grown, gently siphon off the silicate solution and 
replace with clear water. 

15-13 ( 1 Soap solution. Dissolve 30 g. Castile soap shavings 
in a liter of water. Let stand. Decant and use the 
clear supernatant liquid. (b) Zeolite is obtainable 
from The Permutit Co., 330 West 42nd St., New York 
18, N. Y. (c) Preparing the zeolite for use: ‘Back- 
wash”, as is done commercially, by flushing 2 liters of 
clear water from a container elevated above the zeolite 
tube backwards up through the zeolite at a rate suffi- 
cient to raise the zeolite particles slightly, so that the 
volume of zeolite in the tube seems to increase. Then 
“regenerate’”’ the ion exchange material by allowing 
200 ml. of 10% NaCl solution to flow downwards 
through the column at such a speed, regulated by a 
pinch-cock, that it takes 15 minutes for the salt 
solution to pass. Follow this with a clear water rinse 
until the effluent no longer tastes salty; at this point 
the water will give suds when shaken with a few drops 
of soapy water. (d) Preparing hard water: if the 
local water is too soft, add a gram or so of calcium 
chloride to 500 ml. of the water to simulate hardness, 
(e) Resin ion exchange demonstrations will be de- 
scribed in Topic 23. (f) The ring on the bathtub is due 
of course to insoluble soaps of Ca and Mg, not dirt. 

15-26 The organo-halogen silanes form a stable non-volatile 
water repellent layer on the surface of the filter paper. 
This and succeeding experiments with them were first 
suggested by Francis r Norton, J. Chem. Educ., 25, 


Labels for Topic 15. (For code, see instructions for assem- 
bling kits, J. Chem. Educ., 32, 12A(1955)). _15-2-d-methyl 
orange indicator, 15-2-J-borax, 15-3-N-H;BO;-aq., 15-3-J/- 
tumeric paper, 15-3-d-NaOQH-aq., 15-14-w-borax, 15-4-N- 
ethanol, 15-4-N-ethanol, 15-5-w-borax, 15-5-J-Pt wire on rod, 
15-5-w-MnO., 15-5-w-CoCh, 15-5-w-Fe(NOs3)s, 15-5-w-NiCl., 
15-8-J-sodium silicate, 15-8-J-sodium silicate, 15-9-w-calcium 
silicide, 15-10-J-sodium silicate, 15-10-w-CoCl, 15-10-w- 
CuSO, 15-10-w-Fe(NOs)s, 15-10-w-MnS0O,, 15-10-w-Pb(OAc)s, 
15-10-w-NiCl, 15-10-w-CaCl, 15-10-J-sand, 15-11-J-sodium 
silicate, 15-11-J-sodium silicate, 15-12-J-sodium silicate, 15- 
12-J-sodium silicate, 15-12-J-roll asbestos paper, 15-13-d-soap 
solution, 15-18-J-Prince Rupert Drops, 15-19-N-trichloro- 
ethylene, 15-23-d-phenolphthalein indicator, 15-24-w-CaF», 
15-24-J-wax, 15-25-J-bouncing putty, 15-26-d-chlorosilanes, 
16-26-d-water, 15-27-d-chlorosilanes, 15-28-N-NH,OH, 15- 
28-d-chlorosilanes, 15-28-d-blue ink, 15-28-d-Oil Red in tolu- 
ene, 15-28-N-toluene, 15-28-N-toluene, 15-28-N-toluene, 15- 
28-N-toluene. 


+ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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15-19 
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hard water. Pour half of the water slowly 
through the zeolite; allow effluent to flow 
into one cylinder. Fill other cylinder with 
an equal amount of hard water. Titrate the 
two liquids by adding soapy water dropwise, 
shaking momentarily between additions, to 
determine how many drops of soapy water 
are required before permanent suds form in 
the cylinder. Also point out that Ca++ and 
Mg**+ in hard water form insoluble scums, 
whereas the Na* left in the softened water 
after passage through the zeolite, does not. 


Glasses 


Types. Exhibit: Pyrex brand _ glasses, 
soft glass, lead glass, quartz glass, manufac- 
tured glass articles. 

Polaroid glass. See: Suggestions for the use 
of Polaroid light controls in the classroom and 
laboratory, the Polaroid Corporation, 730 
Main St., Cambridge, Mass. 

Safety glass. Hammer, 6x6” piece of safety 
glass, roll of Butacite plastic. Demonstrate 
non-splintering character of safety glass. 
Tempered glass. A 6 x 12” piece of tem- 
pered glass bridging two bricks; 2-lb. iron 
ball. Drop ball from height of 4 ft., showing 
glass will not shatter. 

Prince Rupert Drops. Hammer, projection 
lantern with Polaroid filters, Prince Rupert 
Drops. Show strains in the Drops by lan- 
tern projection through polarized light. 
Show hammering the body of the Drop will 
not break it. Break off tip: Drop shatters 
into glass powder. 

Index of refraction. One-foot lengths of tub- 
ing of soft and Pyrex brand glass, quartz 
tubing, one-liter beaker half-full of trichloro- 
ethylene. Show that when viewed edge- 
wise, Pyrex brand glass appears pale green, 
where as soft glass appears darker. Show 
that Pyrex brand tubing immersed in tri- 
chloroethylene becomes invisible, whereas 
soft and quartz glass remain clearly visible. 
Glass working. Some 7 mm. glass tubing; 
table and hand blow-torches, tanks of oxygen 
and hydrogen, rubber tubing, small corks 
and clamps for glassworking, triangular file. 
Demonstrate cutting glass tubing, sealing 
two pieces together, blowing bulbs, making 
a glass T. 

Heat resistance. Tubing of quartz, Pyrex 
brand glass, and soft glass; a 1 liter beaker 
of cold water, burner. Heat the tubing red 
hot, then plunge at once into cold water: 
the quartz is unaffected, whereas the other 
glasses shatter. 

Glass gun. Burner, 30 cm. length of 8 mm. 
soft glass. Blow bulb on end of tubing, then 
heat and collapse it. Reheat, and then 
suddenly blow into it: a kidney-shaped 
bulb will form and burst with a loud noise, 
with flakes of glass showing Newton’s rings 
of color. 

Solubility of glasses. Two 2-liter flasks half- 
filled with distilled water, stoppers for flasks, 
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two large mortars and pestles, phenol- 
phthalein indicator, two 1-ft. lengths of soft, 
and of Pyrex brand 6 mm. glass tubing; 
towel. Protecting hand with towel, grind up 
and finely powder the glass tubing, and pour 
into separate flasks. Stopper, shake each 
thoroughly for one minute. Now add five 
drops of indicator solution to each: only the 
soft glass will have dissolved sufficiently to 
color the indicator pink. 

Etching glass. CaF:2, cone. H,SO,, 15-cm. 
clock-glass coated with wax, 10 cm. lead dish, 
file, burner on tripod. Using the point of the 
file, scratch a design in the wax. Add 2 g. 
CaF, to the dish, and just cover with conc. 
acid. Warm gently if necessary. (Do not 
breath vapors.) HF gas forms and etches 
the exposed glass. Wash glass in hot run- 
ning water to melt the wax, leaving the 
clock-glass with an etched design. 


Silicones 


15-25 Bouncing putty. Demonstrate peculiar physi- 


*15-26 


*15-27 


*15-28 


Next month's Tested Demonstrations in General Chemistry 
16. CARBON AND ITS INORGANIC COMPOUNDS 
For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9(1955) 


cal properties of “‘silly putty’’. 
Water repellent paper. Filter paper, 25 ml. 
chlorosilane mixture in a 250 ml. wide- 
mouth bottle. Let mixture stand five min- 
utes so that vapor fills the bottle. Now 
lower a piece of paper momentarily into the 
vapors. Place the treated paper on a glass 
plate alongside of a piece of untreated paper. 
Upon each paper place a few drops of water: 
it is absorbed by the untreated paper, but 
remains as spheroidal drops on the treated 
aper. 
Diffusion through paper. A liter beaker of 
water, 11 cm. filter paper, 25 ml. mixed 
chlorosilanes in a 250 ml. wide-mouth bottle. 
Place a pile of 20 pieces of filter paper over 
the mouth of the bottle; let stand 10 min- 
utes. Then dip the papers successively into 
the water, beginning with the bottom one: 
show that the chlorosilane has diffused 
through some of the lower papers and has 
rendered them water-repellent. 
Selective wetting. NH,OH-aq., blue ink, oil- 
soluble red dye (e.g., Oil Red), toluene, four 
500 ml. cylinders, filter paper, 2 funnels, two 
600 ml. beakers, 250 ml. wide-mouth bottle 
containing 25 ml. chlorosilane mixture. Add 
a few drops of ink to 400 ml. water to color it 
blue. Add a trace of the red dye to 400 ml. 
toluene to color it red. Hang filter papers 
for 10 minutes completely in chlorosilane 
vapor, then remove and neutralize any ex- 
cess acid by suspending them in ammonia 
vapor for a minute. Place the untreated 
paper in a funnel set on an empty cylinder. 
Similarly place a piece of treated paper in a 
funnel set on another cylinder. In each of 
the remaining two cylinders pour 200 ml. red 
solution + 200 ml. blue solution. Simul- 
taneously pour the toluene-water mixtures 
through the two funnels. Water wets and 
runs through the untreated paper, toluene 
through the treated paper. 
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VENTED-EXHAUST IS NOW AVAILABLE 


on The Welch (Model 1402) 
TWO-STAGE DUO-SEAL VACUUM PUMP 


at no increase in price... 


* Vented Exhaust Permits 


Pumping of Most 
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* Eliminates Use of Traps 
or Oil Separators in 
Systems Containing 
Water or Other 
Condensables 


* Reduces Number of 
Oil Changes Required 


Illustration shows the 1402B 
Duo-Seal Pump equipped with 
Vented Exhaust. 


NO. 1402-8 PATENT PENDING 


GUARANTEED VACUUM—with vent closed PUMPING SPEED Me 
-1 micron. When the vent is open, only 

slightly higher ultimate pressures result— appara’ 

usually in the range of 1 micron. 110 L/M 1001/8 
FREE AIR CAPACITY—140 liters/minute (5 100 microus 100 L/M 92 L/M 

cubic feet) 10 microns 92 L/M 68 L/M Wit 

1 micron 76 L/M 28 L/M and co 

Blue 


1402. DUO-SEAL VACUUM PUMP, un- 
mounted. With pulley, but without motor, 
belt, or base Each, $225.00 


1402C. DUO-SEAL VACUUM PUMP, Motor 
Driven. For 230 Volts, 60 Cycles, A.C. 
Each, $295.00 


1402D. DUO-SEAL VACUUM PUMP, Motor 
Driven. For 115 Volts, D.C. Each, $349.50 


For attached Belt Guard, add $15.00 to above prices 
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1402B. DUO-SEAL VACUUM, Motor Driven. 
For 115 Volts, 60 Cycles A.C. Each, $295.00 


For attached Belt Guard, add $15.00 to above prices 


VENTED EXHAUST IS AVAILABLE ON ALL TWO-STAGE DUO-SEAL PUMPS 


Write for our Complete Catalog listing 
Duo-Seal Pumps and Vacuum Accessories 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific instruments and Laboratory Apparatus 
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too-small stopper hole has long been some- 
thing of a safety problem. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


our firm or Institu- 


PARATUS AND EQUIPMENT 


A new compact single-channel pulse 
eight analyzer, designed to count a 
ecific isotope exclusively or to simplify 
e use of two or more isotopes used in a 
ingle experiment, is announced by NRD 
nstrument Co., 6429 Etzel Ave., St. 
ouis 14, Missouri. 


A laboratory-type centrifugal molecular 
till now available from Consolidated 
Yacuum Division, Consolidated Electro- 
lynamics Corp., 300 N. Sierra Madre 
illa, Pasadena 15, California, offers the 
nly means of separating heat-sensitive 
iaterials of high molecular weights up to 
200. 

Any material that is non-corrosive, 
hat can be liquefied without molecular 
hange, and possesses a molecular weight 
rom 250 to 1200 is easily separated. 
Jtilizing centrifugal ‘action under high- 
vacuum conditions, this versatile still 
nsures lower thermal hazard to the dis- 
illate than any other accepted distilla- 
ion technique. 

Designated the CMS-5, this unit is the 
first of a series of high-vacuum distillation 
apparatus to be manufactured by Con- 
olidated Vacuum Division under a licens- 
ng agreement with Eastman Kodak Co. 


With actual control point to +0.025°C. 
and complete uniformity to +0.05°C., 
lue M’s new fast setting Magni-Whirl 
tility Water Bath has quick set mercury 
hermoregulator and sensitive thyratron 
electronic relay. Temperature Range: 
Room to 100°C. Available from the 
Blue M Electric Co., 138th & Chatham 
St., Blue Island, Illinois. 


> The Model 1810 Radiation Analyzer 
recently announced by the Nuclear In- 
strument and Chemical Corporation, 229 
W. Erie St., Chicago 10, Illinois, is used 
with a scaler or rate-meter and scintilla- 
tion counter to make possible more 
precise measurements of gamma emitting 
radioactive samples. An adjustable “win- 
dow” on the Analyzer may be set so that 
only those pulses that fall within a pre- 
selected portion of the isotope’s energy 
spectrum are counted, thus virtually 
tliminating background and_ scattered 
tadiation from the final count. In addi- 
tion, the unit permits multiple tagging 
Meisurements and radioisotope energy 
analysis. 


> With the new line of Fisher Safety 
Rubber Stoppers, thermometers, glassware, 
and tubing go in as easy as pie. This 
should be especially welcome news to 


The larger holes are available in one- 
hole stoppers and in two-hole stoppers, 
in sizes 0, 1, 2, 3, 4, 5, 51/2, 6, 61/2 and 
7. (Sizes 0 and 1 have 4.5-mm holes; 
the rest have 5.8-6.0-mm holes. ) 

Another news note in this field are the 
Fisher Sulfur-Free Blue stoppers colored 
for identification. They are so com- 
pounded and vulcanized that they cannot 
evolve free sulfur when used. 


> Electronic pH Meter Tester Model 25 
is a compact, inexpensive instrument for 
quick and easy checking of the proper 
performance of all types of electronic pH 
meters. 

With the growing recognition of the 
significance of pH tests, electronic pH 
meters are used more and more extensively 
in laboratory and production control 
work. However, the large-scale use of 
pH meters has always been hampered by 
the fact that difficulties encountered in 
pH measurements are rather difficult to 
trace and to overcome. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


schools and universities, where the slightly- 


For full particulars call 
your Laboratory Furni- 
ture Dealer... or write 
direct for Catalog L-8. 


CHEMICAL 
CERAMICS 
DIVISION 


LET'S TALK 


Scouring and honing are things of the 
past .. . when you install “U.S.” Chemical 
Porcelain Laboratory Sinks. These 
attractive blue-grey sinks have rounded 
corners inside and out and are completely 
non-absorbent, hence non-staining — as 
easy to clean as a porcelain dish. The 
glass-smooth, glazed finish is an integral 
part of the solid porcelain body — won’t 
chip or peel and has virtually universal 
corrosion resistance. Hospital, Biological 
and similar laboratories appreciate 

these superior sanitary qualities .. . 
and buy more “U.S.” Chemical Porcelain 
Laboratory Sinks than any other kind! 


Although the finest sinks available 
anywhere, they cost less . . . because 
modern production methods enable us to 
quantity produce them. And they are 
stocked in a wide range of standard types 
and sizes for quick delivery. We make 
special sinks too, and lots of them, but 
in the majority of cases there is a “U.S.” 
Chemical Porcelain Sink in a standard 
size that meets all requirements . . . 
saving the buyer time, money and 
inconvenience 
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. » » made easy! 


Rinco Rotating 
Vacuum-Type Evaporator 


Speed evaporation of solvents of low volatil- K lab No 69730 echni 
ity four or five times—varying with solvents. y . wer 


$ 4 95 requen 
Adaptable for volumes of 1 ml to 500 ml. Utilizes the rice @ ea. premen 


principle of the spreading out of a thin film over large area parts 1 
and subjecting to negative pressure. Can be used in single pethod 
or multiple units. At 20°C, 30 ml of water will be evaporated This new Laboratory Fountain An 

in 30 minutes. Especially useful with biological extracts or Pen is a precision instrument that ‘readin 
heat-sensitive compounds; will operate faster with increased writes clearly and easily on labora- s now 
temperature, if sample permits. Consists of a monel metal tory pcan A such as plastic, glass, pnd DI 
shaft with a $ 19/38 joint at lower end. Shaft rotates on metal, cellophane, wood and porce- Sper 
oilite bronze bearings; Teflon ring seals; monel metal hous- lain. Conveniently filled direct from Aone 


ing. Use with standard pump and trap, or standard aspirator. ink container . . . no messy dropper “oe 


Fl 3 he me 
asks rotate at 93 r.p.m. required. a of standard fountain he lig 
u 


39474—Rinco Rotating Vacuum-Type Evaporator, with pen size, the pen is lly guaranteed when used plotted 
19/38 joint to accommodate small flasks, such as 50 ml; with inks offered by the manufacturer. nigrati 
with induction type motor; for 115 v., 60 cycles, A.C. Inks are free flowing, non-spreadin , water hualita 
$114.50 and soap-proof . . . resistant to alcohol, alkali, ms 


39475—Rinco Evaporator, with brush-type motor. . $96.50 acids and oils. Colors are non-fading and of 7 


80820D— Adapter, “Pyrex” Brand, for adapting 19/38 joint permanency. May be ordered as omme 

of Rinco Evaporator to larger flasks, having a § 24/40 listed below: nch ¥ 

joint, each $1.83 
ITEM NYLAB NO. SIZE PRICE 


New Rinco “‘Solvent Recovery Condenser”’ BRasy hi 


Valuable accessory to Rinco Evaporator. Connects to flask Red 69733 3/4 02. j $.30 a. For 
of Rinco Evaporator with standard taper ground glass joints. Black 69734 3/4 07. j -30 a. — 
Rotates with evaporating flask. Recovers in excess of 75% 3/4 o2. | ea. “ond 
of solvent. Increases speed of evaporation 2 to 3 times. cue se yee. = es 
Easy to cool with cold water or ice. Protects vacuum pump E. | 

New | 


and system from corrosive solvents. 


39477—Solvent Recovery Condenser, standard size, 1000 For all your laboratory needs, write for our fog 
ml, with 500 ml working capacity, § 24/40 ground glass catalog on company letterhead. . = § 
joints, (Other sizes available on request) Each. . . .$16.00 ‘hero 
Rigned 
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LOS ANGELES SAN FRANCISCO PHOENIX SEATTLE prinls 


DENVER ¢ MINNEAPOLIS e KANSAS CITY ¢ DALLAS 
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Editor's Gasket 


With this new Tester, even an un- 

! rained operator can find out whether the 
H meter itself is to blame and, if so, 
vhere the difficulty lies. Contact Photo- 
olt Corp., 95 Madison Ave., New York 
oN. Y. 


Two package sodium dispersion units 
ave been placed on the market by the 
owles Dissolver Co., Cayuga, New York. 
e announcement has been made jointly 
y both Morehouse Cowles, Inc., Los 
Angeles 65, California, and U. S. In- 
ustrial Chemicals Co., Division of 
Yational Distillers Products Corp., 99 
Park Ave., New York 16, N. Y. Both 
odels, the 1000-2000-ml laboratory 
nit and the 3-7-gallon pilot unit, have 
been designed jointly by Cowles and the 
§.I. Research Department. 


A high-precision gaussmeter for rapid 
neasurement of magnetic field strength 
as been announced by Nuclear Mag- 
etics Corp. of Boston, Massachusetts, 
subsidiary of the Perkin-Elmer Corp. 
The instrument utilizes the principles 
bf nuclear magnetic resonance. This 
echnique reduces the difficult problem of 
measuring magnetic fields to the more 
precise and easier problem of radio- 
requency measurement. Absolute meas- 
irements with accuracies as high as ten 
parts in a million can be obtained by this 
method. 


An attachment making possible the 
‘reading’ of paper electrophoresis strips 
s now available for Beckman Model B 
pnd DU Spectrophotometers. 

Called the Chromatogram Attachment, 
he new device fits into the sample com- 
partment of the instrument and provides 
he means of driving a paper strip past 


tain he light souree—so that a curve can be 
used plotted showing density versus distance of 

migration. The paper strip itself gives a 
ater hualitative analysis and by using it with 
cali, he spectrophotometer a quantitative 
lof easurement of each fraction is achieved. 


The Chromatogram Attachment ac- 

ommodates paper or film strips up to one 

nch wide. The paper may be oiled if 
—fesired, to make it more translucent. 
RICE Short strips may be pasted together for 
pasy handling. 


1 as 


30 ea. For further information write the Beck- 
30 ea. man Division, Beckman Instruments, 
30 ea. ne., Fullerton, California, and ask for 
30 ea. Beckman Bulletin No. 17. ' 


E. Machlett & Son, 220 E. 23rd St., 
New York 10, N. Y., has announced a 
ounterpart to their popular 23,000 
and 45,000 r.p.m. top drive laboratory 
Homogenizers. The new unit—called 
‘Aero-Seal Chemixer’’—is specifically de- 
signed for the rapid mixing of chemicals 
in pilot plant scale procedures. 

Driven by a sturdy !/j h.p., 110 volt 
a-c. motor, the new mixer produces speeds 
from 100 to 10,000 r.p.m. and efficiently 
handles between 100 ml. to 4 liters of ma- 
trials by utilizing the appropriate con- 


(Continued on p. 36) 
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Excellent Sensitivity and Delicacy of Control 
Levels and Adjusts Easily and Swiftly 


The Welch CATHETOMETER 


@ Vertical range 100 cm 

@ Vernier reading to 0.05 mm 

®@ Working distance 45 cm to infinity 

@ Magnification 12x at 45 cm—8 x at infinity 
@ Level sensitive to 50 seconds 


This Cathetometer is intended for measurements and ob- 
servations in both industrial and educational laboratories 
wherever an inexpensive instrument of good precision is 
needed. It is rigidly constructed and every essential ad- 
justment can be made simply and positively. 


The telescope is mounted horizontally on a carriage which 
may be moved up or down or around the 30-mm vertical 
rod. A tangent-screw adjustment permits precise leveling 
and a sensitive elevation adjustment is incorporated in the 
carriage. An auxiliary levei in the base greatly acceler- 
ates the leveling process. 

No. 68A—Each $196.50 


Full-length Plastic Cover and Set of Instructions included. 
Write for descriptive circular. 


W. M. WELCH SCIENTIFIC COMPANY 
Division of W. M. Welch Manufacturing Company 
1800 
1515 Sedgwick Dept. D-i, CHICAGO 10, ILL., U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


The ORIGINAL 
Superspeed Angle Centrifuge 


It takes pioneering ‘‘know-how™ 
to produce operating quality that 
sets trade standards. That is why 
leading laboratories and research- 
ers select the SERVALL SS-1, 
the ORIGINAL Superspeed 
Angle Centrifuge. 


e CAPACITY: Precision- machined, ano- 
dized duralumin rotor accomodates eight 
50-ml tubes at a 35° angle in separately 
numbered compartments. Accessory adapt- 
ers available for 15-ml, 10-ml, and 5-ml 


tubes. Type SS-1A, same as SS-1 but with water- 
cooled bearing assembly for extra heavy 


e ECONOMY: Economical operation isa — duty. 
dividend on low initial cost. 


e PERFORMANCE: Speeds up to 15,500- 
m exert 31,000 x G. Voltage-adjuster 
allows continuously-variable speeds. 


e VERSATILITY: Less than 14” high — 
can be operated on a small table, inside 
refrigerator, deep-freeze, cold room. Rotor 
easily adapted for use in SERVALL RE- 
FRIGERATED CENTRIFUGE. 


SERVALL SS-1 and SS-1A Angle Centri- 
fuges have built, maintained, and are adding 
to their international reputation as “‘the 
work-horses of the modern laboratory.” 


Sorwall, Inc. 


P. O. BOX 230, NORWALK, CONNECTICUT 


Please mention CHEMICAL EDUCATION when writing to advertisers 


e SAFETY: Dynamic balancing with self- 
centering, no-thrust drive—Originated by 
SERVALL — promotes smoothness, long 
bearing-life, and rapid sedimentation. 


Write for Bulletin CE-31 
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OUT OF THE 
Editor's Gasket 
tainer. Six Pyrex containers of varying 


capacity—all deep fluted—are available. 


> Phoenix Precision Instrument Co., 
3803-05 N. Fifth St., Philadelphia 40, 
Pennsylvania, announces the new Brice- 
Phoenix Universal F000 Series Light 
Scattering Photometer. A versatile in- 
strument especially designed for the meas- 
urement of micro-scattering, micro-fluores- 
cence, micro-luminescence, and very low 
transmittance and reflectance of dark 
materials. This photometer is a com- 
plete self-contained instrument for meas- 
uring the absolute turbidity, dissymmetry, 
and depolarization of dilute solutions of 


high molecular weight compounds. 
Weight-average molecular weights can 
be determined from these data and from 
refractive index measurements by use of 
the theory developed by Debye and others. 


> A new large size, automatically con- 
trolled Muffle Furnace for continuous 
operation to 1850°F. has been announced 
by Hevi Duty Electric Co., Milwaukee 1, 
Wisconsin. 

This modern styled furnace is a com- 
plete self-contained, compact unit with 
all the necessary temperature indicating 
and accurate control devices located in 
the pyramid type furnace base. Power 
input is controlled by a 36 step tap- 
changing transformer; this along with the 
controlling pyrometer assures very close 
temperature regulation. 


p> Fisher Scientific Co., 711 Forbes St., 


givee you ig Lj 


Mer 


INC. 
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61-63 CORNELISON AVE., JERSEY CITY 4, Nv. J. 


Yes, we’re bragging—and understandably so; 
because we back our elaim with the uncondi- 
tional guarantee that if ALCOJET is not the 
finest machine detergent you have ever used, 
please return the empty box for a full 

cash refund. 

If you use a machine washer to clean 
laboratory glassware, Porcelain, Metal or 
Plastic equipment use ALCOJET, the detergent 
specifically designed to prevent streaking, 
spotting or film residues. 

ALCOJET is made by the manufacturers of 
ALCONOX, the world’s leading hospital 

and laboratory detergent for hand washing. 
Order from your regular Alconox supplier or 
write direct to Department M for free sample 
and additional information. 
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Pittsburgh, Pennsylvania, announce 
“Dispos-It’’ « no-deposit, non-returnable 
acid case and bottles for ammonium hy- 
droxide, glacial acetic acid, hydrochloric 
acid and sulfuric acid. 

The same company has also a superior 
diluent for the stabilized Karl Fischer Chew: 
reagent which is now widely usec for 2 
moisture determinations by titration, 
This diluent gives the reagent excellent J bookle 
shelf life. guide 
agents 


> Now for the first time a new laboratory 
lamp employing 12 imported bulbs for 
work throughout the spectrum is avail- 


@ 
and F 


able. The twelve bulbs, cadmium, cae. labora 
sium, melium, mercury, mercury-cadmium, § center 
potassium, sodium, neon, rubidium, thal. radiva 
sectiol 
types 
tory. 
units, 
units 
with a 
Cop 
by wri 
Equip 
Corpo 
ville, | 
@ Mo 
Inc., 
28, N 
featur 
tempe 
lium, zine and mercury (with a window-§ @ Th 
like opening in the outer bulb for short § petrol 
wave ultraviolet) are used interchangeably gkyro, 
in one auxiliary operating unit. This ff years, 
provides a versatile tool where line radia- § 7, p_g, 
tion is essential. The lamps are equipped Coy 
with prefocus bases and identical light § indivi 
center lengths which permit ease of han-f reque 
dling and changing of bulbs without chang: f burgh 
ing source position. Manufactured by § the by 
George W. Gates & Co., Franklin Square, § jee, 
L. IL, New York, the lamp is available 
from your laboratory supply dealer. @ Ac 
offers 
> Improvements over early work in terms § which 
of flexibility and efficiency have beet § items 
engineered into the new Spinco Con-§ the n 
tinuous-Flow Paper Electrophoresis ap-§ the 
paratus. Available from the Spinco Divi- PSc 
sion, Beckman Instruments, Inc., 6708 are } 
O’Neill Ave., Belmont, California. New § labor: 


methods of electrolyte feed and _ wide- 
range controls permit the instrument tof ® A 


give maximum throughput under any re- bonat 
quired degree of resolution. At the same Potas 
time, design efficiency has been raised sf St., I 
that resolutions formerly requiring as indus 
much as 1500-volt operation are made at § factu 
1/; this value. petro 

Under test and evaluation in the Spinco # Mant 
research department for the past ‘wo eA 
years, the new unit is manufactured bullet 
under U. S. Patent No. 2,555,487. Ap- 
plicable to the separation of all kinds of fy. v 


charged substances such as proteins, poly- Fy. 
peptides, amino acids and other biological 


materials, the unit also handles such or § @ Tt 
ganic substances as dyes and_ inter § ayail; 
mediates. In special cases non-polar sub- § strun 
stances such as carbohydrates can be§ Erie: 


separated, Th 


scribr 
NEW LITERATURE the 
@ The 1956 edition of the booklet, J 40na 
Physical Properties of Synthetic Organic 
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OUT OF THE 


A Superior 


arl Fischer {Chen icals, has just been issued by Car- 
y used forf¥bide and Carbon Chemicals Co., 30 E. 


titration, B42nd St., New York 17, N. Y. This 
it excellent Kbooklet is prepared annually as a helpful 
guide for chemists, engineers purchasing 
agents, and laboratory workers. 
laboratory 
bulbs New Catalog of Laboratory Equipment 
n is avail-ffand Furniture shows the latest design in 
nium, cae- {laboratory furniture of all types such as: 
cadmium, gcenter tables, wall tables, fume hoods, 
dium, thal. radioactive fume hoods, storage cabinets, 
sectional units, service fixtures, and other 
types of allied equipment for the labora- 
tory. The catalog covers new sectional 
units, table top materials, and special 
units which can be used in conjunction 
with all laboratory equipment. 
Copies of this catalog may be obtained 
by writing to: Advertising Dept., Metalab 
Equipment Company, Division of Norbute 
Corporation, 214 Duffy Avenue, Hicks- 
ville, L. I., New York. 
@ Modern Laboratory Equipment Co., 
Inc., 1809-11 First Avenue, New York 
28, N. Y. offers a new Modernlab catalog 
featuring a complete line of constant 
temperature equipment. 
window: @ The amazing success story of liquefied 
for short petroleum gas, whose consumption has 
hangeably skyrocketed upward by 27,500% in 30 
ut. r his f years, is told in a new brochure entitled 
line radia- LP-Gas, the Cinderella Fuel. 
» equipped Copies are available for distribution to 
tical light § individuals, schools or other groups, upon 
se of han- request to Gulf Oil Corporation, Pitts- 
put chang- burgh, Pennsylvania’ which has published 
‘tured by § the brochure as a public information serv- 
in Square, jee, 
available 
aler. @ Ace Glass Inc., Vineland, New Jersey, 
; offers Supplement No. 1 to their catalog 
k in terms which contains principally laboratory 
ave beet items other than glassware. Probably 
nco Col-§ the most noteworthy of these items are 
sresis the Pushomatic quick couplings and the 
inco Divi-§ PSC air control equipment, both of which 
Inc., 670 B are handled exclusively by Ace in the 
ia. New laboratory field. 
wide- 
ument to— @ A technical bulletin on lithium car- 
or any re bonate has been issued by American 
the same} Potash & Chemical Corp., 3030 W. Sixth 
raised sof St., Los Angeles 54, Calif. for use in such 
tiring industries as porcelain enamel manu- 
made at facturing, glass and ceramic production, 
petroleum, air conditioning, metal alloy 
he Spinco Manufacturing and other industries. 
@\ new and comprehensive 36-page 
87. Ap- bulletin outlining the properties and uses 
kinds of of metallic stearates has been published 
“sega by Witco Chemical Co., 122 E. 42nd St., 
York 17, N. Y. 
biological 
such ot § @ The 8th issue of The Nucleus is now 
id inter-§ available on request from Nuclear In- 
olar sub-f strament and Chemical Corp., 229 W. 
can be® Erie St., Chicago 10, Illinois. 
The four-page two-color brochure de- 
scribes Nuclear-Chicago’s new Isotope 
Scanner. This unit, used with a direc- 
booklet, tional scintillation detector and scaler, 
Orgunic | Provides a means of scanning body areas 
for concentrations of radioactive isotopes 
DH, 1956 


while simultaneously drawing a “picture”’ 
of the isotope distribution. 


@ New catalog of optical aids including 
factual information on all types of optical 
instruments and giving a handy source 
of optical items is available by request 
from Edmund Scientific Corp., Barrington 
7, New Jersey. 


@ Detailed laboratory data covering acid 
and chemical resistance of Orlon and 
Dynel industrial apparel is included in 
the new Worklon catalog. A copy may 
be obtained free of charge by writing to 
Worklon, Inc., Dept. 100, 253 W. 28th 
St., New York 1, N. Y. 


@ A new 4-page brochure lists industrial 
filtration products together with the spe- 
cific grades of filter paper that are most 
commonly used. It also includes specifi- 
cations of E & D industrial and scientific 
papers. For free copy write to Mr. 


Thomas H. Logan, Jr., The Eaton-Dike- 


man Co., Filtertown, Mt. Holly Springs, 
Pennsylvania. 


@ The Emil Greiner Co., 20-26 N. Moore 
St., New York 13, N. Y., offers a Constant 
Temperature Bath Components circular, 
which attempts to list completely these 
assemblies that are available. 


@ Copies of Guideposts to Wood Markets 
are available, without charge, from 
Timber Engineering Co., 1319-18th Street, 
N. W., Washington 6, D. C., listing eight 
specific fields that are ripe for research 
and development in the lumber and wood 
products industries. 


@ The completely new 1956 Reference 
Guide to Dow Corning silicone products 
has just been published. Half again us 
large as last year’s, the new edition de- 
scribes almost 150 of the most generally 


CENTRIFUGES 
for °56 by C.8. &E. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Backed by fifty years of experience the Chicago Surgical 
and Electrical Company presents the “Forward Look," 
in the field of centrifuges.—Not only does this embody 
improvement of design, but in every phase of con- 
struction and craftsmanship . . . To one end; perfection 
of equipment for medical, chemical, and research 
laboratories. 


Two new 6-tube 15 ml. safety le centrifuges, Models 40 and 
50 are fully enclosed and have sa ~~ cap for loading. There are 
no exposed revolving parts and danger from flying glass is 
eliminated. Distinctive C. S. & E. styling with Sand-Tan Finish. 
Streamlined aluminum housing of Model 40 is constant 
1700 RPM, while Model 50 ‘oe speed 
regulation from 0 to 5000°'RPM, with built-in timer. Motor of 
Model 50 is ball-bearing, lubricated for life. Easy loading 
and unloading. 


Embodying many safety Sotven, 0 the Model 10 (Size 1) 
and Model 20 (Size 2) C. &E mtrifuges are de- 
signed for use in medical ya industrial laboratories. 
abinets are of most modern furniture type design 
finished in Sand-Tan with black Formica top; electric 
brake eliminates brake shoes; built-in owerstat 
gives stepless speed yong dial type indi- 
cator indicates speed up to 6,000 R .; auto- 
matic electric timer; all controls are interlocked 
for operator safety. Motor is lubricated for life. 
Model 10 will accommodate all Riedel 
suitable for Size 1 Centrifuges; 
takes all Size 2 heads and accessories. Both 
units offer convenient storage space for 
accessories. Model 10 comes with 4 HP 
motor; Model 20 has % HP motor. Both 
models may be supplied with refrigera- 
tion for operation below room tem- 


perature. 

SEND FOR 
BULLETIN NO. 
JC-63 
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NEW 
FORWARD 
LAB-LOOK 


CHICAGO SURGICAL & ELECTRICAL CO. 
Division of Labline, Inc 
3070-82 West Grand Avenue + Chicago 22, Illinois 
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YOURS FREE 


S:§ Membrane Filter Folder 


Detailed information and 
simple directions for use of 
membrane filters. This folder 
describes the new S&S “Bac- 
T-Flex’’*, flexible membrane 
filter with a larger, green-col- 
ored grid designed for easier, 
more accurate bacteria count. 


S2§ Filtration Chart 


This wall-sized chart 
shows at a glance which 
filter paper to use for a 
given analysis. Gives rela- 
tive retention values of 
S&S Analytical Filter 
Papers and other brands. 


S:§ Filter Paper Sampler 


S&S Analytical Filter Papers 
are known for their consistent 
accuracy, physical uniformity, 
anc a wide variety of types. 
your own tests. Com- 
pare. Send for your free sam- 
pler of many S&S grades. 


***Bac-T-Flex’’ is a trademark 


Carl Schleicher & Schuell Co. 
Dept. JC-36, Keene, New Hampshire 


Send your free S&S: [] Membrane: Filter Folder 
Filter Paper Sampler Filtration Chart 


used silicone products, 1& of which were 
first introduced within the last 12 months. 
Available from Dow Corning Corp., 
Midland, Michigan. 


@ Determination of Shear Stability of 
Non-Newtonian Liquids, prepared by 
Neal D. Lawson may be obtained from 
ASTM headquarters, 1916 Race St., 
Philadelphia 3, Pennsylvania, at 75 cents 
per copy. 


@ The National Bureau of Standards, 
U. Department of Commerce, Wash- 
ington 25, D. C., announces th» following 
publications available from the Govern- 
ment Printing Office, Washingtoh 25, D.C. 

Standard X-ray Diffraction. Powder 
Patterns, Circular 539, Volume V, by 
Howard E. Swanson, Nancy T.* Gilfrich, 
and George M. Ugrinic, issued October 21, 
1955, 75 pages, 45¢. 

Table of Hyperbolic Sines and Costnee, 
x = 2 to x = 10, National Bureau of 
Standards Applied Mathematics. Series 
45, 81 pages, 55 cents. 

Table of the Descending Exponential, 
x = 2.5 tox = 10, National Burvau of 
Standards Applied Mathematics ‘Series 
46, 76 pages, 50 cents. 


@A new monthly publication listing 
recent reports of research by the Atomic 
Energy Commission has now been made 
available, the office of Technical Services, 


U. 8S. Department of Commerce has an 
nounced. 

Nonelassified reports of AEC research 
are listed in a separate section of the OT§ 
monthly publication, U. S. Government 
Research Reports, as they are released, 
The demand for these AEC reports has 
been so strong that it was decided to m 
print the AEC section of this publicatiog 
to make wider dissemination of this im 
portant information possible. The re 
prints will be available monthly from 
OTS starting with a November issue 
which may be obtained from OTS, De. 
partment of Commerce, Washington 2), 
or any of its 33 field offices, price 10 cents, 

U. S. Government Research Reports, 
which also describes in each issue over 300 
reports of research released by the Army, 
Navy, Air Force and certain civilian 
agencies, is a subscription publication 
handled by the Superintendent of Docu- 
ments, U. 8. Government Printing Office, 
Washington 25, at $6 a year, $3 additional 
for foreign mailing. 


NEW CHEMICALS 


@ Maleo-pimaric Acid, a Diels-Alder 
adduct of one of the resin acid isomers 
with maleic anhydride, is one of 19 chem- 
icals recently added to the list of some 3500 
Eastman Organic Chemicals available 
from Distillation Products Industries. 
The compound readily forms a water- 
soluble sodium salt of high molecular 
weight. 

Also announced as new Eastman 
Organic Chemicals are the following: 
m-Bromo-a,a,a-trifluorotoluene, BrC,Hr 


(Continued on p. 40) 


NALGENE Polyethylene SINK TRAPS 


No other material used for chemical wastes is so TROUBLE 
FREE and LONG LASTING (even mercury does not affect it) 


INSTALL IT and FORGET IT 


© Compact design to fit limited 
space 
Three inch deep catch-pot base 


Fits all sinks whether of thin 
metal or thick ceramic 


Resists all chemicals normally 
flushed down sink including 
mercury 


Installed without tools, washers 
or cements 
1288 Complete but without 


stand-up pipe $25.50 each 


1288A Stand-up pipe, 7” tall 
for above, $2.85 each 


Specify NALGENE Waste System in your next laboratory installation. 
Ask your furniture contractor or laboratory supply dealer. 


Replacements or New 


Dimensional 
Blue Prints 
Available 


The VALGE CO., Inc. 


ROCHESTER 2, NEW YORK, U.S. A. 


33 STZ 
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water oe-minerat-izeo ro HIGHER PURITY 
IN ONE LOW COST COMPACT UNIT 


DEEMINIZER CL-5 


Ag 9° 


é a 


ON EXCHANGE DEMINERALIZER 


COMPLETE WITH DIRECT READING 
ELECTRIC QUALITY-CHECK METER. 


Reservoir supply for instant use. Capacity 
up to 5 gal. per hour. Constant gravity 
feed insures consistent quality. No flow 
control to set — no waste. Portable. No 
plumbing necessary. Keep a convenient 
DEEMINIZER® near each point of use 
— on each project. 


ppm — initially. 


day direct—or throu 


resin filters $11.70. 
*Patent applied for. 


Crystalab DEEMINITE® ion exchange 
filters are super-charged by exclusive 
Crystalab process to insure maximum ad- 
sorptive capacity. Removes all ionized 
minerals and dissolved solids such as 


anions (sulphates, chlorides, bicarbonates, fluorides, silicates, 
carbonates, etc.) and cations (iron, nickel, calcium, man- 
ganese, sodium, etc.) Ionic purity of effluent less than 1 


In use throughout the world as laboratory standard—order to- 
gh any leading laboratory suppl: 
*DEEMINIZER CL-5 $39.50 


house. 


and carton 6 DEEMINITE 


Meine 
Technical Bulletin Available 


CRYSTAL RESEARCH LABORATORIES, INC. 


Dept L-55 


29 Allyn: St. Hartford 3, Conn 


itic 
Adonidine; A 
ic 


Glucoside; 


dl-Ethionine; 
Glucuronides; G 
Glycylleucine; Glycy 
kinase; Hyaluronic A 
nzoic Acid; 


Lignoceric Aci 
ide; 


yiutea; 


banie Acid; Penicillinase; 


Phenylpyruvie Acid 


Acid; Sodium Amide; 
sosine; Stilbemidine 
pheayl, m-Terpheny! 


DELTA CHEMICAL WORKS jvc. 


West 60th St. New York 23,N.Y., 
Telephone Plaza7-6317 


Mow avatable... 


ae, 
Acon Acid; Acridine 
lanvighveine, All 
Arechidic Acid 
Atropic A 
phonic Acid; Cho’ 


lycinate, 
Desthiobiotin,; 
Dihydroxyecetone Phosphate 
cinic Derivatives; Enzymes 


Bromide; Glue 


a-Hydroxyphenazine; 


Kynurenic Acid; Lectobionic Acid; Leucylgl 
id, Lithium Amide, Margeric Acid, 


Te ocopherol Phosphote 
irigonelline "tropic Acid, 
Ursolic Acid, Vitemia Gis. 


Arachid 
cid; 


jesterol Esters; Circw! 
‘ollidin; Columbium Chloride, 


etreecetic 


lycera’ 
me, Glycyl jepariny Hexo- 

2-Hydroxystearic acid; 
bie Acid; Isocitric Acid; lsocytosine; 


Nephthy! Red; Neurine Bromide 

7 Oumie Acid; Pare 
eroxidese; Phenolohthalein Glucuronide; 
op 


Sodium Fl ingomyelin,; Sphin- 
Sulfequinoxaline; T. um Chloride; o-Ter- 
jomalic Acid; 8-T. 


Ask us for others! 


TIRED OF EXTRA EFFO 
TRY | 


EFFORTLESS FEATURES 


RT? 


model JRtype 2012 $285.00 qj 


“AUTO -CLENCH” 


In the past everybody handled balances timidly, 
especially when moving the gram rider, knowing 
that a dislodged rider meant starting all over on the 
rocedure. ABC offers a simple gravity actuated, 
unctional protective device which automatically 
clenches the rider, obviating its loss, thereby creat- 
ing confidence and permiting faster operation. 


“EQUI -POISE” 


Absolutely eliminates any back lash or loaning of 
the weighing chain. You are certain that all chain 
weighing is precisely correct. With Equi-poise 
nobody has to recheck to assure accuracy. 


“ARCH-RELIEF” 


Had any trouble with the beam sliding? All abe 
knife-edges are protected from torque problems by 
a method of he nae the centers of knives, yet 
permitting the knife-edge to remain in perfect con- 
tact with its bearing. 


FEDERAL SPEC. CERTIFICATION 


All abe balances are constructed, adjusted and 
tested to perform to Federal Specs. AAA-B-92. 
Certification is attached to case. When buying an 
ABC you know that it will perform as required. 


There are more EFFORTLESS features described in 


Bulletin JR. Write for your copy. 


BALANCE CORP. 
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OUT OF THE Reprinted from *\NALYTICAL CHEMISTRY, 


Society and reprinted by permission of the 


. R copyright owner 
b W -VITREOSIL CF;; A be 
al) ware anophenone, CICGH;OH(CH,)CO(CH2)e Improvements in Karl Fischer Methofvior i: 
CH;; Di-n-hexyl Carbonate, [CH;(CH2);- velope 
OLCO; 1-Ethyl-1-(1-naphthyl)-2-thio- for Determination of Water Fy... ; 
urea, CijH;N(C,H;)CSNH2; a-Hydroxy- le Co 
iso-butyric acid, (CH;),COHCOOH; In- E. PETERS end J. L. JUNGNICKCL e Ge 
doline, CsH,NHCH:CH2; Methyl 2- Shell Development Co., Emeryville, Calif. the . 
oundat: 
5,6,11,12-Tetraphenylnaphthacene, | fer Karl Fiecher ceagent. Im mddinion The d 
(CoH; )sCigHs; 2,4,7-Trinitro-9-fluorenone, stability, the modified reagent extends the applicability yeast 
CoH. NO,),COC;H;NOp. of the method by permitting an appropriate choice of which 


sample solvent. Methanol is an desirable solven 
in some cases because of i fering side with Mr. E. 
Further information on these and other slycol and hi 

° ° | permits the direct titration of water in ketones and . 
Eastman Organic Chemicals may be had | aldchydes and imp 
by writing Distillation Products Indus- | water with Fischer reagent to the reverse dead-stop edfmeasti'e 


tries, Rochester 3, New York. | Point. a | 
MISCELLANY red 


% Any young man or woman who is con- | water pr 
sidering teaching as a career should seek Dropl 
answers to the following questions: How Lmatio 
important is teaching? What does a 4.9 pr 
teacher do? What are the requirements | ae 
for teaching? How may I meet them? 
How can I get satisfactory employment 
in teaching? What salary will I receive? 
What are the retirement provisions? | ~ n + ultiplie 
Will I enjoy teaching? Answers to these | Time of Sanding, 
questions are given in Teaching as a Career. Figure 
world are most eminently Available from the Superintendent of ube, in 
d fully met b Documents, U. 8. Government Printing juipme! 
f y Office, Washington 25, D. C., at 15 cents New Uses 
silica) produced to the high- —— | ¢ phot 
est standards of quality. % A hundred years of the world’s ac- e seat 
cumulated experimental data on the ther- of six 
Chemical purity, high re- modynamic properties of pure gases and | new reagent. You can use the rapid B The j 
sistance to heat shock, un- liquids have been condensed into a | Fischer method of moisture determina- Byeed to 
usual electrical resistivity, hundred pages of the latest published re- tion on many additional products Bgglomet 
best ultra-violet transmis- port of the University of Wisconsin’s where it was previously unsuccessful. on, 
sion (in transparent quali- Engineering Experiment Station. 
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pcond, 
article | 


Side reactions which previously inter- 
ferred are definitely reduced by this 


ty) and low initial cost com- The condensation was made _ possible ar 5 A ne 
to platinum are some by extending the theory of corresponding Greater Stability ’ Lower Price pened 1 


nnoune 
It lasts for a year! This means you Nectrie 


can buy it by the gallon at a cost hilating 
lower than mixing your own. Saves ff. [i.’s | 
the need for frequent standardization Bhe deco 


eatures of Vitreosil fused states to include a third variable, the 
quartz. : critical compressibility factor, in addi- 
In addition to our unusually tion to reduced pressure and reduced tem- 
large stock of transparent perature, UW chemical engineers ex- 
and opaque, including plained. | oe 
glazed and unglazed cruci- All previous correlations and conden- | during the day too, é. rs 
bles, evaporating dishes, sations of this type were based upon the | Bs | 
beakers, tubing and rods in behavior of seven similar simple com- Wh p $595 ; —s 
all diameters and sizes, we pounds for gases only. The new conden- y ay amps a 


t fabrication of sation, completed in the UW chemical H esilient, 
engineering department, is based upon | WACO Titrator 
Write today, giving the behavior of 82 compounds of wide | Costs Only $210 nd OT 

uiring ¢ 


quirements or ask for compounds for which such data have 
illustrated bulletin. been experimentally determined. The Mr 
tables have now been extended to include | wed 
THERMAL AMERICAN the properties of liquids as well as gases 
FUSED QUARTZ CO., INC. in the same tables and charts in the new spherical joint glassware is now pro Bo, 
18-20 Salem Street, Dover, New Jersey UW engineering publication. vided. Everything you need for “shape 
Condensing of experimental data for FAST, ACCURATE MOISTURE DE Bouter. 
the new report was started abovt 25 TERMINATION at a price of only Brithin th 
years ago. For 20 of these years Prof. $210, he periy 
K. M. Watson, formerly of the UW nelude 
chemical engineering staff, was a fore- Gop bn shelly 
most contributor. During the last three Spot News No. JC-3. iinimur 
years, the extension of this work to in- br stude 
clude all pure gases and liquids was made olored 
sel L. Lydersen, Robert A. Greenkorn, 3 ; ions 
and Prof. Olaf A. Hourgen of the UW | CD 
chemical engineering department. than 
4525 W. Division St. Chicago 51, 
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psearch operations at the Foundation. 

The instrument makes it possible to 
heasure and count the particles at the 
hte of 12,000 per minute—several hun- 


A better understanding of cloud be- 


pvior is expected to result from a newly 
veloped high-speed electronic device. 
The instrument—called a Cloud Par- 


Je Counter—has been developed for 


e Geophysics Research Directorate 


the Air Force by Armour Research 


oundation of Illinois Institute of Tech- 
logy, Chicago. 

The device automatically samples and 
easures the minute moisture particles 
which clouds are formed, according to 


ik. H. Schulz, assistant director for 


d times faster than by the usual method 


collecting the particles and examining 
em under a microscope. 

Droplets are withdrawn from the cloud 
bmation and passed in a narrow stream 
rough an optical system. The droplets 
re diluted in such a way that each particle 
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illuminated for a fraction of a milli- 
pond, and the light scattered by the 
article is detected by a sensitive photo- 


Itiplier. 


Since larger particles scatter more 
ght than small ones, the photomultiplier 
ibe, in conjunction with other electronic 
juipment, can determine the size of each 
article. Electrical impulses created by 
e photomultiplier tube when it detects 
e scattered light are transmitted to a 


of six dials. 


The instrument operates at sufficient 
eed to eliminate errors due to particle 
gglomeration, evaporation, or condensa- 
on, 


A new pressure-contact adhesive de- 


gned for spray applications has been 


iounced as available by General 


‘lectrie Company’s Laminated and In- 
ulating Products Department, expanding 


E.'s line of bonding substances used in 


he decorative laminate field. 
The new pressure-contact adhesive— 
art of a series eliminating conventional 


istant. Included in the series are “Type 


for professional brush or trowel use, 


nd “Type B” for do-it-yourself use re- 
uring only trowel application. 


Mr. T. S. Applegate, Kamehameha 


‘hools, Honolulu 17, T.H., reports that 


has constructed a chemistry laboratory 
24 students on the general plan of a 


-shuped bay of a quick-service restaurant 


inter. The teacher occupies the space 


‘ithin the U and the students work around 
he periphery. The features of the plan 


lude overhead storage of chemicals 
shelves suspended from the ceiling, 


lininum physical exertion by the teacher 


student, semi-micro techniques with 


olored polyethylene trays and _treat- 
ent of all wood to withstand the condi- 


ns. By using local labor the cost of 


Mversion of classroom to laboratory was 
than $1000. 


“For Scientists Everywhere” 


LABORATORY SHAKERS 


Build-Up® 
Design 


® 
Wrist-Action 
Motion 


You control procedures from gentle to violent shaking and repeat any operation, 
exactly, at another time. Side clamps take various shapes and sizes. Top clamps 
take bottles and Erlenmeyer flasks. Loads need not be balanced. 


CAT. NO. ITEM PRICE 
75-765 BT Build-Up Wrist-Action Shaker, Size BT 217.50 
for 8 top and 8 side flasks 
Price listed is F.O.B. Pittsburgh, Pa. 


For 115 volts, 60 cycle, one phase. Other voltages to order. 
For additional data, ask for Bulletin No. 307 


ONE BASIC UNIT SERVES MANY DIFFERENT REQUIREMENTS 
You Build-Up with the new 8-place flat-top and with side arms for 8, 12 or 16 
flasks or bottles. One basic unit adapts to any combination. 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Trubore tubing assures accuracy 
and interchangeability 
within each pressure range. 
Now supplied with hammer-tone grey 
metal stand for greater stability. 
New metal locking device has 
positive holding action—eliminates 
need for glass hooks and springs. 
Gauge will hold at any position 
to which it is rotated. 
Pressure Range Lowest Reading 
mm. Hg mm. Hg. 
0-1.0 0.001 
0-5.0 0.005 
0-10.0 0.010 
0-15.0 0.050 


Write Dep't MG-C for details and prices 


ACE GLASS INGORPORATED 


VINELAND @ NEW JERSEY \ 
LOUISVILLE, KY,,639-41 SOUTH HANCOCK ST \ 
Glassware Specialists to Vudustry aud Research 
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NOW READY.... 


The first series of “Tested Demonstra- 
tions’ reprinted from the 1955 volume 
of the Journal of Chemical Education. 


The booklet contains the 12 original installments comprising 
241 tested demonstrations on the following topics: 


1. Chemical Reactions 
2. xygen 
3. Hydrogen 
4. Water, Acids, Bases, Salts 
5. States of Matter. Solutions 
8. Equilibrium. Oxidation and reduction M, 
9. Atomic Structure: Radioactivity “Inter 
10. Group Zero (Inert Gases) and the Atmosphere 
11. Metallurgy one wl 
12. Group1. The Alkali Metals. The Copper Group ments 
h 
The booklet is attractively printed, bound in serviceable 2 
green cover stock, and punched for a standard 3-ring binder. les 
but al: 
00 
Single copies. eoeeeeeee $1 Journal of se 
10-19 copies........ 75¢ Ea. aie 
20 or more copies.... 60¢ Ea. CHEMICAL EDUCATION os 
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“I have just examined a copy of the 25-Year Cumula- 
tive Index of the JOURNAL. I congratulate you upon 
a beautiful piece of work. The Index will be of in- 
calculable value not only to teachers, but to au- 
thors of the JOURNAL. I think a justified criticism 
of the work of the latter—and I include myself— 
has been their failure to recognize the contribu- 
tions of others in the field. Now that the Index 
is available your reviewers can crack down on 
those in the future who skim over this essen- 
tial of good scholarship.” 

from a letter to the Editor 


The 25 Year Cumulative Index to the JOURNAL OF CHEMICAL at ate be 
EDUCATION is not a compilation of the annual indexes. It's a my = ($3.50 foreign) 
completely new index made from a study of each issue pub- 
lished since January 1924. This Cumulative Index is a veri- 
table bibliography of the entire field of chemical education. Journal of 
It's a source book of ideas for the teacher and the chemist in 


industry alike. If you have access to the JOURNAL, you need CHEMICAL EDUCATION 


a copy of the Cumulative Index. Order it today. EASTON, PENNSYLVANIA 
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Maxy years ago the late Edward Washburn, editor of 
“International Critical Tables,” defined a physicist as 
one who made measurements with very precise instru- 
ments and very impure chemicals; a chemist as one 
who made the same measurements with very crude 
instruments and very pure chemicals; and a physical 
chemist as one who used not only crude instruments 
but also very impure chemicals. It seemed obvious to 
Washburn, an internationally-famous physical chemist 
himself, that members of his profession were the most 
consistent and perhaps obtained the most reliable 
results. 

Today, as one mutation of the physival chemist we 
have the “‘engineering scientist.”” He is the chap who 
years ago appreciated the quantitative principles of 
chemistry. He looked with a jaundiced eye at those 


engineers who understood only simple physics and who 


relied upon empirical formulas which they found in 
outmoded handbooks. The physical chemist in the 
meantime dove into the atom to meet the new physicist 
on a new and bloody battlefield, leaving to the engineer- 
ing scientist that important and interesting problem 
of how to control molecular reactions for the good of 
mankind. 

Also in the meantime, the mathematically-minded 


engineers wishing to reduce the tedious labor of solving 
complex equations have developed machines which will 
do the job if they are fed all of the essential data and a 
proper “‘program”’ is developed for them. No, these 
machines have no brains, they never think, but they do 
have marvelous memories. Sometimes they remember 
data from a previous but irrelevant problem and first 
must be “brain washed.”’ 

Once again the engineering scientist has demonstrated 
his value. He seems to be the only person who is able 
to select the proper machine for the particular problem 
and is in a position to develop a satisfactory “program.” 
His is the real brain. 

His success is already so marked that we now have 
seen the birth of “informational engineering.’”’ The 
main object in this new field of engineering is to cor- 
relate vast quantities of data and reduce them to a 
few simple but useful facts which were not evident 
before. 

Now, where is “the dead mouse in the can of milk’’? 
Why not educate only engineering scientists? Why 
bother to educate the common garden variety of chemi- 
cal engineers—those versatile fellows who seem to be so 
flexible that they can take on most any industrial prob- 
lem and do fairly well at discovering the solution? 


The view through the window this month is that 


seen by Donald B. Keyes. 


It is a pleasure for the 


Editor, and a treat for his readers to share this page 
with one whose view of the chemical world has been 
through so many different windows. Currently his 
view is the New York skyline from the offices of Arthur 
D. Little, Inc. He watched the bustling campus of the 
University of Illinois as chairman of its division of 
chemical engineering for 19 years. He has had the 
view from the industrial research bench (U. 8S. Indus- 
trial Chemical Co.), the corporation executive’s office 
(Heyden Chemical Corp.), and a government agency 
(Office of Production Research and Development of the 
War Production Board). The accompanying reflection 
of what he sees contains the parable of ‘Semi-quanti- 
tative Joe.’”’ Dr. Keyes considers him to be an indis- 
pensable fellow, even in these days of automation and 
electronic brains. 
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First, it must be remembered the engineering scien- 


tist must have an unusually brilliant mind, far above the - 


average. If he does not, he is right down with the 
rest of us who are still struggling along trying to make 
a living. 

Second, he can only operate if he has at his disposal 
a vast quantity of reliable data. He has no time to 
collect these data; somebody else must do it for him. 
He is always amazed that previous investigators have 
shown so little interest in pertinent data. This often 
means that considerable time and money must be spent 
before he has the requisite food for thought. 

While waiting for data collections, his brain does not 
remain idle. Sometimes he takes the facts available, 
and if he is not too timid a soul, makes some assump- 
tions to replace the missing data and blithely goes 
ahead with the solution knowing that the results may 
be erroneous. He may find sufficient data to attack 
another problem solved before by a less competent 
. investigator. In this case, he even may hope that he 
will come up with a different result. His pleasure may 
come more from his proving someone to have been 
wrong than from the data’s usefulness. 

It is evident that our engineering scientist has his 
limitations, so let us drop down out of the clouds and 
glance at the distillation expert working for industry. 
Yes, he is well educated, but he knows many things 
besides classical chemical engineering. He knows how 
to handle men, from engineering scientists to labor 
leaders. He is called a ‘distillation expert’’ because 
he has been forced to design many columns which have 
performed satisfactorily. 

Let us suppose that some morning he has the prob- 
lem of designing a continuous column for the separa- 
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tion of a binary or ternary system into a product 
which has certain specifications. Let us further 
assume that he has no previous knowledge of this sys- 
tem. First he would like to determine the correct 
number of plates necessary for this column to function 
properly. Does he grab his handbook or rush over to 
the library and start looking? Not at all. Does he 
confer with his good friend, the engineering scientist? 
No, he just calls “Joe.” This is his orthodox procedure, 

Who is Joe? He is just a good, young chemical 
engineer who is the pilot-plant foreman. He is edu- 
cated, but his appearance suggests that it was not 
secured in an “Ivy Tower.” 

Joe’s boss says, “Find out for me the number of 
plates required for this feed stock to produce this prod- 
uct, and I want the answer yesterday. Get going!” 

Joe knows his stuff and is paid well to obtain results. 
Does he study the problem? Yes, as he walks rapidly 
to the pilot plant where he has several columns, each 
with a different number of plates. Once there, he and 
his gang locate material for the feed stock, acquire it 
by fair means or foul, and start operating one column 
after another, always varying the reflux until the 
desired product is obtained. 

From these few simple examples and his past experi- 
ence as to what his boss considers a “reasonable” 
reflux, he can easily guess the correct answer. He 
phones it in and calls it a day. 

The moral of this story is, we can’t do much with the 
results of the brilliant engineering scientist, unless we 
have at the same time a good supply of ‘‘Semi-quanti- 
tative Joe’s.” 


Dona.p B. Keyes 


FIRST FILM FOR COLLEGE-CLASSROOM USE EDITED BY DIVISION’S COMMITTEE 


Title: The Chemistry of Aluminum 

Obtainable from: Reynolds Metals Company, Motion Pictures, 
2500 S. Third Street, Louisville 1, Kentucky 

Description: 16 mm., color, 16 minute running time 


A BRIEF introduction to the uses of aluminum is followed by a 
thorough description of the mining and purification of bauxite to 
give alu mina, of the electrolysis of alumina in molten cryolite to 
give metallic aluminum, of the casting, rolling, extrusion, and 
deep drawing of aluminum metal, and of color anodizing and 
secondary processing of the metal into cable, pipelines, etc. The 
film closes with a review of the processing technics and general 
shots of the plants to show the scale of the operation. 

This film is designed specifically for college-classroom use and 
includes chemical formulas for the raw materials, and chemical 
equations for each step in the metallurgy. Animation of several 
steps is included. 

The film is recommended for use after a brief introduction to 
the subject by the ‘instructor, but is largely self-explanatory if 
shown during the portion of the course dealing with the chemistry 
of aluminum. There is no music with the film so that the instruc- 
tor may comment if he wishes from time to time. 


A ComMITrEE ON Epit1NG Fits was established by the Divi- 
sion of Chemical Education in 1954. It was instructed to cooper- 
ate with industry in an attempt to produce films designed 
especially for college classrooms. The committee has accepted 
the following principles as part of its minimum standards: run- 
ning time of not more than 20 minutes, elimination of ‘‘mood 
music’’ so that the instructor can make comments, use of correct 
chemical terminology with formulas and equations when needed. 
The principal purposes are two: (1) to illustrate the scale on 
which modern industry operates using the same chemical prin- 
ciples a student uses in the laboratory, and (2) to show the appli- 
cation of these principles in typical industrial practice. 

The committee solicits from the readers of TH1s JOURNAL slg- 
gestions of films which meet these criteria or can be made to do 
so with a minimum of editing. J. A. Campbell, Oberlin College, 
Oberlin, Ohio, is chairman; other committee members are: F. 
Dutton, L. Ferguson, H. Gabriel, W. Miller, H. Sorum, and G. 
Thomas. 

The committee is most appreciative of the friendly cooperation 
the Reynolds Metals Company has given in producing this film, 
the first industrial film so conceived, and is sure its reception by 
college teachers will be enthusiastic. 
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e DIFFERENTIAL THERMAL ANALYSIS 


Dirrerenriay thermal analysis (DTA) isa method for 
observing the transitions and reactions that a substance 
undergoes on heating. The substance under investi- 
gation, together with a sample of inert material, is 
placed in a furnace. The furnace temperature is 
raised at a constant rate. The difference in tempera- 
ture between the active and inert materials (A7’) is 
observed as a function of furnace temperature. The 
measurement is usually accomplished by means of a 
differential thermocouple. If no reaction is taking 
place, both samples will be at the same temperature. 
If the active material undergoes an endothermic re- 
action, such as loss of water of hydration, its tempera- 
ture will lag behind that of the inert material. When 
the chemical reaction is completed, no‘ more heat is 
absorbed and a steady state is again attained where 
AT is zero. Hence, a curve going from zero, rising to a 
maximum and dropping again to zero, is expected. 
Typical differential thermographs are shown in Figure 
4. 

DTA apparently first was used in 1887 by Le Cha- 
telier (1) in an investigation of the constitution of 
clays. It has since been widely used in mineralogy and 
soil studies. Peaks due to processes such as dehydra- 
tion, the decomposition of carbonates, and the oxi- 
dation of organic matter permit the identification and 
differentiation of the complex mixtures which consti- 
tute these samples. 

In recent years increasing use has been made of this 
tool in a variety of chemical problems. The thermal 
decomposition of a number : 
of organic compounds has 
been studied by Pirisi and 
Mattu (2). The possibility 
of characterizing complex 
organic substances by their 
differential thermographs 
has been considered by Mo- 
rita and Rice (3). A con- 
siderable amount of data is 
accumulating on the de- 
composition of inorganic 
compounds, particularly 
nitrates, carbonates, and 
perchlorates (4, 6, 6, 7). 
Intermediate phases in the 


Mmagnesia-silica—water sys- Figure 1. 


An Experiment for the Physical 
Chemistry Laboratory 


HANS J. BORCHARDT 


University of Wisconsin, Madison, Wisconsin 


tem were detected by Kalousek and Mui (8). Guth 
and co-workers (9) studied the stepwise oxidation and 
reduction of praseodymium and terbium. Krishna 
Prasad and Patel (/0) investigated the composition of 
synthetic manganese dioxides. Observations of chemi- 
cal reactions between solids have been made by Smothers 
and Chiang (//) and by Audrieth, Mills, and Netherton 
(12). Martin and Jaffray (73) studied transitions in 
anhydrous sodium carbonate. 

In many cases DTA is used as a scanning tool to ob- 
tain rapidly an over-all view of the processes which 
occur on heating. Once the region of interest has been 
established, a detailed investigation is made using chem- 
ical analysis, X-ray diffraction, ete. 

Differential heating curves are by far the more com- 
mon in the literature, although some use is being made 
of differential cooling curves for the determination of 
phase diagrams (/4). The advantage here over ordi- 
nary cooling curves is that peaks rather than breaks in 
the cooling curve are observed. On the other hand, 
difficulties may be encountered with supercooling (14). 

A booklet discussing some of the aspects of DTA and 
giving an exhaustive bibliography of the literature prior 
to 1951 was written by Smothers, Chiang, and Wilson 
(16). 

An important development in DTA occurred in 
1944 when Spiel (/7) derived equations showing that 
the area under a peak in the DTA thermograph is pro- 
portional to the heat of reaction if certain conditions 
are met. These conditions are (1) that the sample hold- 


Differential Thermal Analyzer and Accompanying Circuit 
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ers containing the inert and active materials, respec- 
tively, have the same shape; (2) that the temperature: 
of their surroundings be the same; (3) that the thermal 
conductivity and heat capacity of the material in the 
sample holders be alike; and (4) that there be no ther- 
mal gradients in the samples. Conditions (1) and (2) can 
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Figure2. Cross-Section Showing Construction of Differential Thermal 
Analyzer 


DTA 


Figure 3. Differential Thermal Analysis Circuit 
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be met by proper design of apparatus. Condition (3) 
is satisfied if the active substance is mixed with suff. 
cient inert material so that its thermal properties are 
essentially those of the inert material. A thermal gra. 
dient in the sample cannot be avoided but apparently it 
has little influence on the results if it remains constant. 
This is evident from the work of Wittels (18), who ex- 
perimentally verified Spiel’s equation. Barshad (19) 
critically discusses the method of calibration. More. 
head and Daniels (20) and Kurath (2/) have used this 
technique to measure the energy stored in certain min- 
erals by alpha-particle bombardment. 

The growing interest in DTA, together with the fact 
that the necessary apparatus can be easily and inexpen- 
sively constructed, suggests that a laboratory experi- 
ment might be welcome. The following apparatus and 
experiments have been prepared for use in the physical 
chemistry laboratory at the University of Wisconsin. 


APPARATUS 


Apparatus which is suitable for work to 360°C. is 
shown in Figures 1 and 2. It consists of two aluminum 
blocks (brass would also be suitable), the lower one 4 
containing the differential thermocouple and the upper 
one B serving as sample holder and furnace. In this 
manner the two junctions of the thermocouple are 
imbedded in the active and inert materials, respectively. 
The thermocouple is made of 28-gage platinum and 
platinum-10 per cent rhodium wire. It is important 
that the thermocouple junctions be as small as pos- 
sible since the sensitivity is very much dependent on 
their heat capacity and thermal conductivity. They 
are insulated from the block by thermocouple beads (not 
shown). The base of block A is a transite disc. 

Block B has three holes in the center. The outer 
ones, S and S’, are the sample holders while the center 
one 7’ accommodates a 360° thermometer. By means 
of pin P the sample holders are lined up above the 
thermocouple junctions, TC and TC’. The vertical 
rod of A is 0.015 inches longer than the hole in B which 
accommodates it. In this way, a snug fit at the base 
of the sample holders is assured. The outer casing of 
B is cut from transite pipe. The heating coil consists 
of 71/2 feet of 24-gage nichrome wire to give a total re- 
sistance of 12 ohms. The jeads from the coil run to the 
transite wall where they are connected to the Variac 
leads by means of jack and plug contacts. The coil is 
insulated from the block by asbestos stripping. The 
thermocouple junctions are connected to a Leeds and 
Northrup model 2430 galvanometer G, or other suit- 
able galvanometer, as indicated in Figure 3 where r 
and v are 50-ohm variable resistors, v serving as a volt- 
age divider to control the sensitivity and r serving to 
maintain the proper damping resistance. The use of 
a continuously-recording potentiometer in place of the 
galvanometer gives considerably better results. A cir- 
cuit used at this university for research purposes con- 
sists of a Liston-Becker model 14 d.-c. breaker-amplifier 
together with a Brown recording potentiometer, having 
a scale of from 0 to 20 millivolts. 
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An approximately constant temperature rise is ob- 
tained by periodically advancing the Variac. The 
precise schedule for advancing the Variac is supplied 
to the student prior to the experiment. 


EXPERIMENTAL PROCEDURES 


It has been mentioned previously that dilution of the 
active substance with inert material is necessary if the 
areas under the peaks are to be used for calculations. 
There are two other reasons why this procedure should 
always be followed. One is that an undiluted sub- 
stance may stick to the thermocouple junction as a 
result of fusion. Damage to the thermocouple junc- 
tion may result during an attempt to remove it. The 
other reason involves baseline drift. In the absence 
of a reaction one would expect the differential thermo- 
graph to consist of a straight horizontal line, since the 
galvanometer reading should remain constant with tem- 
perature. This line is referred to as the baseline. If 
the heat capacities and thermal conductivities of the 
two samples are not the same the baseline will be dis- 
placed. This displacement appears to be directly pro- 
portional to the rate of temperature rise. It is a con- 
stant displacement if the rate of temperature rise is 
constant; its magnitude depends upon this rate. It 
will vary if the rate of temperature rise is varying. 
Thus, baseline drift will be particularly noticeable when 
the Variac is first turned on or advanced. 

A baseline displacement is frequency observed after a 
reaction has occurred. This has been attributed to the 
change in heat capacity and thermal conductivity of 
the material as a result of the reaction. The baseline 
drift is sometimes observed even if the above precau- 
tions are taken. This is believed to be due to irregu- 
larities in the packing of the samples. 

The inert material commonly used is calcined alu- 
mina or silica. These may not be inert at elevated tem- 
peratures if the active material is highly basic or acidic, 
but no trouble should be encountered in the tempera- 
ture range of the apparatus described here. Both the 
inert and active substances should be ground to approxi- 
mately 100-200 mesh. Some substances are available 
only in the form of extremely fine powders. In these 
cases, correspondingly fine inert material is recom- 
mended. 

If the apparatus is to be used for calorimetric deter- 
minations, it must be calibrated with substances of 
known heats of reaction. Calibration must be per- 
formed over the complete range of temperature since 
the sensitivity varies with temperature. This is prob- 
ably due to variation of the thermal e. m. f. of the 
thermocouple and the variation of the thermal gradient 


in the sample with temperature. Barshad (19) recom-_ 


mends using the heats of fusion of the following com- 
pounds for calibration: m-dinitrobenzene (m. p. 90°C., 
AH. 24.7 cal./g.); o-dinitrobenzene (m. p. 117°C., 
AH mus. 32.3 cal./g.); benzoic acid (m. p. 122°C., AH rs. 
33.9 cal./g.); AgNOs (m. p. 212°C., AH tus. 16.7 cal./g.); 
und NaNO; (m. p. 307°C., AH tus. 45.3 cal./g.). 
Certain peaks may not appear unless the proper 
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BaCl,-2H20 


CdCl,-2$H,0 


CuSO,'5H,0 


KHCO, 


-— 


KHPhthalate 

Temperature 
200° 300° 


Figure 4. Differential Thermographs 


heating rate is used. Thus, too high a heating rate 
may have the effect of causing closely adjacent peaks 
to appear as a single one (22). Too low a heating rate 
on the other hand, may cause a peak to become so 
flattened out that it cannot be distinguished from the 
baseline scatter. This occurs in the case of the 260° 
copper sulfate peak (shown in Figure 4) when a heat- 
ing rate of five degrees/minute is used. An excellent 
discussion of some of the experimental factors involved 
is given by Grim (23). 

In all cases, a mixture containing 50 per cent of ac- 
tive material is used. About 0.12 g. of this mixture and 
the same amount of silica powder constitute the sam- 
ples. They are firmly packed down by means of a small 
metal rod. The galvanometer sensitivity should be 
adjusted to accommodate all readings. An_ initial 
setting of 3 on a scale running from 0 to 10 is advisable 
where increasing readings indicate an endothermic re- 
action. The proper sensitivity setting is determined by 
trial and error since it depends very much on the size 
of the thermocouple junctions. This information 
should be supplied to the student. Galvanometer 
readings are recorded for every five-degree rise on the 
thermometer until the reaction occurs, then at one- or 
two-degree intervals. 

BaCl.-2H:0, CdCl,-2'!/2 H,O, and CuSO,-5H20 have 
been chosen as substances to illustrate stepwise de- 
hydration, although many other hydrates would be 
equally suitable. The decomposition of KHCO; to 
K.CO; is an example of an inorganic decomposition, 
and that of potassium acid phthalate an organic de- 
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Summary of Peak Data 
Number 
Compound of peaks T 
2 150° 
CdCl,-2!/2H:0 2 1 90° 
2 126° 
CuS0,-5H,0 3 (4) 95° 
3 130° 
4 260° 
KHCO; 1 1 175° 
KHPhthalate 1 1 275° 
composition. An experiment using inert material in 


both sample holders is carried out to determine how 
much of the pattern is due to spurious fluctuations. A 
heating rate of five degrees/minute is used except in 
the cases of CuSO,5H:O and BaCl,-2H,O where the 
rate is ten degrees/minute. All the above reactions are 
endothermic. 


RESULTS OF TYPICAL EXPERIMENTS 


The resulting curves are shown in Figure 4. By con- 
vention, an endothermic peak is drawn below the base- 
line and an exothermic peak above. The table sum- 
marizes the data concerning the number of peaks and 
the temperatures at which they first become noticeable, T. 
This is referred to as the “reaction temperature.” 

T is the temperature at which the reaction begins to 
proceed at an appreciable rate. It is not the equilibrium 
decomposition temperature which, of course, is a 
thermodynamic property. It is the temperature (at a 
given pressure) at which AF is zero. Above this tem- 
perature AF is negative and the reaction proceeds 
spontaneously, but there is no information concerning 
the rate of decomposition. In most cases one must go 
to a temperature considerably above the equilibrium- 
decomposition temperature before the decomposition 
actually occurs at a noticeable rate. What one obtains 
by DTA is the temperature at which the reaction takes 
place rapidly. 

Reaction temperatures, 7’, are somewhat dependent 
upon the apparatus and procedures followed. A com- 
parison of DTA curves on standard samples was made 
in 31 laboratories under the auspices of the Comité 
International pour L’étude des Argiles (24). Consider- 
able variation in the reaction temperatures was reported. 

Under certain circumstances, the first CuSO,5H,0 
peak may appear as a closely spaced doublet. This 
was first observed by Taylor and Klug (25) and cited 
by them as evidence for the existence of a tetrahydrate. 

The heats of reaction for the formation of the tri- and 
monohydrates of copper sulfate are as follows (26): 
CuS0,-5H;0 CuS0,3H,0 + 2H;0(g) 

A Hog = 26.6 kcal./mole 

CuS0,-:3H:0 CuSO,-H.O 2H.0(g) 

= 27.7 kcal./mole 

Thus, one would expect the areas of the 95° and 130° 
peaks to be approximately equal, as is observed. 


JOURNAL OF CHEMICAL EDUCATION 


If a known quantity of CuSO,-5H,0 is used and the 


,peak areas measured, an approximate calibration can 


be obtained. The total heat absorbed by the sample is 
calculated from the known heat of reaction. This to- 
gether with the measured peak area gives the area per 
calorie absorbed. The first two copper sulfate peaks, 
corresponding jointly to the reaction, 


CuSO,-5H,0 — CuS0,-H.0 + 4H,0(g) 
AHog, = 54.3 kcal./mole 


should be used. This is because complete resolution 
between the peaks is not obtained and because a larger 
area can be measured more accurately. With this cali- 
bration the heats of reaction of the other compounds 
studied can be obtained. Once again a known quan- 
tity of sample is used and the peak area measured. 
From the peak area and the calibration, the total heat 
absorbed is determined. This together with the weight 
of sample used gives the heat of reaction per mole. 
This is compared to the known heats of reaction (26). 
Agreement within 15 per cent is expected. 

Potassium acid phthalate gives additional peaks at 
elevated temperatures. Exothermic peaks were ob- 
served at 337° and 475° in this laboratory with other 
apparatus. Since the 337° peak extends into the re- 
gion beyond 360°, the limit of the ordinary mercury 
thermometer, it is recommended that the student termi- 
nate this experiment at 330°. 

The CdCl,-2'/. sample should be freshly pre- 
pared for each experiment. It was found that samples 
which were allowed to stand open for two days lost 
their first peak. This is presumably due to efflorescence 
to the monohydrate. 

The experiment with BaCl.-2H,O shows how DTA 
may be used to detect and aid in the establishment of 
new phases. Until recently the existence of the mono- 
hydrate had been open to question. Thus, Sidgwick 
(27) was prompted to say that the dihydrate was stable 
to at least 60°C., and that ‘“‘the nature of the solid phase 
above this temperature is uncertain.” The differential 
thermograph clearly shows the two-stage decomposi- 
tion. It also gives the temperature region in which the 
intermediate phase might be found if BaCl.-2H:O is 
heated under conditions similar to those in differential 
thermal analysis. Thus, the compound may be iso- 
lated, its characteristic X-ray pattern determined, and 
its composition established by chemical analysis. 


ACKNOWLEDGMENT 


This work was carried out at the suggestion of Pro- 
fessor Farrington Daniels whose advice and encourage- 
ment is gratefully acknowledged. 


LITERATURE CITED 


(1) Le Cware.rer, H., Bull. soc. franc. Mineral., 10, 204 
(1887). 

(2) Prrist, R., anp F. Marru, Rend. seminar fac. sci. univ. 
Cagliari, 22, 81 (1952); ibid., 163 (1952); Ann. chim. 
(Rome), 43, 574 (1953); Chimica (Milan), 8, 188 (1953); 
ibid., 283 (1953). 

(3) Morira, H., anp H. M. Rics, Anal. Chem., 27, 336 (1955). 


a yOLU 
(6) 
(7) ¢ 
(8) 
| 
(11) § 
(12) 
(13) 
(14) 
) 
(15) 
(16) 
fron 
out 
dise 
that 
out 
por 
clue 
ject 
for 
gen 
mai 
kne 
1 
att 
apo 
2 
Nev 
Her 
L. 
Hil 
“yy 
Co 
Au 
Va 
In 
Ph 
to 
50: 


ICATION 


and the 
tion can 
ample is 
This to- 
area per 
€ peaks, 


cal./mole 


solution 
a larger 
his cali- 
1pounds 
n quan- 
2asured. 
tal heat 
weight 
r mole. 
(26). 


eaks at 
are ob- 
h other 
the re- 
lercury 
termi- 


ly pre- 
amples 
ys lost 
scence 


‘DTA 
ent of 
mono- 
igwick 
stable 
phase 
rential 
nposi- 
ch the 
1:0 is 
ential 
e iso- 
1, and 


Pro- 
lrage- 


univ. 
chim. 
1953); 


955). 


VOLUME 33, NO. 3, MARCH, 1956 


(4) SHarcoropsku, 8. D., anv O. I. Suor, Ukrain. Khim. 
Zhur., 16, 426 (1950). 

(5) Rov, T. V., Doklady Akad. Nauk S. S. 8. R., 91, 313 (1953). 

(6) Keenan, A. G., J. Am. Chem. Soc., 77, 1379 (1955). 

(7) Gorpon, 8., anp C. Camppe.i, Anal. Chem., 27, 1102 
(1955). 

(8) Katousex, G. L., anp D. Mut, J. Am. Ceram. Soc., 37, 38 
(1954). 

(9) Guts, E. D., er au., J. Am. Chem. Soc., 76, 5239 (1954); 
ibid., 5249 (1954). 

(10) Krisuna Prasap, N. S., anv C. C. Paren, J. Indian Inst. 
Sci., 36A, 23 (1954). 

(11) Smoruers, W. J., anv Y. Catana, Proc. Intern. Symposium 
Reactivity of Solids, Gothenburg 1952, Pt. 501-4. 

(12) Auprretu, L. F., J. R. Miuus, anp L. E. NETHERTON, J. 
Phys. Chem., 58, 482 (1954). 

(13) Martin, P., ano J. Jarrray, Compt. rend., 236, 1755 (1953). 

(14) Retsman, A., and F. Hourzperc, J. Am. Chem. Soc., 77, 
2115 (1955). 

(15) Karan, C., J. Am. Chem. Phys., 22, 957 (1954). 

(16) Smoruers, W. J., Y. Cutanac, anp A. Witson, Univ. Ar- 


107 


kansas Inst. Sci. T'echnol., Research Ser., No. 21, 1-44(1951). 

(17) Spret, S., Rept. Inv. No. 3764, Bureau of Mines, U. 8. 
Dept. of Interior, 1944. 

(18) Wrrrets, M., Am. Mineralogist, 36, 615 (1951). 

(19) Barsuap, I., Am. Mineralogist, 37, 667 (1952). 

(20) Moreueap, F. F., anp F. Danrets, J. Phys. Chem., 56, 546 
(1952). 

(21) Kunarn, 8. F., Thesis, University of Wisconsin, 1953. 

(22) Coutrns, G. A., anp G. A. Swan, Trans. Can. Inst. Mining 
Met., 57, 331 (1954). 

(23) Grim, R. E., Ann. N. Y. Acad. Sci., 53, 1031 (1951). 

(24) Macxenzin, R. C., anp K. R. Farquuarson, Congr. 
geol. intern. Compt. rend. 19th Sess. Algiers, 1952, No. 18, 
183 (1953). 

(25) Taytor, T. I., ano H. P. Kiva, J. Phys. Chem., 4, 601 
(1936). 

(26) Rosstn1, F. D., er Au., “Selected Values of Thermodynamic 
Properties,’ National Bureau of Standards Circular 500 
(1952). 

(27) Stpewickx, N. V., “Chemical Elements and their Com- 
pounds,’’ Clarendon Press, Oxford, 1950, p. 252. 


Ir 1s possible, unfortunately, to gain the impression 
from numerous textbooks that chemistry developed 
out of alchemy after certain alchemical beliefs had been 
discarded.? It is even easier to gain the impression 
that chemistry developed out of a vacuum, or at most 
out of the structural atom, if one examines contem- 
porary textbooks most of which give the student no 
clues regarding the origin and development of the sub- 
ject. This latter impression is particularly deplorable 
for it is bringing about the development of a whole 
generation of scientists trained in a supposedly logical 
manner but without any appreciation of where the 
knowledge came from or how it was worked out. 


1 Presented before the Division of History of Chemistry 
at the 128th Meeting of the American Chemical Society, Minne- 
apolis, September, 1955. 

? For example, see Kina, G. B., anp W. E. CaLpwELL, “Funda- 
mentals of College Chemistry,’’ 2nd ed., American Book Co., 
New York, 1954, pp. 5-6; P. W. Setwoop, ‘‘General Chemistry,” 
Henry Holt and Co., New York, 1954, p. 11; G. W. Warr anv 
L. F. Hates, “The Science of Chemistry,’’ 2nd ed., McGraw- 
Hill Book Co., New York, 1954, pp. 4-6. 

3 A few rare exceptions are ParkEs, G. D., anp J. W. MELLOor, 
“Mellor’s Modern Inorganic Chemistry,’”’ Longmans, Green and 
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Co., London, 1939, pp. 4-11 et passim; W. Foster anv H. N.° 


Atyga, ‘An Introduction to General Chemistry,’”’ 3rd ed., D. 
Van Nostrand Co., Inc., New York, 1947, pp. 1-12; E. Rocuow 
AND M. K. Wuson, ‘“‘General Chemistry,” John Wiley & Sons, 
Inec., New York, 1954, pp. 549-58; W. F. Luper, A. A. VERNON, 
AND §. Zurranti, ‘General Chemistry,’’ W. B. Saunders Co., 
Philadelphia, 1953, pp. 16-23; R. T. Sanperson, ‘Introduction 
to Chemistry,” John Wiley & Sons, Inc., New York, 1954, p. 
504. 


THE PILLARS OF MODERN CHEMISTRY’ 


AARON J. IHDE 
University of Wisconsin, Madison, Wisconsin 


Not nearly as damaging but still serious is the 
opinion that chemistry grew solely out of alchemy. 
This has sufficient truth in it to be easily acceptable 
to those who would not explore the problem further, but 
it is true only if a much broader interpretation than is 
proper is placed on the word “alchemy.”” A more real- 
istic viewpoint is to recognize that chemistry has three 
sources, or pillars: medicine, alchemy, metallurgy. 
When placed on a foundation of experiment all three 
fields contributed materially to the support of chemistry. 

It is generally agreed that modern chemistry began in 
the second half of the eighteenth century with the funda- 
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mental investigations of Black, Cavendish, Priestley, 
and Scheele, and the conceptual synthesis of Lavoi- 
sier. These developments were possible because there 
had accumulated by then a mass of knowledge, largely 
empirical, about chemical substances, operations, and 
apparatus which was necessary for further develop- 
ment. This knowledge came not from alchemy alone, 
but from medicine and metallurgy as well. 

It may of course be argued that these two latter fields 
were merely branches of alchemy. This dignifies 
alchemy with a scope far beyond its real intent. The 
fact that the alchemist concerned himself with metals 
did not make him a metallurgist. The alchemist was 
concerned with the perfection of metals, the transmu- 
tation of base metals into silver and gold. The metal- 
lurgist was concerned with the production of commer- 
cial metals from ores. The alchemist was a philosopher 
often more concerned with his concepts than with his 
operations. The metallurgist was a practical man, 
usually unlettered, and usually unconcerned with con- 
cepts except where his superstitions influenced his 
thought, but much concerned with operations. He was 
an artisan rather than a scientist, but with an empirical 
knowledge of minerals and metals that put the more 
learned alchemist to shame. 

With medicine, too, it may be argued that since the 
alchemist concerned himself with the “elixir of life’ 
he was a medical man and that medicine was properly 
a part of alchemy. Here again, alchemy is dignified 
with too broad a scope. The fact that physicians and 
apothecaries many times showed an interest in alchemy 
did not make medicine a branch of alchemy. Medicine 
had as its proper function the treatment of the sick. 
Search for the elusive elixir was hardly the major func- 
tion of either medicine or alchemy. Furthermore, the 
medical interest of alchemists, in the earlier days at 
least, hardly extended beyond the elixir goal. 

The sixteenth century, by which time alchemy had 
made its primary contributions to chemistry and was 
in a state of decline, saw medicine and metallurgy begin 
to contribute heavily to the field which was to become 
modern chemistry. This does not mean that there 
had not been earlier contributions; it merely means 
that a major flow of contributions which has never 
dried up first burst forth in the sixteenth century. 


ALCHEMICAL INFLUENCES 


Although the alchemists have been much maligned 
by the textbook writers they are not all as contemptible 
as they have been painted. While some of them were 
frauds there were also some who were sincere and 
scholarly. Let it not be forgotten that even today 
science has its charlatans as well as its scholars. The 
lack of significant progress during the many centuries 
that alchemy flourished was due not to the fraudulent 
alchemists but to the erroneous philosophy of matter 
which the sincere alchemists followed. Their concept 
of the four elements and four qualities suggested the 
perfection of metals, a goal constantly sought but never 
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realized. It was only when this philosophy of maiter 
-was abandoned in favor of the fixity of elements that 
modern chemistry could begin. 

Nevertheless, the centuries of alchemical search for 
the philosopher’s stone were not a total loss. There 
was built up by the alchemists a body of empirical 
knowledge which was essential to the development of 
chemistry itself. The acquired knowledge of methods 
was fundamental to the rapid progress chemistry has 
made. Distillation, sublimation, filtration, heating, 
digestion, solution, precipitation, and extraction were 
all well developed during the alchemical period. 

Apparatus was adapted from the smithy and kitchen 
to chemical purposes. The modern vessels for storing, 
transferring, fusing, manipulating, and distilling are re- 
fined versions of the flasks, beakers, crucibles, and stills 
of the alchemists. 

Knowledge of chemicals is also to the credit of the 
alchemists. They passed on their “know how” for 
preparing numerous salts (alums, vitriols, borax, sal 
ammoniac, saltpeter), alkalies (lime, natron, potash, 
hydroxides of caicium, sodium, potassium, ammonium), 
acids (acetic, sulfuric, nitric, aqua regia), and alcohol. 
While their theoretical interpretation of their operations 
was often a hindrance to chemistry their practical 
knowledge was a boon.‘ 


MEDICAL INFLUENCES 


The medical background of modern chemistry is 
usually treated adequately by historians of chemistry 
under the term “iatrochemistry.”” There are even a 
few textbook writers who make a passing reference to 
the iatrochemists. The chemical trend that was given 
to medicine by Paracelsus and his followers bas been of 
sufficient human interest to receive proper attention. 
The controversial character of Paracelsus himself, the 
overenthusiasm of his followers for chemical medicines, 
and the antagonism of traditional physicians has gen- 
erally resulted in the dignifying of iatrochemistry by a 
chapter in the histories of chemistry. 

Medical interest in chemistry even antedates Paracel- 
sus. The preparation of drugs by the distillation of all 
sorts of organic 1aaterials was advocated by Brun- 
schwygk and treated at length in his books on the sub- 
ject.2 Through the application of steam distillation 
it was believed that active medicinal agents could be 
separated from nonessentials. The subject continued 
to receive the attention of medical men, the works of 
Ulstadt, Matthiolus, Gesner, and della Porta being 
particularly important.® 


4 Taytor, F. S., “The Alchemists,” H. Schuman, New York 
1949, passim. 

5 Brunscuwyck, H., “Liber de arte distillandi de simplicibu: 
oder Buch der rechten Kunst zu Distillieren die eintzigen Dinge,’ 
Johann Griininger, Strassburg, 1500. This was followed in 1512 
by Brunschwygk’s “Liber de arte distillandi de compositis.’’ 
Both books were frequently reprinted, translated, excerpted, and 
supplemented. 

6 Forses, R. J., “Short History of the Art of Distillation,” 
E. J. Brill, Leiden, 1948, Chap. 5. 
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Following Paracelsus, the importance of chemistry 
in preparing drugs was enthusiastically adopted by such 
medical men as Toxites, Dorn, Adam of Bodenstein, 
Suchten, and Oswald Croll. Sylvius de la Boé de- 
veloped Paracelsian medicine into a system by consider- 
ing the human body as a chemical device. Even more 
level-headed men such as Libavius, van Helmont, 
Tachenius, and Glauber were strongly influenced to 
exploit the relationships between chemistry and medi- 
cine. The stimulus of medicine resulted in slow but 
steady progress in understanding the organic world. 


METALLURGICAL INFLUENCES 


Throughout history the smith has been a practical 
chemist but his influence was not strongly felt before 
the sixteenth century because, being unlettered, he left 
no written works. By that century, however, mining 
and smelting operations in Germany and Italy reached 
such proportions that mine supervisors and local phy- 
sicians began writing about the subject. 

Early in the century there began to appear various 
anonymous “Berg-, Probier-, and Kunstbiichlein,” ac- 
tually “‘do it yourself” books for the artisans of that day.” 
The “Probierbiichlein” dealing with the assaying of 
metals is important for the practical chemistry which 
it contains. 

The first comprehensive treatise on mining and metal- 
lurgy was that of Biringuccio, “De la pirotechnia,” 
written in Italian and published posthumously in 1540.* 
The work was the result of the author’s experience as a 
supervisor of mines and smelting in Italy. It shows a 
maturity and organization notably dissimilar from the 
disordered “Biichlein.” Its usefulness is attested by 
the publication of nine editions before the end of the 
seventeenth century. 

Despite its quality, Biringuccio’s treatise never 
achieved the fame of Agricola’s ‘De re metallica,’’ pub- 
lished posthumously in 1556. Agricola, born Georg 
Bauer, spent his lifetime as a physician among the 
miners of Saxony and Bohemia where he became so 
familiar with geology, mining, and metailurgy that be- 
tween 1530 and the time of his death in 1555 he had 
Written several Latin works on these subjects. One 
such work was ‘De re metallica’”’ which was beautifully 
printed in folio by Froben of Basel and illustrated with 
271 well-executed woodcuts of mining, smelting, and 
chemical operations. 

Still another work worthy of mention is that of Laz- 


E., “Beérg-, Probier-, and Kunstbiichlein,”’ 
Miinchner Drucke, Munich, 1922; A. Stsco, [sis, 43, 337 (1952). 
An English translation has been prepared by A. Stsco anp C. 8. 
Surra, “Bergwerk- und Probierbiichlein,’’ American Institute 
of Mining and Metallurgical Engineers, New York, 1949. 

*An English translation was prepared by Smira, Cyrit &., 
AND Martua Gunpt, “The Pirotechnia of Vannoccio Biringuccio,”’ 
American Institute of Mining and Metallurgical Engineers, 
New York, 1942. 

* An English translation was prepared by Hoover, HERBERT 
C., 1np Lou Henry Hoover, ‘“Georgius Agricola de re metal- 
lica,”’ The Mining Magazine, London, 1912; reprinted by Dover 
Press, New York, 1950. 
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arus Ercker,"® chief superintendent of mines and comp- 
troller of the Holy Roman Empire and Kingdom of Bo- 
hemia. Ercker’s treatise was highly prized for its 
accurate representation of factual material unvarnished 
by contemporary theoretical ideas. 

All of these books were sound chemical works. In 
fact, they were more than metallurgical treatises. Per- 
haps the term “mineralogical arts’ might be more 
suitable since it would include within its scope the pro- 
duction of acids, alum, sal ammoniac, vitriols, saltpeter, 
pigments, and glass. However, since many of these 
substances were produced and used in connection with 
metallurgy or were discovered in connection with such 
operations, it is perhaps permissible to use the term 
metallurgy to include such fringe operations. 

The influence of mineralogical arts on chemistry is 
seen not only in the works just cited but in the succes- 
sion of such works in subsequent centuries and in the 
fact that mineralogical and chemical interests were 
often found in the same person in the eighteenth and 
nineteenth centuries. The Swedish chemists are excel- 
lent examples. Brandt, Cronstedt, Bergman, Scheele, 
Gahn, Gadolin, Hjelm, and Berzelius were all deeply 
interested in the chemical nature of minerals. The 
Spaniards del Rio, de Ulloa, and the d’Eluyar brothers 
had similar interests. The work of Klaproth and 
Vauquelin also comes to mind. Even in America it 
was customary for professors of the nineteenth century 
to combine geology and chemistry, e. g., Robert Hare, 
Thomas Cooper, the two Benjamin Sillimans, Amos 
Eaton, and Charles Frederick Chandler. Siegfried, in 
his recent study of early chemical investigation in 
America,!! bears out the importance of mineralogical 
chemistry. In his analysis of 2080 chemical papers 
published by Americans up to 1880 he found that 442, 
or 21.2 per cent, had a mineralogical content. If one 
considers only papers published up to 1855, after which 
organic studies became numerous, mineralogical chem- 
istry accounts for 32 per cent of the papers, or 192 of a 
total of 601. 

Despite the importance of the mineralogical arts to 
the development of chemistry, they rarely receive the 
attention they deserve. The popular histories of 
chemistry seldom make more than passing reference to 
the metallurgical writers of the sixteenth century and 
generally do so in the chapter on iatrochemistry! This 
is the case with Partington, '* Moore, '* Hilditch,'* Holm- 


10 ErcKeEr, L., “Beschreibung Allerfiirnemisten Mineralischen 
Ertzt und Bergwercks arten,’’ Georgen Schwartz, Prague, 1574. 
An English translation has been made by A. G. Sisco anp C. S. 
Smith, “Lazarus Ercker’s Treatise on Ores and Assaying,” 
University of Chicago Press, Chicago, 1951. 

11 SIEGFRIED, R., ‘“‘A study of chemical research publications 
from the United States before 1880,” Ph.D. Thesis, University 
of Wisconsin, 1952, pp. 48, 85. 

12 PartINGTON, J. R., “A Short History of Chemistry,’’ 2nd 
ed., Macmillan and Co., London, 1948, p. 55. 

13 Moorg, F. J., anp W. T. Hatt, ‘‘A History of Chemistry,” 
3rd ed., McGraw-Hill Book Co., New York, 1939, pp. 35-6. 

14 Hitpitcu, T. P., “A Concise History of Chemistry,’’ 2nd 
ed., Methuen and Co., London, 1922, pp. 70, 131, 164. 
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yard, Venable, and Fiertz-David.'’ Each of these Kopp treats the time as the period of medical chemistry, 
authors spends little more than a paragraph on Agri-- sandwiching Agricola between Paracelsus and Thurn- 
cola, treating him along with the medical writers. heysser®* while making only the barest reference to 
Though Agricola was a physician-he has no importance __ Biringuccio** and never mentioning the ‘“Probierbiich- 
whatever as an iatrochemist, and treating him as an _lein’”’ or Ercker. Only Hoefer,* of the early or recent 
afterthought along with such medical figures as Paracel- historians, placed proper emphasis on the activities of 
sus, Libavius, Van Helmont, and Glauber distorts his the metallurgists. He, too, fails to mention the “Pro- 
real importance in the development of chemistry. bierbiichlein” or Ercker though he gives metallurgical 
Farber" handles the period much more realistically, chemistry a chapter along with chapters on iatrochem- 
giving attention not only to Agricola but to Biringuccio. istry, technological chemistry, and alchemy when treat- 
Leicester and Klickstein’ have also included selections ing the sixteenth century. 
from both of these writers in their source book.- Brown” Tn concluding, one cannot help but agree with Cyril 
devotes a short chapter to the metallurgists. Stillman?! §. Smith who recently wrote:* 
Wweate them adequately though mixing them indiscrim- Anyone who studies the writings of Ercker and the other 
inately with the iatrochemists. Von Meyer” gives  assayers comes to feel that their importance has not been sufi- 
them only passing reference. Even the exhaustive ciently stressed by historians of chemistry. The assayer de- 
serves as much credit as the observational astronomer for pro- Berio 
Hotmyarp, E. J., “Makers of Chemistry,’ Clarendon Press, viding numerical data and establishing the tradition of accurate 
Oxford, 1931; mentions none of the metallurgical writers. measurement without which modern science could not have correl: 
16 VENABLE, F. P., ‘History of Chemistry,’ Heath and Co., arisen. Though more of a craftsman than a scientist and more their 
Boston, 1922, p. 27. concerned with utility than with intellectual beauty, the assayer each 1 
" Frertz-Davip, H. E., “Die Entwicklungsgeschichte der nevertheless collected a large portion of the data on which Bwhich 
Chemie,” 2nd ed., Verlag Birkhauser, Basel, 1952, pp. 114-7. chemical science was founded. the pe 


E., “The Evoluti f Chemistry,” Ronald Press, 
New York, 1952. pp. 49, 55, 60, 80. ee enya It would appear that metallurgy, beside alchemy and am 
ano 


1 Leicester, H., anv H. Kuicxstern, “A Source Book in medicine, is truly a pillar of modern chemistry, albeit a 


Fron 


books 


Chemistry,” McGraw-Hill Book Co., Inc., New York, 1952, pp. most neglected one. Mir 
4-15. mav d 
2” Brown, J. C., “A History of Chemistry,” J. and A. Churchill, 23 Kopp, H., “Geschichte der Chemie,” F. Vieweg, Braun- 
London, 1913, pp. 215-9. schweig, 1843-47, Vol. 1 of 4 vols., pp. 104-7, et passim. (1) 

21 SrruiMaN, J. M., “The Story of Early Chemistry,’ D. Apple- 24 Tbid., Vol. 3, p. 221. (cl, C 
ton and Co., New York, 1924, pp. 328-46. % Hoerer, F., “Histoire de la chimie,’’ 2nd ed., Didot Freres, D 
22 Meyer, E. von, ‘“‘A History of Chemistry,” translated from Paris, 1869, Vol. 2 of 2 vols., pp. 38-66. (2) 
the German by G. M’Gowan, Macmillan and Co., London, 1891, % An English translation of Ercker, op. cit., by Stsco anp§ (3) 
pp. 84-5. SMITH, op. cit., p. xv. 
(4) 
(5) 
(6) 
Wh 
MORE MNEMONICS =— 
For Remembering the Activity Series of the Metals: 
“Kentuckians never can manage alcohol magnanimously, zeolots claim. Firewater nightly | 
stirs pugnacious humans, cancels bonds of sanctity, hideously agitating potential anarchy.’’ The Li 


first letter of each word is the initial letter in the symbol of the elements as they ordinarily occur 
in the activity table (see, for example, Enret, W. F., “Smith College Chemistry,’’ 6th ed., D. N 
Appleton-Century Co., New York, 1946, p. 75): potassium, sodium, calcium, magnesium, alumi- 
num, manganese, zinc, chromium, iron, nickel, tin, lead, hydrogen, copper, bismuth, antimony, 
mercury, silver, platinum, and gold. R 


For Remembering the Lanthanum Series, or Rare Earth Elements: 


‘Ladies can’t put nickels properly in slot-machines. Every girl tries daily, however, every . 
time you look,”’ gives the first letters of lanthanum, cerium, praseodymium, neodymium, promethi- (I 
um, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytter- 
bium, lutetium. (Acknowledgment for this mnemonic goes to Dr. Scheldelin of Oregon State Col- (1 
lege. ) * Ag 
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MINERAL SOURCES AND EXTRACTION 


METHODS FOR THE ELEMENTS 


From an examination of a number of elementary text- 
books in chemistry, it has become apparent that the 
periodic classification is seldom stressed as a means of 
correlating the common sources of the elements with 
their extraction procedure. These two features are 
each necessarily related to the nature of the element, 
which in turn depends upon the position it occupies in 
the periodic classification. It is, therefore, to be ex- 
pected that the two features should be related to one 
another. 

Mineral sources may be variously classified’ but we 
may distinguish the following broad types: 


(1) Alumino-silicates and soluble salts 


(Cl, CO, ete.) such as those at Stassfurt. 


(2) Insoluble carbonates and sulfates. 
(3) Oxides and mixed oxides (oxyacid ron 

. salts). >Siderophil 
(4) Free in the earth. (core) 
(5) Free in the atmosphere. Atmophil 
(6) Sulfides, with some oxides. Thiophil 


(intermediate zone) 


When demarcation lines are drawn over the periodic 


1 Grsson, D. T., Quart. Rev. Chem. Soc., London, 3, 263 (1949). 


A Correlation Based on Elements’ 
Positions in the Periodic Table 


RALPH HULME 
University College, Gold Coast, British West Africa 


classification the relation of element source to type of 
element is at once apparent (Table 1). 

Thus, it is no longer necessary to burden a student’s 
mind with the various mineral sources of calcium, for 
example. Reference to the general classification shows 
at once that carbonate or sulfate minerals would be ex- 
pected, just as sulfide and some oxide would be antici- 
pated for copper. 

Inevitably there are some shortcomings. Thus, 
lead occurs as sulfate and carbonate as well as sulfide 
and oxide, while the diagonal relations of lithium and 
magnesium, and of beryllium and aluminium are not 
emphasized. Nevertheless, exceptions are more easily 
remembered as such when there are clear guiding prin- 
ciples available. 

In passing, it is worth noting that many elements 
occur in nature as insoluble salts, these often being just 
the ones which are precipitated in group analysis. 

Besides compounds of the desired element, a mineral 
generally contains quantities of waste material which 
must be removed prior to extracting the element. The 
ore is usually crushed and the enriched mineral sep- 
arated? magnetically, by washing, or by froth flotation. 


2 E. B., anp C. L. Witson, “Inorganic Chem- 
istry,’’ Longmans, Green and Co., London, 1953, pp. 92 ff. 


TABLE 1 
Principal Types of Mineral Sources 

H 
Li Be | B C N ro) F 
Na Mg | Al _ Si Ss Cl 
Kk Ca | Se Ti Fe Co Ni Cu Zn Ga Ge _ As_ Se Br 
Rb | Sr | Y Ru Rh Pd “Ag Cd In Tej I 
Cs Ba | Lat Hf Os Ir Po (At) 
(Fr) | Ra | Act (4) (6) (2) 
| (2) (3) 


“ And the lanthanons. 
> And the actinons. 
* For explanation of numbers refer to the text. 
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In certain cases chemical methods of slag formation or 


volatile compound formation may be used. 
Extraction methods* can be grouped as follows: 


(1) Fractional distillation, for the naturally oc- 
curring gaseous elements. 

(2) Lixiviation, with cyanide or molten lead for the 
free noble metals, or with superheated steam for sulfur, 
etc. 

(3) Reduction processes, which have been con- 
sidered theoretically from the point of view of the free- 
energy change involved in MX—M.+4 

Reduction may be by: 


(a) Heat alone, e. g., HgO—- Hg + '!/2 Oc, the tem- 
perature required becoming greater the further away 
the element is from the noble metals. A variant of this 
method is the hot-wire thermal decomposition of halides 
which is especially valuable for elements of high 
melting point, incapable of being fused, e. g., boron, 
zirconium, etc. 

(b) The use of reducing agents, of varying power, 
suited to the particular case. Sulfides, which are gen- 
erally more difficult to reduce than oxides, can some- 
times be made to reduce themselves in a limited air 
supply: 

partly 
CuS ———> CuO; CuS + 2CuO0 ———> 3Cu + SO, 
But hydrogen, carbon, and calcium carbide are the more 
common agents used, sometimes at the temperatures 
attainable in an electric furnace, e. g.: 


V20; + 5C 2V + 5CO 


For basic elements, such as phosphorus, silica is added 
to the carbon used to reduce the oxysalt (phosphate). 


3 EpuriaM, F., “Inorganic Chemistry,” 6th ed., Oliver & Boyd, 
London, 1954, pp. 163-234; Ann. Rev. Chem. Soc., London, 40, 
68 (1943). 

4 Exvuineuam, H. J. T., J. Soc. Chem. Ind., 63, 125 (1944). 
II. H. Ketxoaa, J. Metals, 188, 862 (1950); 191, 137(1951). 
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(c) Replacement, either in the dry way by Gold. 
schmidt’s thermite process (using aluminum primed 
with a magnesium/peroxide mixture), e. g., for chrom- 
ium; or in the wet way using an amalgam, e. g., s0- 
dium amalgam for the lanthanons, and zine amalgam 
for indium and thallium. 


(4) Electrolysis, which is really a special case oj 
reduction and which is tending to supercede older re- 
duction methods where electricity ischeap. Depending 
upon which metal it is desired to prepare, fused hydrox. 
ides, chlorides, or mixed salts are generally used. The 
choice depends upon such factors as the diffusibility of 
the metal in its molten salt and the nature of the 
cathode deposit formed, e. g., alkali metals use hydrov- 


ides, while aluminum, niobium, etc., use double 
fluorides. 
(5) Oxidation, which may be chemical or, more 


usually, electrolytic, e. g., oxygen and the halogen 
family. 


Boundary lines, summarizing these groupings, can be 
drawn over the periodic classification (Table 2). 
Dotted boundaries are used near those elements equally 
well prepared by methods lying on each side of the 
boundary. A comparison of Tables 1 and 2 makes 
clear the broadly similar classification of mineral 
sources and extraction method. 

Once prepared, the crude element requires purifica- 
tion, but the methods employed are more difficult to 
coordinate neatly on account of the variety of special 
ones which are in use. Distillation, oxidation of im- 
purities with slag formation (acidic or basic), and 
electrolysis probably cover most elements. 

In conclusion, it may be of interest to make the 
correlations the result of a class assignment, for it is 
the writer’s opinion that a student remembers nothing 
so well as that which he has discovered and concluded 
for himself. The compilation of data can be kept 
quite simple by confining the search to two or three 
textbooks, from which data for the main type(s) of 


TABLE 2 
Extraction Methods for the Elements 

H He 

Li Be | B N .0” F Ne 
(3a,c)* (3b) 
Na Mg Al Si P s Cl A 
K. Ca|Se Ti V Cr Mn|Fe Co Ni *-Cu---Zn_ Ga! Ge As Se | Br | Kr 
Rb Sr | ¥ Zr Nb Mo (Tc) | Ru Rh _ Pd Ag. Cd In; Sn Sb_ Te} I X 
Cs Hf! Ta W Re | 0s Ir Pt Au| Hg Tl! Ph Bi Po | (At)} Rn 
(Fr) Ra | Ac = (2) (4) (5) | () 
(4) 


* For explanation of numbers, refer to the-text. 
And the lanthanons. 
¢ And the actinons. 
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mineral source and the main type(s) of extraction 
method can be gleaned. The information can be 
written in a space below each element in two duplicated 
periodic classifications, upon which the student may be 
encouraged to draw in his own boundary lines. 

One neat way to emphasize the similar classification 
of source and extraction method is to record all the data 
for the latter on tracing paper, which, after boundary 


1} 
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lines are drawn, can be placed over the corresponding 
mineral source diagram. 

Class discovery of correlations and classifications can 
be extended to cover numerous other elemental “prop- 
erties,” such as abundances, melting points, crystal 
structures, and hydride type, as well as to plot existence 
areas for such compounds as the metal carbonyls or 
nitrides. 


Tus year, 1956, marks the centenary of the birth of 
Edward Goodrich Acheson. To write of his life and 
work—other than setting down a chronological narra- 
tion—is not a simple task. His career was one of many 
facets, each of which reflected the traits and talents 
that made him one of the outstanding personalities of 
his time. 

One could shape an article or a biographical com- 
position around any of a number of themes to illus- 
trate his genius and point out the influence of his 
achievements upon present-day living. It would be 
possible, for exanple, to describe the trials and tribula- 
tions surroundit his preparation of silicon carbide in 
a crude plumber. bowl, the countless difficulties he 
overcame before he successfully fabricated grinding 
wheels from the hard, gem-like crystals, and the part 
these new, fast-cutting, abrasive forms played in mak- 
ing feasible the manufacture of machinery on a mass- 
production basis. 

A very readable story could be built on Acheson’s 
synthesis of pure graphite, the manner in which graph- 
ite electrodes came into being, and the function these 
large graphite slabs and cylinders performed in elec- 
trometallurgy and electrochemistry. One might wish 
to slant such a story to show how Acheson—the 
second individual to contract for Niagara power— 
used the electrical energy generated from the Falls to 
prepare chemically-resistant graphite anodes and 


cathodes, which in turn consumed additional Niagara . 


power to make the community on the brink of the 
cataract one of the most important chemical centers in 
the world. 

An adept writer might paint an interesting and 
inspirational word picture of Acheson’s explorations in 
the field of colloid chemistry—why he concluded that 


EDWARD GOODRICH ACHESON 


RAYMOND SZYMANOWITZ 
Acheson Industries, Inc., New York, N. Y. 


the Egyptians used straw in brick-making to improve 
the plasticity of their clays and increase the tensile 
strength of the end product; how he explained the for- 
mation of the Mississippi deltas, knowing that elec- 
trolytes precipitate materials in colloidal suspension; 
how he “deflocculated”’ or colloidalized his synthetic 
graphite, creating ultimately a series of colloidal prod- 
ucts which possess wide utility in such diversified 
fields as lubrication, electricity, electronics, metal- 
working, optics, biological research, and photography. 

Another approach for an author could be that deal- 
ing with the interrelationship of Acheson’s major con- 
tributions to mankind. His electrodes have made 
possible electric-furnace steels and alloys; these may 
subsequently be rapidly and accurately machined with 
silicon carbide abrasives; and, lastly, machines made 
with these parts may be effectively lubricated with 
colloidal graphite, especially where boundary and high- 
temperature conditions prevail. 

Many other themes could be pursued if time and 
space permitted—even the employment of the Horatio 
Alger pattern where poor boy becomes famous scien- 
tist and prominent industrialist. 

Acheson, however,- found no time to bask in the 
glories and financial rewards that came his way. This 
is understandable when it is realized that he was 
granted no less than 70 patents on devices, techniques, 
and compositions of matter in the fields of mechanics, 
electricity, electrochemistry, and colloid chemistry. 
Most of these patents were worked, and several! served 
as the foundations upon which were built new American 
industries—industries whose plants and markets now 
extend to all quarters of the globe. 

For those who are interested in purely biographical 
data, Edward Goodrich Acheson was born in Washing- 
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ton, Pennsylvania, on March 9, 1856. The pursuits of 


boy’s—fishing, hunting, boating, and some schooling. 
While he had no liking for languages, his leaning 
toward mathematics was pronounced. 

In 1872, his father’s financial reverses made it neces- 
sary for him to discontinue his limited, formal educa- 
tion and look for a job. His first gainful occupation 
was that of timekeeper at a blast furnace in Monticello, 
Pennsylvania. While working there, the sixteen- 
year-old Acheson found time to build a device for rock 
boring for which the U. S. Patent Office issued a 
Caveat dated March 5, 1873. His job as timekeeper 
ended when the financial depression of 1874 forced the 
closing of the blast furnace. He then spent some 
months as a clerk in a dry goods store and subsequently 
as a railroad ticket clerk. 

His next move was to the oil fields at Bradford, where 
he became a tank gager. Capacity calculations were 
laboriously arrived at, so Acheson compiled a set of 
tables by which he could rapidly determine a tank’s 
contents. These were recorded for ready reference in 
a leather-bound book.' With some 200 pages filled, 
his activity came to the attention of the superior whose 
chief duty it had been to make the capacity calcula- 
tions. His subordinate’s efforts found no favor in this 
man’s eyes, and Acheson was once more unemployed. 
He held several more short-term positions in Penn- 
sylvania, then, his imagination stirred by the advances 
in the field of electricity, he decided to move East and 
cast his lot with this new industry. In September, 
1880, he started work as an assistant draftsman in the 
Menlo Park, New Jersey, laboratory of Thomas A. 
Edison. His activities there, however, were not 
restricted to the drafting table, and he was soon engaged 
in development work on lamp filaments. Devoting 
his hours outside the laboratory to study of electrical 
distribution and measurements, he prepared himself 
for appointment in 1881 as first assistant to the chief 
engineer in charge of the Edison exhibit at the Inter- 
national Exposition in Paris. This Edison exhibit 
served to introduce the electric incandescent lamp to 
Europe. 

Acheson spent two and one-half years abroad, par- 
ticipating in the building of generating plants and lamp 
factories for the Society Edison Continentale at Ivry- 
sur-Seine. Installations of the initial electric-lighting 
systems at Antwerp, Amsterdam, Brussels, and Milan 
were also made by Acheson. 

Upon his return to New York in 1884, Acheson parted 
company with the Edison interests to assume the super- 
intendency of a plant in Brooklyn, manufacturing lamps 
under the Sawyer-Man patents. 

Acheson soon turned again to creative undertakings 
of his own. The scope of his efforts included experi- 
menting with dynamo construction, producing an 


his early years were typical of an average country ° 
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insulated wire, inventing an anti-induction telephone 
cable, attempting to reduce iron ore with natural gas, 
and striving to synthesize rubber. 

On January 8, 1889, he presented his first paper 
before a learned society. This was read before the 
American Institute of Electrical Engineers, the subject 
being “Lightning arresters and a photographic study 
of self-induction.” 

In 1890 the Monongahela Electric Light Company 
was founded by Acheson. 

During his experiments on the reduction of iron ore, 
Acheson had observed that clay crucibles which had 
become impregnated with carbon appeared to take on 
an unusual hardness. To determine the effect of high 
temperatures on clay-carbon mixtures, he built a 
resistance furnace from an iron bow! of the kind used by 
plumbers, an arc-light carbon, and a few feet of heavy 
copper wire. The experiment yielded a new chemical 
compound, silicon carbide, which Acheson, before 
knowing its composition, called “Carborundum.’’? 

In 1891, The Carborundum Company was formed at 
Monongahela, but four years later moved to Niagara 
Falls, New York, because of the cheaper power avail- 
able in that city. 

Despite the demands which management of The 
Carborundum Company made upon his time, Acheson 
continued to carry on his experimentation. He found, 
for example, that silicon carbide when subjected to 
very high temperatures underwent decomposition. 
The silicon volatilized, leaving the carbon behind in 
the form of the graphitic allotrope. An analysis of 
this man-made graphite showed it to be practically 
100 per cent carbon. This discovery placed another of 
Acheson’s irons in the fire. After careful development 
work, “electric-furnace,” or synthetic, graphite became 
an article of commerce with the formation in 1899 of 
the Acheson Graphite Company. In 1928 this com- 
pany became a division of Union Carbide and Carbon 
Corporation and has now been merged with the 
National Carbon Company, a unit of the aforemen- 
tioned concern. 

Acheson, in 1901, while endeavoring to employ his 
graphite in the manufacture of crucibles, investigated 
the use of clay as a binder. His experiments were 
painstaking and embodied a thorough study of the 
geology of clays. Although he was not able to adapt 
his pure graphite to crucible manufacture, he dis- 
covered a method of improving the plasticity of clays. 
This work would have had little over-all significace 
had he not during this period of research made observa- 
tions which were responsible for his success, in 1906, 
in rendering graphite colloidal. 

Never guilty of permitting opportunities to slip 
through his fingers, Acheson soon developed colloidal 
products of importance to industry, thus warranting 
the establishment of a company for their manufacture 


1 This and other historical items connected with Acheson’s 
life and work are on display in the Acheson Memorial Exhibit, 
Smithsonian Institution, Washington, D. C. 


2 Today, as in 1891, “Carborundum”’ is the registered trade 
mark for silicon carbide of The Carborundum Company’s manu- 
facture. 
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in 1908. This organization, originally the Acheson 
Qildag Company, operates at Port Huron, Michigan, 
as Acheson Colloids Company. 

Acheson was the recipient of many honors and 
awards for his accomplishments, including the confer- 
ment, in 1909, of the honorary degree of Doctor of 
Science by the University of Pittsburgh. 

He devoted his later years to the broadening of 
markets for his many products. In 1911, to cope with 
the demands from abroad, he founded in England the 
firm of E. G. Acheson, Ltd. This company now func- 
tions under the title Acheson Colloids Limited. 

Dr. Acheson, in 1928, set up the Edward Goodrich 
Acheson Fund, which, under a committee of The Elec- 
trochemical Society, provides a cash prize and the 
Edward Goodrich Acheson Medal “to the person who, 
in the judgment of the directors of the Society. . . shall 
have made such contribution to the advancement of 
any of the objects, purposes or activities . . . fostered or 
promoted by the Society . . .as to merit such an award.” 
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The Society, in 1929, unanimously voted Dr. Acheson 
the first recipient of his own medal for his contributions 
to electrothermics. 

Edward Goodrich Acheson died in New York City on 
July 6, 1931. His passing evoked hundreds of tributes 
from friends, acquaintances, and admirers in all walks 
of life. Probably none described the man so succinctly, 
yet so completely, as did his old friend, George Fred- 
erick Kunz, when he wrote, “Unfettered by tradition 
and having unusual ability to learn from experiments 
that failed, he forged ahead in a truly pioneering spirit. 
His unceasing mental activity, his untiring personal 
industry, and his indomitable will produced a persever- 
ance that carried him through to great technical suc- 
cess and world-wide recognition. He deliberately set 
out with a well-formed ambition, encountered and suc- 
cessfully overcame innumerable obstacles, succeeded 
in complete accomplishment of his objective, and 
brought into being products that are significantly and 
humanly valuable.” 


Ix vue early development of a student’s background in 
chemistry it seems desirable to encourage an integrated 
understanding of the types of chemical particles and 
the formal ways in which they may react. 

Chemical reactions may vary in complexity from 
simple one-step processes to those involving a number of 
steps. Two very simple schemes for indicating the 
important formal possibilities for one-step reactions 
involving one or two particles are presented here. 
The several steps involved in most “over-all” reactions 
may be indicated by, a simple notation based on the 
one-step reaction schemes. 

The following involves a consideration of only the 
simplest essentials: (1) the fundamental particles in 
chemical reactions, (2) the concept of the transition 
state, (3) the different formal ways particles may 
react, and (4) the representation of “‘over-all” reactions 
as a sequence of one-step reactions. 


1 Revision of a paper presented before the Division of Chemical 
Education at the 8th Southwest Regional Meeting of the Ameri- 
can Chemical Society, Little Rock, Arkansas, December, 1952. 


SIMPLE GENERALIZED REACTION SCHEMES' 


GEORGE K. ESTOK 
Texas Technological College, Lubbock, Texas 


The Fundamental Particles. Every chemical re- 
action involves particles of matter. The term particle 
is quite useful since it can include all the possibilities; 
t. e., free radicals (or free atoms), ions, and molecules. 
Nuclear reactions are not considered in this paper. 

Free radicals (or free atoms) are neutral but gener- 
ally very reactive rarticles with a free unpaired elec- 
tron availiable for bond formation. Examples: Na-, 
H-, H;C-, Cl-, ete. The dot represents the free 
unpaired electron. 

Ions (charged particles) are particles of varying 
reactivity having one (or more) full electronic formal 
charge(s), either positive or negative. For certain 
electrolytic reactions the anode and cathode may be 


. considered as positive and negative particles, respec- 


tively. Examples of charged particles (ions): Agt*, 
Cl-, H;C+, H-, (anode) +, (cathode) ete. 

Molecules are neutral particles with valence require- 
ments already satisfied but nevertheless of varying 
reactivity depending on their nature. Examples: 
C.Hy, C2H,, Bro, NH;, BF;. 


7 
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The Transition State. If two particles collide prop- 
erly, 7. e., with sufficient energy and proper orientation 
of their reactive centers, they may be considered to 
form a momentary coalescence unit, or “transition 
state.” This transition state may then further change 
to yield the product(s) or it may return to the react- 
ants. In the following reaction schemes the letter T 
is used to represent this state. 

Generalized One-Step Reaction Schemes. The fol- 
lowing two schemes constitute patterns for the impor- 
tant ways in which one or two particles may react. 


II Ill 
SCHEME A 


SCHEME B 


Scheme A involves a molecular transition state; 
scheme B covers those cases where the transition state 
is a free radical or ion. 

An unfilled circle represents a molecular particle; a 
circle with charge sign stands for an ionic particle; a 
circle with a dot is used to show a free radical (or free 
atom). In using scheme B the appropriate charge 
sign, or free radical designation, is chosen and main- 
tained for any given application. 

Various one-step reactions are readily represented by 
appropriate pairs of Roman or Arabic numerals. Thus 
(I-IV) indicates the reaction of two free radicals to 
yield a molecule; (II-IV), the reaction of cation and 
anion to form a molecule; (1—2)*, the reaction of cation 
and molecule to yield another cation. 

When both numerals in a pair are identical, the 
reaction does not change the type of particles involved. 
Thus (IV-IV) indicates a raolecular isomerization; 
(1-1) -, the reaction of a free radical and molecule to 
yield some other free radical and molecule. 

Some examples are now offered to illustrate the 
applicability of the schemes to certain specific cases. 
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Scheme A: Molecular Transition State 


‘ (I-IV) Combination of free radicals. 

H;C - + - CH; ~ CH;CH; 
(I-III) Disproportionation. 

CH;CH: + CH;CH: - CH;CH; + CH:=CH, 
(II-I) Kolbe electrolysis. 

(anode)*+ + RCO.~ — (anode)’ + RCO, - 
(II-IV) Combination of ions. 

(CHs;);C + + Cl- — (CH;);C—Cl 
(II-III) Nucleophilic displacement. 

R—SR,*+ + OH~ R—OH + RS 
(III-IV) Coordination. 

H;N: + BF; H;N+BF; 
(II-III) A one-step esterification.? 

RCO.COR + ROH — RCO.R + RCO.H 
(IV-IV) An isomerization. 


cis-isomer — trans-isomer 
Scheme B: Free Radical, or Ionic, Transition State 


Free radical: 


(1-1) Steps in chiorination of methane. 
Cl- + CH, —~ HCl + - CH; 
H;C - + Cl, -> CH;Cl + Cl- 
Free radical attack on an olefin. 
R- + R,C=CH,: R-C—CH:R 


(1-2) 


Cation: 
(1-2)+ Acid catalysis of an olefin. 
H+ + (CHs;)2C—CH2 — (CHs)3C * 
(2-2)* Carbonium ion rearrangement. 
(CH;);CHCH2* — (CHs3;);C * 
Anion: 
(1-1)- Nucleophilic displacement. 
Cl- + CH;Br — CH;Cl + Br> 
(1-2)- Coordination. 


+ AICI; AIC],~ 


“Over-All’”’ Reaction Sequences. Most over-all chem- 
ical reactions involve several steps before the final prod- 
uct is attained. As an example, the following over- 
all, acid-catalyzed esterification reaction is postulated 


+ 


R—CO.H + HO—R —— R—CO.R + H.O 


to occur in four one-step reactions as follows: 


(1-2)+ R—CO.H + H+ — [R—C(OH),] + 

(1-2)+ [R—C(OH),]+ + R—OH — [R—C(OH),OHR] + 
(2-1)+ [R—C(OH),OHR] + [R—C(OH)OR] + + 
(2-1)+ [R—C(OH)OR] + — R—CO.R + H+ 


The two generalized schemes, A and B, serve to out- 
line in a definite and easily comprehensible way the 
various important possibilities which may be postu- 
lated in formulating the various steps involved in over- 
all reactions. Rarer cases involving polyvalent ions or 
multiparticle collisions could be handled by an adaptii- 
tion of the principles already indicated in the schemes. 


2 It should not be inferred thai all the examples given have 
been proved authentic; some are well substantiated, others re)- 
resent reasonable postulations. 
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* THE GLYCOL CENTENARY 


Tue birthday of glycol is March 24, 1856, the day 
when Adolphe Wurtz (1817-84) first prepared it (/). 
He converted ethylene into its iodide, which Faraday 
had discovered, and mixed it with two equivalents of 
silver acetate. A rather violent reaction occurred, and 
among its products was the new substance. Wurtz had 
predicted its existence as the missing link between 
alcohol and glycerine, which M. Berthelot had shown to 
be a three-atom alcohol (2). The basis for an ex- 
planation was the theory of types. Alexander W. 
Williamson (1824-1904) had found this theory so help- 
ful that he said, ‘In the theory of types we owe to M. 
Dumas an idea which has already been the vehicle of 
many an important discovery in science” (3). The 
composition of organic substances was thus derived 
from simple and multiple molecules of water. Wurtz 
used the atomic weights of six for carbon and eight for 
oxygen when he wrote as follows: : 


H C*H® H? C*H?# 


alcohol glycol glycerine 


He combined the first part of the name glycerine with 
the last of alcohol to name his new substance. He 
proved its constitution by oxidation to glycolic and 
oxalic acids, and built up the series of homologues: 
propyl-, butyl-, and amyl-glycol (1857-58). He could 
then explain the nature of ‘the oil of the Dutch chem- 
ists’”’ (1795). It was a chloride that bore the same re- 
lationship to glycol as the long known ethyl! chloride 
did to ethyl alcohol (4). 

The reaction of the ‘Dutch oil” with potassium hy- 
droxide gave him ethylene oxide, a highly reactive iso- 
mer of acetaldehyde. With water, ethylene oxide forms 
not only glycol, but also di-ethylenic alcohol and the 
corresponding tri- and tetra-ethylenic alcohols. This 
was of great general interest to Wurtz. Several years 
before, he had published a study on “A series of or- 
ganic alcalies, homologues of ammonia’ (5). In it he 
described methy]l- and ethyl-amide as the homologues of 
ammonia, the “hydramide.”’ In ethylene oxide he 
found another “link” to inorganic chemistry. The 
poly-ethylenic alcohols (poly-ethylene-glycols) are an- 


alogues to the poly-silicates and poly-stannates!’ 


“There is but one chemistry”’ (6). 

Ethylene oxide also combined with ammonia and 
amines, leading him back to his old preoccupation with 
“organic alcalies.’”’ Of particular interest among these 
was neurine. The artificial neurine which he obtained 
irom ethylene oxide and trimethylamine proved identi- 


EDUARD FARBER 
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C:H,0 + (CH;:N + (CH) lx 
on}N-OH 


trimethyl- neurine base 


ethylene 
i amine 


oxide 


cal with the natural one (7). The reactions which Adolf 
Baeyer had found with natural neurine also occurred 
with the synthetized substance. 

Thus, the original discovery of the predicted two- 
atom alcohol had led Wurtz into a wide field which ex- 
tended from the inorganic to the biochemical. Yet it 
took a long time before chemical industry became in- 
terested in this field. At the beginning of the first 
World War, Friedrich Bergius (1884-1949) advocated 
the creation of an industrial ethylene chemistry, but 
this was received with great scepticism. The scarcity 
of glycerine during the war stimulated a small produc- 
tion of glycol asa replacement. Th. Goldschmidt A. G. 
put it on the market for use in cosmetics. Otherwise 
in 1919, glycol was still only listed as a raw material “for 
scientific preparations and therapeutically valuable sub- 
stances”’ (8). 

At that time, however, work on glycol and ethylene 
oxide had been started by George O. Curme, Jr., at the 
Mellon Institute, and in 1925, Carbide and Carbon 
Chemicals Company, a division of Union Carbide and 
Carbon, put the first American glycol on the market. 
Ethylene oxide, made by direct oxidation of ethylene 
which Wurtz had thought impossible, made its debut 
in 1931. Now the production of ethylene oxide is esti- 
mated at 425,000 tons in 1955, with many companies 
contributing to the large production of glycols, mainly 
ethylene glycol. The antifreeze market consumed 
about 200,000 tons of this glycol in 1954, and about 
50,000 tons of the oxide were converted into nonionic 
surfactants (9). 
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STATE 


Tus existence of a metallic element in the uninegative 
oxidation state is not only interesting but also highly 
unusual since we are accustomed to thinking of metallic 
atoms as losing electrons rather than gaining electrons 
in chemical reactions. The following brief discussion 
summarizes two notable cases of the display of this 
unusual chemistry. 


RHENIUM 


The classic example of a metal exhibiting a negative 
oxidation state is rhenium. In 1937 Lundell and 
Knowles (/) at the Bureau of Standards demonstrated 
that rhenium could be reduced to the uninegative state 
by passing a cold solution of perrhenate, ReO,—, through 
a Jones reductor in the absence of air. Subsequent in- 
vestigations confirmed this unusual oxidation state for 
rhenium. The Tomiéeks (2) demonstrated that a 
saturated zinc amalgam in 10 per cent hydrochloric 
acid reduced Re(VITI) to Re(—I). Lingane (3) showed 
that an eight-electron exchange is involved when 
perrhenate is reduced to some lower state of rhenium 
at the dropping mercury electrode. Maun and David- 
son (4) attempted to prepare solutions containing 
Re(—I) in concentrations greater than 10-4 M but 
were unsuccessful in reducing Re(VII) when the initial 
concentration of perrhenate was greater than 10-* M. 
Rulfs and Elving (5) prepared what they considered to 
be thallous rhenide, TIRe—a white, crystalline solid, 
isomorphous with thallous chloride—by bringing to- 
gether a solution of rhenide with thallous nitrate. 
However, recent work (6) points to the fact that thallous 
rhenide, if formed, is highly unstable and reverts to 
finely divided thallium metal and perrhenate ion in 
solution. 

It is always more satisfying and convincing when 
dealing with new and unusual oxidation states to isolate, 
if possible, solid materials that lend themselves to 
subsequent physical and chemical investigations. Re- 
cently, Bravo, Griswold, and Kleinberg (6, 7) isolated 
the first solid rhenide. These investigators reduced 
potassium perrhenate in ethylenediamine-water solu- 
tion with potassium metal in an inert atmosphere and 
obtained a white solid containing potassium rhenide, 
KRe, admixed with potassium hydroxide. Under 
optimum conditions 90 per cent of the starting material 
was converted to rhenide. Extractions of the white 
product with isopropyl alcohol eventually yielded a 
grayish solid containing 55-60 per cent rhenium, all as 
rhenide. 

Potassium rhenide is described as a colorless solid 
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METALS IN THE UNINEGATIVE OXIDATION 
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which reacts readily with thallium(I) nitrate to yield 
a white precipitate, presumably thallium(I) rhenide. 
This precipitate is not stable and is converted in solu- 
tion to elementary thallium and _ perrhenate ion. 
Elementary analysis of purified potassium rhenide 
points to the fact that it probably exists as a tetra- 
hydrate. 

Following the preparation of potassium rhenide at 
the University of Kansas, Grosse (8) at Temple Univer- 
sity prepared lithium rhenide by a slightly different 
procedure. He reduced potassium perrhenate with 
lithium metal in aqueous solution under a nitrogen 
atmosphere. The lithium rhenide thus formed was 
separated from the admixed lithium hydroxide by 
repeatedly crystallizing the mixture from water in an 
oxygen-free atmosphere. 

Lithium rhenide is reported to exist as a white, 
crystalline solid which appears yellow in thick layers. 
Its concentrated or dilute aqueous alkali solutions are 
stable for extended periods if stored under nitrogen. 
Hot acidified potassium permanganate solution is 
readily reduced quantitatively by a solution of lithium 
rhenide. A rhenide solution quickly reduces a hydro- 
chloric acid solution of bismuth(III) chloride to 
elementary bismuth, thus affording a sensitive test for 
the Re- ion. 

The structure that the rhenide ion might possess is 
indeed an interesting subject of speculation. Magnetic 
measurements on KRe-4H,0 (7) at 20° gave values of 
254 X 10~-* and 223 X 10-* ¢.g.s., respectively, for two 
different samples, after correction for the presence of 
potassium hydroxide. This amount of paramagnetism 
is slight and may be attributed to partial oxidation of 
rhenide to some higher state of the element. Pauling 
(9) has suggested that the rhenide ion probably would be 
4-coordinated square planar because it is isoelectronic 
with Pt(II). We might anticipate, therefore, that 
uninegative rhenium would possess a dsp? type of 
bonding. 
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COBALT 


There are numerous reports in the literature wherein 
cobalt seems to attain the uninegative oxidation state, 
This ion may 


e. g., in the unusual anion [Co(CO),]-. 
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be looked upon as being derived from the parent 
compound cobalt carbonyl hydride, HCo(CO),, which 
was first prepared by Hieber and Schulten (10). In 
cobalt carbonyl hydride the effective atomic number of 
cobalt is 36. The cobalt atom in the ion [Co(CO),]~ 
also possesses an E.A.N. of 36. 

A number of derivatives of HCo(CO), have been 
prepared, the cations being atoms of electropositive 
elements (11), e. g., Na[Co(CO),], K[Co(CO),]j, 
Ca{Co(CO)4]2, and These com- 
pounds behave as typical salts, and it would be difficult 
to assign an oxidation state other than minus one to 
cobalt in these substances. The cations of the B sub- 
group metals, however, yield compounds which exhibit 
covalent characteristics, g., Cd[Co(CO),], and 

Recently, detailed investigations on the further be- 
havior and characteristics of the tetracarbonylcobaltate 
(—I) ion have appeared. Hieber and Fischer (12) have 
studied the reaction of carbon monoxide and cobalt(II) 
salts in the presence of dithionite ion and have isolated 
a complex nickel salt of [Co(CO),]— as an orange, 
flocculent precipitate. 


2Cot+ + 38.0,-- + 120H- + 4CO 
2[Co(CO),]- + 6SO;-~ + 6H,O 


Ni**+ + 30-phen + 2[Co(CO),]- — [Ni(o-phen);] [Co(CO),]2 


Dicobalt octacarbonyl is capable of* reacting with 
methyl isonitrile to form the cobalt(I) derivative of 
[Co(CO),4]-, e., (73). The 
equivalent conductance of 94.15 ohm! in acetone at a 
dilution of 679.7.1./mole points to the presence of two 
ions in the cobalt(I)-cobalt(—I) complex. The phenyl- 
isonitrile derivative has also been prepared (13). 

Sodium tetracarbonylcobaltate(—I) reacts with so- 
dium cyanide in liquid ammonia, with evolution of 
carbon monoxide, to form the complex anion [Co(CO);- 
CN]-~ (14). Only 33 per cent of the carbonyl groups 
in [Co(CO),4]~ are replaced, however, and a mixture of 
Na[Co(CO),] and Nasg[Co(CO);CN] results. With 
sodium thiocyanate a similar complex carbonyl- 
thiocyanate is obtained, [Co(CO);SCN ]-~ (14). 

Nitric oxide reacts with dicobalt octacarbonyl to 
form the partially substituted cobalt carbonyl Co(CO);- 
NO (16). Cobalt nitrosyl carbonyl exists as a red 
liquid, is diamagnetic (16), and has been shown to be 
best described as a tetrahedral molecule (1/7). Re- 
cently, isonitrile derivatives of cobalt nitrosyl carbony] 
have been prepared (18). Compounds of the type 
Co(NO)(CNR)3, where R = p-CH;CgH,, p-ClC.Hy, and 
p-CH;OC,Hg, are all diamagnetic. Since the nitrosyl 
group generally has been considered to coordinate as 


the unipositive group NO+ (19), cobalt must assume . 


the uninegative oxidation state in these substituted 
carbonyls. 

The structure of the uninegative cobalt atom prob- 
ably is tetrahedral as has been shown for cobalt nitrosy! 
carbonyl (17). Co(—I), furthermore, is isolectronic 


with Ni(O), which is best described as a tetrahedral 
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structure (20, 21). Hence, in the anion [Co(CO),]~ we 
might expect the CO groups to be held with sp* bonding. 
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TECHNETIUM 


Although technetium has recently been prepared 
artificially and still is rather costly, enough work has 
been done to indicate that chemically it is more like 
rhenium than like manganese. The gradual change in 
color of the anion MO,- (Mn = purple, Te = yellow 
or pink, Re = colorless), for example, would suggest 
that the properties of technetium should lie somewhere 
between those of manganese and those of rhenium. 
Mn(0), Mn(I), and now Re(—I) are well characterized 
species; hence it seems very likely that Tc(—I) should 
exist also. 


ACKNOWLEDGMENT 

The helpful discussion and suggestions of Dr. Mark 
M. Jones are greatly appreciated. 
LITERATURE CITED 


(1) LunpELL, G. E. F., anp H. B. Know gs, J. Research Nat. 
Bur. Standards, 18, 629 (1937). 
(2) Tomriéex, O., anv F. Tomicex, Coll. Czech. Chem. Communs., 


11, 626 (1939). 

(3) Lineang, D. L., J. Am. Chem. Soc., 64, 1001 (1942); 64, 
2182 (1942). 

(4) Maun, E. K., anp N. Davipson, J. Am. Chem. Soc., 72, 
3509( 1950). 


(5) Ruurs, C. L., anp P. J. Ervine, J. Am. Chem. Soc., 73, 
3287 (1951). 

(6) GriswoLp, E., J. KLeEInBERG, AND J. B. Bravo, Science, 
115, 375 (1952). 

(7) Bravo, GriswoLp, AND KLEINBERG, J. Phys. Chem., 58, 18 
(1954). 

(8) Grossg, A. v., Z. Naturforsch., 8b, 533 (1953). 

(9) Pautine, L., Chem. Eng. News, 25, 2970 (1947). 

(10) Hreser, W., anv H. Scavuren, Z. anorg. u. allgem. Chem., 
232, 17 (1937). 

(11) H. J., anp J. S. ANDERSON, “Modern Aspects of 
Inorganic Chemistry,” Routledge and Kegan Paul Ltd., 
London, 1952, p. 426. 

(12) Hreser, W., anv E. O. Fiscaer, Z. anorg. u. allgem. Chem., 
269, 292 (1952). 

(13) Hieser, W., anv J. Sepimeter, Ber., 87, 789 (1954). 

(14) Hieser, W., ano C. Z. anorg. u. allgem. 
Chem., 276, 12 (1954). 

(15) Monn, R. L., anp A. E. Watuts, J. Chem. Soc., 121, 32 
(1922). 

(16) Retrr, F., Z. anorg. u. allgem. Chem., 202, 375 (1931). 

(17) Brockway, L. O., ano J.S. ANDERSON, Trans. Faraday Soc., 
33, 1233 (1937). 

(18) Matatesta, L., anp A. Sacco, Z. anorg. u. allgem. Chem., 
274, 341 (1953). 

(19) Appison, C. C., anp J. Lewis, Quart. Rev. (London), IX, 115 
(1955). 

(20) Brockway, L. O., anv P. C. Cross, J. Chem. Phys., 3, 828 
(1935). 

(21) Batiey, C. R., anp R. P. Gorpon, J. Chem. Phys., 6, 225 
(1938). 


Bp 
) 
state, 
1 may 


REAGENTS’ 


Terrazouium salts are quaternary ammonium com- 
pounds and are somewhat soluble in water. Their solu- 
tions are colorless or very pale yellow and upon reduc- 
tion yield highly colored insoluble substances called 
formazans, as shown in equation (1). 


N N 


Vj 
| | | + H+Cl- 
N==N—R? _ oH + = | H 
“4 (2H+ + 2e-) a 
Cl- N=—=N—R? 


Tetrazolium salt 
(soluble in water 
and colorless) 


Formazan (insoluble in 
water and highly 
colored 


Owing to this property and their low reduction poten- 
tials, they have been introduced as reagents during the 
past 10 years for the detection and study of reducing 
enzyme systems and for the detection and estimation of 
reducing functions of organic compounds. 

An extensive review on tetrazolium salts has ap- 
peared recently (1). Their discovery and introduction 
as reagents is of interest. The tetrazole ring was dis- 
covered in 1885 by the Swedish chemist Bladin, and 
about the same time Pinner described a reaction of 
diazonium salts with benzimino ethyl ether which gave 
rise to colored compounds later called formazans. In 
1892 Von Pechman (2) and Bamberger (3) inde- 
pendently synthesized the colored formazans. A year 
later Von Pechman noted that oxidants attacked the 
imide hydrogen of hydrazones to form an N—N linkage, 
and by analogy he oxidized the formazan to close the 
ring and form the tetrazolium salts. Pechman and his 
co-workers prepared a large number of formazans and 
about 15-20 tetrazolium salts, and studied their proper- 
ties. After that, interest in this group of compounds 
waned until they were taken up by Kuhn (4) and his 
co-workers who were primarily interested in the bacteri- 
cidal properties of quaternary ammonium compounds. 
As a result of the study on the properties of the tetra- 
zolium salts, Lakon (4) proposed their use for testing the 
viability of seeds. For example, corn seeds, if soaked in 
water for a few hours and then cut into halves and im- 
mersed for 30 minutes in one per cent solution of a tetra- 
zolium salt, develop deep colors of the formazans along 
the areas of the germ if the seeds are viable, and no 
colors if the seeds are dead. 


1 Presented before the Division of Chemical Education at the 
128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 
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Application of tetrazolium salts to the detection of 
viability of seeds was pointed out by Dutcher (6) who 
interrogated Lakon in 1945 as a member of the American 
{utelligence Branch in Germany. Subsequently, Porter, 
Durrell, and Romm (7); Mattson, Jensen, and Dutcher 
(8); Waugh (9); and Cottrell (10) confirmed the ob- 
servations of Lakon and indicated that tetrazolium 
salts might be useful as reagents to detect differences in 
the viability of seeds and other tissues. This outstand- 
ing property is due to the fact that tetrazolium salt 
solutions on reduction by hydrogenases, or generally by 
reductants, yield colored formazans as shown in equation 
(1). 

The application of tetrazolium salts to the study of 
carcinomatous tissues was made by Straus, Cheronis, 
and Straus (11), who showed that tetrazolium salt 
solutions become reduced in vivo or vitro at a greater 
rate than by normal tissues. As a result of this, a 
prodigious amount of interest has been accumulating 
in the literature on the properties of these reagents. 


NATURE, PREPARATION, AND NOMENCLATURE OF 
TETRAZOLIUM SALTS 
There are three types of tetrazolium salts: mono- 
tetrazolium, N—N ditetrazolium, and C—C ditetra- 
zolium salts, shown by equation (1), and formulas (2) 
and (3), respectively : 
N 


1 


re, 
R'—C; »N—R? R?—N,’ 3’C—R5 
+ + 
Cl- Cl- 
N—N Ditetrazolium salt 
N N 
R*—-N, ;C——-——C,;' »N—R? 
+ + 
Cl- Cl- 


C—C Ditetrazolium salt 


Of these, the first two are of greater importance owing 
to their greater ease of preparation and application. Of 
the various methods of preparation, the most practical 
is to react an aldohydrazone with a diazonium hy- 
droxide to give the formazan, and then oxidize the latter 
to the tetrazolium salt as shown in equation (4) which 
illustrates the preparation of 2,3,5-tripheny] tetrazolium 
chloride: 
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HN 
C.sH;N2*OH- 
H H 
Aldohydrazone 
H 
action of Rearr. 
(6) who (4) 
Lmerican N N 
Porter, on 
razolium N==N 
ences Triph tet Triphenyl f 
.3,9-Tripheny ra- ripheny! formazan 
utstand- zolium chloride 
um salt 
rally by J Generally the aldehyde furnishes the radical R* 
quation ff (equation 1), the hydrazine the radical R*, and the 


diazotized amine the radical R*. If a tetrazotized di- 


tudy of amine (like benzidine and o-dianisidine) is employed, a 
heronis, fdiformazan is formed which when oxidized gives the 
im salt J N—N type of ditetrazolium salt shown in formula (2). 
greater Considerable confusion has arisen in the naming of 
this, a §the tetrazolium salts. The confusion which exists at 
ulating § present can be illustrated by citing the example of the 
agents.  N—N ditetrazolium salt shown in equation (5). It 
RE OF will be noted that for both the tetrazolium salt and 
the diformazan, there are three names listed. The 
names proposed by Rutenburg, et al. (12), who first re- 
ported the compounds, are listed under (a). The 
litetra- names listed for these compounds by Chemical Ab- 
las (2) Bi vracts are given under (b), while the names proposed 


by the authors are listed under (c). It appears to us 
that it is more reasonable to adopt the same general 
structure for the formazan which relates it to the 
(2) § ©rresponding tetrazolium salt from which it is formed 
by reduction. The system of nomenclature proposed is 
a slight modification of the accepted standard system 
of chemical nomenclature. The salts are considered to 
be derivatives of tetrazole, and the atom in the ring is 
used to denote the position of the substituent. Num- 
bering begins at the nitrogen atom adjacent to the ring 
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carbon and proceeds clockwise including next the other 
three nitrogen atoms and finally the carbon atom. 

It should be noted that the formazan is named after 
the tetrazolium salt from which it is produced on re- 
duction, and not according to the older system which 
bears the names of the radicals attached to N (position 
2), N’ (position 3), and C (position 5), ete. 

The problem of nomenclature becomes more con- 
fused because biologists and microbiologists with some 
justice attempt to eliminate the complicated chemical 
nomenclature by abbreviating the chemical names and 
converting them into trivial names. Thus, the 2,3,5- 
triphenyl tetrazolium chloride has been designated as 
“T.T.C.” and “T.Z.”; and 2,2’,5,5’-tetraphenyl-3,3’- 
(p-biphenylene) ditetrazolium chloride was first ab- 
breviated to “neo-tetrazolium,” then to “N.T.” 
Similarly, the ditetrazolium salt which gives a purplish- 
blue formazan and is shown in equation (5) was given 
the trivial name of “tetrazolium blue,” and is now 
abbreviated “B.T.” This was perhaps reasonable at 
the time it was first reported, since it was the only 
tetrazolium compound then known which gave a blue 
formazan on reduction. However, this laboratory has 
recently reported (13, 14) several new tetrazolium 
salts which also give blue formazans on reduction, and 
two give more intense blue colors than the “tetrazo- 
lium blue” originally reported. The problem arises as 
to what trivial “blue” names, if any, should be as- 
signed to these. 

To avoid the inevitable confusion in the designation 
of these compounds, the authors propose that if trivial 
names must be used, some designation of the chemical 
structure should be included and, if possible, the color 
of the formazan. Thus, the compound 2,5-diphenyl-3- 
a-naphthyl tetrazolium chloride which on reduction 
yields a violet formazan can be called a-naphthy! tetra- 
zolium violet. This would serve to differentiate it from 
the eight other tetrazolium violets, such as o-biphenyl 
tetrazolium violet. Since at present there are no ac- 
cepted criteria for purity of these compounds, another 
suggestion is that both users and suppliers designate the 
name of the compound and the range of the maximum 
absorption in the visible spectrum of the formazan pro- 
duced on reduction. The importance of this suggestion 
will become apparent in discussing the purity of the 
various monotetrazolium and ditetrazolium salts. 


N N N oe N 
LYS 
»N—C,H; C.eH:—N;’ + (4H*+ + 4e—) CeH;—C; 

la 3 OCH; CH;0 14° > 4 3 OCH; CH;O 3’| 

owing | —(4H* + 4e—) N=—N | | N==N +2H*Cl- 
actical (5) 
n hy- 
latter (a) 3,3’-Dianisole bis-4 4'(3, iphenyl) tetrazolium chloride, (a) 3,3’-Dianisole bis-4,4’(3,5-diphenyl) formazan . 
‘ also “tetrazolium blue” and “B.T.” b) 3,3’-Dimethoxy-4,4'-bis (a-phenylhydrazonobenzylazo) bi- 

which § (b) _[2,5-diphenyl- phenyl 
olium 2H-tetrazolium chloride] (c) 2,2’,5,5’-Tetraphenyl-3,3’-(3,3’-dimethoxy -4,4’-bipheny- 


(c) 
ditetrazolium chloride 


ene) diformazan 


( 
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Thus, o-biphenyl violet tetrazolium chloride would 


serve to designate these compounds more concisely. A 


more accurate designation would be to include the wave 
length in my for the maximum absorption in the visible 
spectrum of the formazan. 


PROPERTIES OF TETRAZOLIUM SALTS 


A number of important properties of the tetrazolium 
salts are summarized in the diagram, equation (6), 
using 2,3,5-tripheny] tetrazolium chloride as an example. 
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the detection and study of enzyme-reducing systems. 

The use of tetrazolium salts to detect reducing func. 
tions in organic compounds was early recognized and 
several investigations (15, 16) pointed out their applica. 
tion in the detection and estimation of reducing sugars 
However, the importance of pH at which the tetra. 
lium ion undergoes rapid reduction was not clearly 
recognized. Mattson and Jensen in their colorimetric 
estimation of reducing sugars state that alkalinity js 
one of the least important factors, while the calculated 


N N 
CH {H,-Pd] HGH, H, HGH, 
H [BaSO,] Pd 
N==N—C,H; NH NHC,H; NH, decon 
Tripheny] formazan Diphenylbenzhydrazidine Phenylbenzamidrazone this ¢ 
hydre 
| [He] Color 
H N 
resh 
HGH, these 
Aldohydrazone 
y eads 
KMn0, mune 
N==N N=—=N—C,H; N—C,H; tetra: 
sults 
2,5-Dipheny] 2,3,5-Tripheny! Azobenzene tha 
tetrazole tetrazolium chloride tain 
This 
hp as a 
are 
N not. 
\ 
Or 
n—x—<_S of th 
Cl- been 
2,3-(2,2’-Biphenylene)-5-phenyltetrazolium chloride 
prese 
The proof of the structure of the tetrazolium salt is pH of the solutions which they use is 13.4. Others (/5) milli 
shown by oxidation to the diphenyl tetrazole and its do not give any information as to optimum pH. It was Te 
degradation to azobenzene. On mild reduction it yields pointed out from work in this laboratory (17) that as the smal 
the colored formazans, while catalytic reduction may pH of the tetrazolium salt solution rises above 7, there solut 
proceed through the various related compounds to the _ is an increasing amount of tetrazolium hydroxide formed and 
aldohydrazone. On exposure to light solutions fluoresce so that eventually colored products are found without light 
owing to the formation of the biphenylene derivative. any reduction. For example, it can be shown that a ml. 
More intense radiation reduces the biphenylene deriva- 0.15 M solution of 2,3,5-tripheny] tetrazolium chloride § ®@™ 
tive to the formazan. develops a color at pH 10.2, while at a concentration of boile 
The most useful property of tetrazolium salts is their 0.003 M there is no color at pH 12.40. Therefore, the the 1 
ability to yield colored formazans by reducing both _ stability of tetrazolium salt solutions is a function not ae 
enzyme systems and functions of organic compounds. only of the pH of the solution, but also of the concen- * 
The redox potentials of the tetrazolium salts vary from tration of the quaternary salt. It can be further shown redo 
—0.083 for 2,3,5-triphenyl tetrazolium chloride, to that as the concentration of the hydroxy] ion increases § “P€ 
0.228 for the 2-phenyl-3-(0-carboxyphenyl)-5-heptyl- in the equilibria indicated in equation (7), the quater- fon 
tetrazolium chloride. However, though complete ac- nary tetrazolium hydroxide at high concentration re- te 
curate data on redox potentials are yet lacking, they are arranges to an insoluble colored isomer. ade 
sufficiently low for most of the compounds studied for This rearrangement appears to be accompanied by Whe 
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N N 
N==N—R?} N=—N—R? 
+ + 
C1- OH- 
Soluble, Soluble, (7) 
colorless colorless 
N 
rh 
N—R? 
OH 
N==N—R? 
Insoluble, colored 
decomposition and formation of other products. In 


this connection it may be noted that, the tetrazolium 
hydroxide has never been prepared in the pure state. 
Colorless solutions of the quaternary hydroxide can be 
prepared by treating the tetrazolium chloride with 
freshly precipitated silver or mercuric oxide. From 
these solutions other salts can be readily prepared; 
evaporation of the water even under reduced pressure 
leads to the formation of colored products. 

On the basis of this work, it was possible to deter- 
mine the threshold of stability of alkaline triphenyl 
tetrazolium chloride solutions at 90-100°C. The re- 
sults are summarized in Table 1. The data indicate 
that a solution of triphenyl tetrazolium chloride con- 
taining one mg./ml. is stable on boiling at pH 12.45. 
This is the threshold of its stability and thus can serve 
as a sensitive reagent. Most of the tetrazolium salts 
are stable under similar conditions, but a number are 
not. 


DETECTION OF REDUCING FUNCTIONS AND IONS 


On the basis of the study on the threshold of stability 
of the various tetrazolium salts, the following test has 
been developed (14, 18, 19) for the detection of the re- 
ducing functions of organic compounds even when 
present in concentrations of a few micrograms per 
milliliter. 

To 0.1 ml. of one per cent of the tetrazolium salt in a 
small tube are added 0.3 ml. of 0.3 N sodium hydroxide 
solution and 0.5 ml. of water. The mixture is just boiled 
and examined for the development of color; only a very 
light yellow-colored solution is permissible. About 0.1 
ml. of the unknown solution containing 1-20 micro- 
grams of the reductant is added, and the solution is 
boiled for 30 seconds. A colored solution depending on 
the type of tetrazolium salt employed resuits within 30 
seconds. The color should be permanent and not fade. 
If a color develops and then fades, it indicates that the 
redox color formation is below the limits of practical 
experimental conditions. In such cases, the concentra- 
tion of the reductant is increased. For example, glucose 
with triphenyl tetrazolium chloride gives a color that 
fades at 5y/ml., but a permanent color at 10y/ml. 
When the concentration of the reducing function is 
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from two to three times the identification limit, the 
color formation is large, insoluble formazan separates 
out, and the solution becomes cloudy. In such cases 
dropwise addition of acetone gives an intensely colored 
solution. 

The test as described was applied to a large number of 
sugars. Triphenyl tetrazolium chloride was employed 
and for comparison both Fehling’s and Benedict’s solu- 
tions were used. Table 2 gives comparison data on a 
few of the sugars which were tested and reported (14). 

In the search for new tetrazolium salts which were 
more sensitive to reducing enzymes and reducing func- 
tions of organic compounds, about 45 different com- 
pounds were synthesized and tested in this laboratory. 
Of the 32 on which the study has been completed, two 
have been selected which give better visible colors on 
reduction, such as violet and blue, and are more sensi- 
tive than triphenyl tetrazolium chloride. One of these 
is a monotetrazolium salt and is designated as biphenyl] 
tetrazolium violet (2,5-diphenyl-3-o-biphenyl tetrazo- 
lium chloride) and the other as p-anisyl, tetrazolium 
blue 
4,4’-biphenylene) ditetrazolium chloride]. The sensi- 
tivity of these salts to reducing sugars is shown in Table 
3. Besides reducing sugars, ketosteroids, ascorbic acid, 
and a number of other readily oxidized organic com- 
pounds can be detected at low concentrations. Alde- 


TABLE 1 


Determination of the Threshold Stability of Aqueous 
Solutions of Triphenyl Tetrazolium Chloride at Alkaline 
Pp 


H's’ 

Concentration of Color 
tetrazolium salt Volume of forma- 
—solution— —reagents (ml.)— Total tion 

ml. M .3N vol- on 

1% 10-3. NaOH H,0 ume pH boiling 
0.1 7.5 0.3 0 0.4 0.4 Color 
0.1 5.0 0.3 0.2 0.6 12.53 Faint 
0.1 3.75 0.3 0.4 0.8 12.50 None 
0.) 3.33 0.3 0.5 0.9 12.48 None 
0.1 3.0 0.3 9.6 1.0 12.40 None 
0.15 4.5 0.3 0.55 1.0 12.30 Nene 
0.20 6.0 0.3 0.50 1.0 12.28 Faint. 
0.1 3.75 0.3 0.4 0.8 12.50 Color 
0.1 3.0 0.3 0.5 0.9 12.45 None 


@ N., AND H. Stern, Mikrochim. Acta, 4, 925 (1955). 


TABLE 2 


Microdetection of Reducing Sugars with Triphenyl Tetra- 
zolium Chloride and Comparison with Methods Based on 
Reduction of Cupric Ions 


——Limits of detection in micrograms /ml.—— 


Triphenyl Cupric 
tetrazolium ton Cupric ton 
Sugar reagent (Fehling’s) (Benedict's) 
* Glucose 7-10 30 15-20 
Fructose - 7-10 30 15-20 
Mannose 10-12 30 20-25 
Galactose 7-10 30 15-20 
Maltose 10 40 15-20 
Lactose 8-10 40 15-20 
Arabinose 8-10 30 15-20 
Amygdalin 10 100 None at 100 


| 
| 
+ 
- 
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TABLE 3 f the 
Microdetection of Sugars with Biphenyl Violet and p-Anisyl Blue Tetrazolium Reagents hile a 
————-M icrograms/ml.——-—— M icrograms/ml.—— mall. 
Biphenyl Biphenyl placed. 
tetrazolium tetrazolium 4d 
violet violet cid, « 
(2,5-diphenyl-3- (2,5-diphenyl-3- neans 
o-biphenyl o-biphenyl he cor 
tetrazolium p-Anisyl tetrazolium p-Anisy! 
Sugar chloride)* tetrazolium blue’ Sugar chloride )* tetrazolium blue her © 
Rhamnose 2-3 1-2 Maltose 3 1 ther s 
Arabinose 2-2 1-2 Lactose 2 1 
Xylose 2-3 1-2 Cellobiose 3-4 1-2 
Lyxose 2-3 12 Melibiose 3-4 1-2 
Fucose 2-3 1 Amygdalin 3 1-2 
Glucose 2 1 Trehalose None None 
Mannose 3 1 Sucrose None None 
Galactose 2-3 1 Raffinose 7-8 3-4 
Fructose 2 1 
: 
S 
| | OCH, CH,O | 
| | —— Deep blue 
[red] N—=N formazan 
| ——— Violet-red + — + 
formazan C1- C1- 
Ci1- 


hydes require an excess amount and heating in order 
to reduce the tetrazolium salts.” 


DETECTION OF REDUCING INORGANIC IONS 


The application of the tetrazolium reagents to the 
detection and estimation of inorganic reducing ions was 
undertaken within the past year, and this paper is a 
preliminary report. Most of the common reducing ions 
employed in the teaching of qualitative and quantita- 


tive analysis were tested, and those which were pre- 
dicted to be negative on the basis of redox potentials 
were found to be negative. The ions listed in Table 4 
were found to give positive results at low concentrations. 
It will be noted that p-anisyl tetrazolium blue and o0-bi- 


2 These salts are available from the Synthetical Laboratories, 
Chicago 30, Illinois. 


| N N 
~N ZN 
| OCH, CH. | 
N—N— N==N 
C1- C1- 
| + 2e-) (8) 
CH,O— CH—N 


phenyl violet give more reliable results than the tri- 
pheny] tetrazolium reagent. However, as the concen- 
tration of the reducing ion is increased and the amount 
of insoluble formazan produced becomes appreciable, 
the tripheny] tetrazolium reagent is suitable. Of interest 
is the behavior of the p-anisyl blue tetrazolium reagent 
with the sulfite and plumbite ions. Instead of the ex- 
pected blue formazan, an intense red color is formed. 
This is believed to be due to the reduction of only one- 


half of the molecule as shown in equation (8). 

When to such a red solution one of the other reducing 
ions is added, like stannite or sulfide, the characteristic 
blue color of the formazan is obtained. 

Of the many possible applications of these reagents to 
teaching, the following are a few. It is desirable to 
show that in the corrosion of iron the rust at the base 
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f the “pit”? contains a great amount of ferrous ion, 
hile at the outer surface the amount is either nil or 
mall. A minute amount of the rust from each region is 
laced in a tube and dissolved in dilute hydrochloric 
cid, diluted with water, neutralized, then tested by 
neans of the tetrazolium reagent. The estimation of 
he concentration of sulfide and hydrosulfide ions and 
heir ease of oxidation when in contact with air are 
ther suggested applications of these reagents. 
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BENJAMIN FRANKLIN AND ELECTRICITY 


Kant once remarked that Benjamin Franklin was a new Prometheus who had stolen fire from 
heaven. In his own day, Franklin was celebrated throughout all Europe as the world’s foremost 
electrician and his book on the subject was in demand in many countries. Far-reaching in its influ- 
ence, the book became an important text in the electrical field and even today we still write of elec- 
tricity in terms introduced in print by Franklin. Used in the electrical sense, probably for the 
first time, in the inventor’s book were words such as armature, battery brush, charged, charging, 
condense, conductor, discharge, electrical fire, electrical shock, electrician, electrified, electrify, Leyden 
bottle, minus, negative, non-conducting, non-conductor, non-electric, plus, positive, and others. 

Franklin saw his first electrical demonstration in Boston in 1746. He purchased all the appa- 
ratus used by the British experimenter, Dr. Spence, and proceeded in electrical experiments of his 
own with great interest. The work that he did was soon far ahead of the European discoveries. 
With great enthusiasm, he described new discoveries that were to him unique, for he had no way 
of telling what work his predecessors had done. Foremost among the observations was the dis- 
covery of the action of points in drawing off and throwing off the electrical fire. One of Franklin’s 
scientific achievements was his experiment with the Leyden jar. He explained the startling dis- 
covery that the electrified jar became charged positively on the outside, negatively on the inside, 
and showed by means of experiment that the positive charge on the outer coating of the jar was 
exactly equal and opposite to the negative inner charge. 

Besides the importance and usefulness of Franklin’s discoveries, the world knows him well for 
his hypothesis concerning the electrical nature of lightning. Up to his discoveries the general 
impression was that lightning was caused by the explosion of poisonous gases in the air. In 1749, 
Franklin established that electrical fluid and lightning had similar properties of giving light, 
color of the light, crooked direction, swift motion, being conducted by metals, crack or noise in 
exploding, subsisting in water or ice, rending bodies it passes through, destroying animals, melting 
metals, firing inflammable substances, sulphureous smell. 


[EprTor’s Note: January 17, 1956, was the 250th anniversary of the birth of Franklin. A special 
committee with headquarters at Philadelphia’s Franklin Institute plans a year-long international 
celebration. ] 
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In RECENT years chemists and chemical engineers have 
come to recognize the utility and power of statistics 
as an integral research and development tool. Un- 
fortunately students are seldom exposed to any of the 
ideas, much less the techniques, of statistical analysis. 
These are gained later on the job, if at all. It seems 
reasonable, therefore, to consider how students might 
be introduced to some of the basic concepts of statistics. 
Peterson! has described a laboratory experiment in 
physical chemistry which consists of having pairs of 
students measure the length of an object to the nearest 
tenth of a millimeter 100 or more times with a com- 
mon meter stick. The students were required to con- 
struct a histogram of their results and to calculate 
the average length, the average deviation, and the 
probable error of a measurement. Four typieal ex- 
amples of student results were presented. 

It is the purpose of the present paper to discuss the 
experiment described by Peterson and to show how 
its value can be greatly increased if the students are 
shown how their results are admirably suited to several 
simple statistical tests. The opportunity for the student 
to work with his own data should not be underestimated. 
Most experimenters never come to appreciate the 


1 PeTerson, J. Cuem. Epuc., 26, 408 (1949). 
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Centimeters 
Results of Estimating the Length of an Object to the Nearest 
0.01 Centimeter Using a Meter Stick 


Figure 1. 


THE EXPERIMENTAL DETERMINATION OF 
ERROR DISTRIBUTION 
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utility of statistics until they begin to apply the ide 
to their own data. 

The results of this measurement experiment ca 
serve to introduce the concept of testing a hypothes 
and illustrate the ideas of statistical significance a 
confidence limits. In addition, since most students wil 
find that the hypothesis of a normal distribution is n 
contradicted by théit sample, they should gain a 
appreciation of the validity of the assumption of 
normally distributed error which underlies mui, 
present-day statistical analysis. And lastly, th 
student should come to realize that the sample dai 
he collects is of interest only in so far as it gives it 
formation about the hypothetical infinite populatio 
which it represents. 

Detailed calculations are given to illustrate the co 
parison of observed and expected frequencies of lengt 
and to show how two students can compare theif 
precisions and their average lengths. Statistical tab. 
not to be found in the “Handbook of Chemistry angw 
Physics” are included. 

As was pointed out! any long narrow object can b 
used for this experiment. Glass tubing sealed at bo 
ends is particularly satisfactory because it is readilffi 
available and poorly enough defined at the rounde 
ends to provide a reasonable test of the student 
ability to estimate. The measurements might be madfiss 
by aligning one end of the object with a mark on th 
meter stick and estimating the decimal part of a mil 
meter at the other end. However, they should be mad 
by laying the object down at random (z. e., witho 
looking) on the meter stick and estimating the decim#i 
part of a millimeter at each end. 

The first problem confronting the student is: wha 
sort of a distribution would be generated if the mea 
urement were repeated a very large number of timeg, 
In this type of operation where positive and negativ 
errors should occur with equal frequency, and larg; 
errors should occur less frequently than small error} 
we have reason to suspect that the normal (or Gaussial 
distribution will be the underlying one. For this e 
periment the mathematical model is Lengtho».. 
Lengthriue + Error. The hypothesis is that the 
is normally distributed. The second problem fucil 
the student is: is the distribution of my sample suffi 
ciently non-normal to warrant rejecting the ss 
that the measuring operation produces a normally d 
tributed error? 

Figure 1 shows the result of estimating each end ¢ 
an 8-mm. o.d. object with rounded ends to the neares 
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nth of a millimeter 100 times and plotting the 100 
jifferences as a histogram. The theoretical normal 
jistribution curve is superimposed. on the histogram. 
It is easy to test the hypothesis that a sample of, 
or example, 100 length estimates came from a normally 
jistributed population. The test to be used is the chi 
yuare test which was developed by Karl Pearson and 
nblished in 1900. This is one of the most widely used 
atistical tests because it can be applied to test whether 
m observed frequency differs from the expected fre- 
yiency. The steps to be followed here are: (a) cal- 
late the average and standard deviation of the sam- 
le, (b) define a normal curve with the same average, 
vandard deviation, and total number as the sample, 
() take differences between the observed frequencies 
ind the frequencies predicted by the normal curve, 
nd (d) calculate chi square by the use of equation (1). 
The chi square value calculated is used to enter Table 
‘to determine the chance that the observed frequencies 
ould have arisen if the hypothesis of normality is cor- 
ect. 
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Chi square = x? = * 


(1) 
here O = 
equency. 
For the first step, the standard deviation can be 
alculated quickly and easily by a method in which the 
average is assumed (and later corrected). The data 
x the histogram in Figure 1 are given in Table 1 
where this technique is illustrated. 
The most convenient assumption for the average is 
ect can bithe class length 12.37. By having the assumed average 
ed at botffear the center of the distribution, the arithmetic is 
is readilgightened. The third column of Table 1 states the 
e roundeieviations in terms of class intervals from the as- 
student#sumed mean. The first class is three classes below the 
't be madissumed mean, so it is labeled —3, etc. The fourth 
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= 0.0114 cm. 


The true average of the sample can be obtained from 
the total of the fd column in Table 1 by the formula: 


True average = X = ¥’ + = (Cv) 


(3) 


where X’ = assumed average. Substitution in equa- 
tion (3) gives: 


True average = X = 12.37 + = 00. 01) = 12.3661 cm. 


The calculations of the standard deviation and the 
average can be readily checked by repeating the com- 
putation with a different assumed mean. 

Steps (b) and (c) relate to the calculation of expected 
frequencies. Table 2 exemplifies this calculation. 

The third column represents the distance of each 
length class from the average (12.3661 cm). The 
fourth column states these deviations in ter .s of the 
standard deviation (0.0114 cm.). The fifth column 
headed Handbook table value is from the table of ‘‘Areas, 
Ordinates, and Derivatives of Normal Curve of Error’’ 
in the “Handbook of Chemistry and Physics.”? The 
values required are ordinates. The deviations in terms 
of standard deviation units in column four of Table 
2 are the values of ¢ in the handbook table. 

Finally, it is necessary to convert the handbook 
table values (which are for a unit normal curve) to 
the units of the present problem. The equation for the 


curve is: 
(N)(C;) 1 
Y = | # 
Ly Qe ] 


2? Hopeman, C. D., Editor, “Handbook of Chemistry and 
Physics,”’ 35th ed., Chemical Rubber Publishing Co., Cleveland, 
1953, p. 229. 


irk on thffolumn is the product of each class deviation and the TABLE 1 
of a millftumber of lengths (i. e., the frequency in that class). Calculation of ree oe Assumed Mean = 
d be madfiThe fifth column contains the products of the items X' = 12.3 . 
Withowffn the third and fourth columns. The standard devia- (aa) fa 
1e decim#fion for a single measurement is given now by: aston eee ne 
= —12 
2 12.35 —16 3 
is: whi (2*) (2) «212.36 36 ok . 36 
the mea N N 12.37 30 0 ° 0 
imeg 12.38 19 1 1¢ 19 
oe where C; = the class interval and N = total number 12.39 3 2 6 12 
go Substituting the data from Table 1 100 
all 
Gaussial 
r this TABLE 2 
rthor:. Calculation of Expected Frequencies 
the erré Length Observed Deviation from Deviation in Handbook Expected 
2m f.cingl_ (class) frequency, f true average, x s units, */, table value frequency, f’ 
aple suffi 12.34 4 —0.0261 —2.29 0.0290 2.5 
pot hesi 12.35 8 —0.0161 —1.41 0.1476 12.9 
- dis 12.36 36 —0.0061 —0.54 0.3448 30.2 
mally di 12.37 30 0.0039 0.34 0.3765 33.0 
12.38 19 0.0139 1.22 0.1895 16.6 
ch end (12.39 3 0.0239 2.10 0.0440 3.9 
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The table referred to in the handbook, when entered 
in the ordinate column, gives the values of the factor 
in brackets. This conversion is done by multiplying 
each ordinate of the unit curve by (N) (C,)/s. In 
this problem, it means that each value in column five 
of Table 2 be multiplied by (100) (0.01) /0.0144 or 87.7. 
In this way column six is produced. An expected fre- 
quency of 2.5 means that in a large number of ex- 
periments, each consisting of 100 measurements of the 
particular object in question, half the time (on the 
average) one could expect to get two values of 12.34 
cm. and half the time three values of 12.34 cm. 

The smooth curve in Figure 1 is drawn through the 
expected values (ordinates) shown in Table 2. To aid 
in drawing this curve any number of additional points 
can be calculated. For example, to find the ordinate 
value three standard deviation units (7. e., (3) (0.0114) 
= 0.0342 cm.) away from the mean (either above or 
below—the normal curve is symmetrical), ¢ = 3.00, 
handbook table ordinate value = 0.0044, and in terms 
of the units of this problem, (0.0044) (87.7) = 0.4. 

Step (d), the calculation of chi square values. is 
shown in Table 3. 


TABLE 3 
Calculation of Chi Square 
Observed Expected 
frequency frequency (f — f’)? 
f’ f’ 
4 2.5 
3) 129} 0.75 
36 30.2 ‘23 
0.27 
3} $$) 0.11 
2.24 = x? 


A chi square value is calculated for each line provided 
each class has an expected frequency of at least five. 
Classes having fewer than five cases are combined with 
adjacent classes until the total expected frequency is 
at least five and a chi square is computed using the cor- 
responding combined observed frequencies. 

The total of the individual chi squares is the chi 
square by which the normality hypothesis is tested. 
It has n—3 degrees of freedom, where n = num- 
ber of individual chi square values summed. The 
normal curve which is fitted to the experimental data 
has been constrained to agree with these data in three 
respects, viz., it has the same number of cases, the same 
arithmetic average, and the same standard deviation 
as the original figures. Each constraint uses up a de- 
gree of freedom. The chi square value from Table 3 
is 2.24 with 4—3 = 1 degree of freedom. Table 4 
gives the probability that the observed frequencies 
shown by the histogram in Figure 1 would be obtained 
if the measuring operation produces a normally distrib- 
uted error. Since the probability is greater than 10 
per cent, it can be concluded that there is no evidence 
against the normality hypothesis. 
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If the probability had turned out to be one per cent 
for example, it would have been concluded that the 
method does not produce a normally distributed error. 
Why? Because the chance of getting a sample with that 
high a chi square value if the parent population werd 
normal would be only one in a hundred. We would pr 
fer to conclude that the parent population is not nor 
mal rather than conclude that an event having only 
one chance in a hundred of occurring had come about. 

For the present example it can be said that about 13 
per cent of the time we would get a poorer approxima 
tion to normality and about 85 per cent of the time 
we would produce samples which would more closely 
fit the normal curve. It is necessary to decide a priori 
on what probability (significance) level one will use to 
reject the hypothesis. A convenient value would be 
one per cent. This would mean that any sample giving 
a chi square value equal to or exceeding the critical 
probability value of one per cent would be considered 
as indicating that the parent population from which 
the sample was drawn was not normal. This is a cal- 
culated risk. On the average, the conclusion based 
on this significance level will be wrong once every 
hundred times it is applied. From this it can be seen 
that a significance level states the probability of re 
jecting the hypothesis when it is really true. This is 
an undesirable error to make and so the probability 
level is set fairly low. 

Table 4 also gives chi square values corresponding t 
probabilities close to unity (100 per cent). A valu 
in this range would occur if the experimental result 
followed the normal distribution too closely, 7. e., mo 
closely than chance would predict. A student report 
ing a value for chi square of 0.02 with two degrees 0 
freedom could be said (to the 99 per cent significance 
level) to have invented his data. The 99 per cent 
significance level is just as convincing as the one pet 
cent significance level. 

The importance of the normal distribution must be 
emphasized because it forms the backbone of much o/ 
present-day statistical analysis. Students should ob- 
serve that it is a normal curve which is usually gener-f up 
ated in an experiment such as described here. 

Using the calculation technique just detailed, the 
student data given as typical by Peterson’ can be 
evaluated. His Example 1 is plotted in Figure 2 along 
with the theoretical normal curve. Despite the sym- 
metry, the value found for chi square was 57.9 with 
three degrees of freedom. The hypothesis of normality 
is rejected with very much greater significance (lowe! 
numerical value) than 0.1 per cent. The parent popu- 
lation might have been normal, but the chance thit it 
was and gave us the sample it did is very much less ‘half for 
0.1 per cent (actually, it is about one in ten billion!).} chi; 
Indeed, these data can be shown to follow the “medianf = 7 
law’’* which is the distribution generated when a few§ 1 
measurements are made with considerable care and 
many measurements are made with less care. Students] a se 


3 Bonn, W. N., “Probability and Random Errors,” Edward 
Arnold and Co., London, 1935, p. 61. 
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Le per TABLE 4 
d that the Chi Square Distribution* 
uted error § — 
le with po 99 90 50 1 0.1 
lation — 
edeldien 1 0.00 0.02 0.46 2.71 3.84 6.64 10.83 
: P 2 0.02 0.21 1.39 4.61 5.99 9.21 13.82 
is not nor 3 0.12 0.58 2.37 6.25 7.82 11.34 16.27 
aving only 4 0.30 1.06 3.36 7.78 9.49 13.28 18.47 
silos 5. 0.55 1.61 4.35 9.24 11.07 15.09 20.52 
ome about. 6 0.87 2.20 5.35 10.65 12.59 16.81 22.46 
it about 13 7 1.24 2.83 6.35 12.02 14.07 18.48 24.32 
:pproxima S 1.65 3.49 7.34 13.36 15.51 20.09 26.13 
= 9 2.09 4.17 8.34 14.68 16.92 21.67 27 .88 
f the time 10 2.56 4.87 9.34 15.99 18.31 23.21 29.59 


ore closely 
de a priori 


will use tof ° D.F. = degrees of freedom. 


* Abridged from Fisuer, R. A., anD F. Yates, “Statistical Tables for Biological, Agricultural and Medical Research,”’ Oliver and 
Boyd, Edinburgh, 1953, Table IV, by permission of the authors and publishers. 
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nple giving§should be cautioned that all measurements must be 
he critical made with the same care. 
considered§ Peterson’s Example 2 gives no evidence against the 
rom whichfnormality hypothesis. The probability level of chi 
is is a calf square was 50 per cent indicating that, on the average, 
sion basedfhalf the time a repetition of this experiment would 
mee everyigive better results and half the time poorer results. 
an be seeifOne could not expect a more favorable indication of 
lity of refnormality. 
2. This if Concerning his Example 4, Peterson says that a 
robability| double peak can result if one partner (collecting half 
the data) tends to read higher than the other. It is 
reasonable to test whether the partners differ with 
regard to (a) precision and (b) average measurement 
to determine whether their 
results could be combined. 

The precisions must be 75;— 
compared first. The stand- 
ignificanc§ ard deviation obtained by 
} per cenifeach student is squared to 
ie one pelfgive the variance. The 
larger variance is divided by 
n must bef the smallertogivea quotient 
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hould ob-f of Table 5. The table is set 
ly generfup to accommodate the 45|— 
situation in which each vari- 
ailed, thefance is based on N ob- 
1! can bef servations. If this so-called 
re 2 along§ F ratio equals or exceeds 
the sym the tabulated value for P 30 — 
57.9 with} probability level, the two 
normality} variances are said to differ 
ice (lowelf at the P significance level. 
ent popu-| The interpretation here is 
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Frequency 


100 times and had obtained a standard deviation of 
0.0125, an F ratio of 


(0.0125)? 
(0.0114)? 


shows (Table 5, N = 100 D.F. ~100) that the two 
workers do not differ in their precision. The proba- 
bility is greater than 10 per cent that the two variances 
came from the same hypothetical population of vari- 
ances. Only when this probability is, for example, 
5 per cent or less are we willing to risk stating that the 
variances differ. 

If the variances do not differ they may be combined 
by simple averaging, since the number of measure- 


= 1.20 


care deviation of 0.0114 cm. If 75 
Students} a second experimenter had 


— 


46.80 46.85 
Centimeters 


” Edward Measured the length of the 5, 2 Results of Estimating the Length of an Object to the Nearest 0.01 Centimeter Using a 
same (or a different) object Meter Stick (Data from Peterson, loc. cit 
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TABLE 5 
Distribution of F Ratio (Two-tailed) 


% 


DFS 10 1 
5 5.05 7.15 14.94 
10 2.98 3.72 5.85 
20 2.12 2.46 3.32 
40 1.69 1.88 2.30 
60 1.53 1.67 1.96 

100 1.39 1.48 1.69 

120 1.35 1.43 1.61 
2 1.00 1.00 1.00 


@ Reproduced by permission of Professor E. S. Pearson from 
MERRINGTON, MAXINE, AND CATHERINE M. Tuompson, “Tables 
of Percentage Points of the Inverted Beta (F) Distribution, « 
Biometrika, 33, 73 (1943). Values for D.F. = 100 were obtained 
by, interpolation. 

D.F,. = degrees of freedom = N — 1. 


ments in each is the same. The best value for the 
standard deviation of a single measurement is then 
the square root of this average variance. If the vari- 
ances can be combined, it is then possible to test whether 
the two averages differ using the following formula: 


|X. — 


The absolute difference between the two student’s 
average values is divided by the best standard deviation 
estimate (from the combined variances) and multi- 
plied by the square root of one-half the number of de- 
terminations each student made. The value of ¢ 
obtained is used to enter the same table? from the 
“Handbook of Chemistry and Physics’ previously 
used, only this time one minus twice the area cor- 
responding to the t is required. The table is thus made 
to give the decimal significance level reached by the 
difference being tested. Again an arbitrary signifi- 
cance level (customarily the 0.05 or 0.01; 7. e., the 
5 per cent or 1 per cent level) is settled on before the 
comparison is made. 

As an example, suppose this second experimenter 
found an average length of 12.3636 cm. for the object 
referred to in Figure 1. The two standard deviations, 
since they were shown not to differ significantly, should 
be combined to give a better estimate. 


N 
(4) 


TABLE 6 
Calculation of Chi Square 
Final Observed Expec 
integer frequency, f f’ 
0 23 19 16.9 
1 5 10 2.5 
2 8 10 0.4 
3 10 10 0.0 
4 és 10 0.9 
5 13 10 0.9 
6 ll "10 0.1 
7 9 10 0.1 
8 8 10 0.4 
9 6 10 1.6 
ToTaLs 100 100 23.8 = x? 
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= 0.0121 


84,B = 


+ (0.0125)? 
2 


The difference between the two average lengths is now 
tested by substitution in equation (4). 


12.3661 — 12.3636 /100 
0.01 = 1.0 


t= 


Looking up this value of ¢ in the table of ‘‘Areas, 
Ordinates, and Derivatives of the Normal Curve” 
in the handbook one finds it corresponds to an area 
of 0.4279. This value is the area under the curve from 
the mean to +/ standard deviations. Our interest 
lies in the percentage of the area lying beyond this 
point for both halves of the curve. Hence, 1 —2 (0.4279) 
= 0.14 or 14 per cent. This falls short of the usual 
arbitrary significance level of 5 per cent (or 1 per cent) 
and so the difference is labeled statistically non- 
significant. Recourse is made to the table only if the 
probability is to be calculated, otherwise it can be said 
that the calculated value for ¢ must equal or exceed 
1.96 for 5 per cent significance or 2.58 for 1 per cent 
significance. These values assume an infinite number 
of measurements but can applied with negligible error 
whenever the number of measurements exceeds 50. 

The standard deviation of a single measurement has 
already been calculated. There would seem to be no 
special reason for calculating the probable error which 
is 0.6745 times the standard deviation. Instead, in 
conformance with current practice, the 95 per cent or 
99 per cent confidence limits should be computed. 
These limits are +1.96s and +2.58s, respectively, 
where s is the standard deviation of the value being 
delimited. 

It should be of interest for the student to calculate, 
for example, the 95 per cent confidence limits for his 
average value. The standard deviation of the average 
of N values is the standard deviation of a single meas- 
urement divided by the square root of N. Applying 
this to the data given in Table 1: 


95 per cent confidence limits = 12.3661 + 2 —- 0114)/+/ 100 
= 12.3661+0 


This means that if there is no bias on the part of the 
experimenter or the meter stick, the true length of the 
object lies somewhere in the range 12.364—12.368 cm. 
unless the 100—95 = 5 per cent chance of being 
misled through sampling variations has occurred. 
The 99 per cent confidence limits reduce the chance 
of being wrong about the statement as to the value 
of the true length to 100—99 = 1 per cent, but the cost 
of this added protection is a larger range (7. e., 12.363 — 
12.369). 

Peterson! also comments that some students show 
prejudice in their readings favoring last figures which 
are zero or five, or perhaps, even integers. The chi 
square test previously used is equally applicable to 
test this situation. The final integers of the readings 
taken at the right hand end of the object used in 
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gathering the data for Figure 1 are operated on in Table 
6. he readings obtained at the left end of the object 
could have been used instead, but not both because 
the two sets of readings are not independent. The chi 
square test, as well as all other tests described here 
require that the errors in the individuals making up the 
data to be tested be uncorrelated (7. e., independent). 

This chi square has n — 1=9 degrees of freedom be- 
cause only the totals of the observed and expected 
frequencies have been made to agree. The expected 
value of N/10 for each class was set up independently. 
The value of chi square, 23.8, with 9 degrees of free- 
dom lies between 0.1 and 1 per cent significance. Ex- 
amination of the data shows that the chi square as- 
sociated with zero is responsible for more than half the 
total chi square. It can be concluded, therefore, that 
this experimenter preferred zeros. This is further borne 
out by the observation that ones and nines appear with 
the lowest frequencies. Apparently, whenever the end 
of the object lay fairly near zero, the reading was re- 
corded as zero at the expense of the adjacent integers. 

To test whether the even integers are preferred over 
the odd, or vice versa, two categories, even and odd, 
would be set up with expected frequencies of 50 per 
cent of the total in each. The total chi square would 
have n — 1 = 1 degree of freedom. It should be em- 
phasized here that the hypotheses to be tested should 
be set up before the results are examined. It is unfair 
to search the data for peculiarities or trends and then 
expect the probability tables to yield valid significance 
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levels when these are tested. The test exemplified in 
Table 6 should be the most generally useful. 

In conclusion it should be emphasized that al- 
though classical large-sample (N>50) statistics have 
been exemplified here, small-sample statistics (the 
basis for modern experimental design) differs only in 
the tables used and not in interpretation. The tech- 
niques and concepts treated here form a background 
which the student will find indispensable to an under- 
standing and appreciation of modern statistical ex- 
perimental design. For those who are interested in 
reading further on this subject, three books can be 
recommended especially for the chemist. These are 
Dixon and Massey,‘ Davies,’ and Brownlee. Each 
in its own way can serve to extend the chemistry 
teachers’ horizon in the subject of statistics. The first 
book is universally considered to be an excellent be- 
ginning text. The second is a superbly-written primer 
which all chemistry teachers and chemists who handle 
numerical data should have at hand. Brownlee’s book 
stands virtually alone in the way it has inspired chem- 
ists to “get their feet wet” in statistics. The latter 
two's® were written especially for chemists. Each 
of these books deals with the techniques described in 
this paper. 

4 Dixon, W. J., anp F. J. Massey, “Introduction to Statistical 
Analysis,’’ McGraw-Hill Book Co., New York, 1951. 

5 Daviss, O. L., Editor, ‘Statistical Methods in Research and 
Production,” 2nd ed., Oliver and Boyd, London, 1949. 

BrownteE, K. A., “Industrial Experimentation,” 4th 
American ed., Chemical Publishing Co., New York, 1953. 


DEXTER CHEMICAL CORPORATION AWARD IN THE HISTORY OF CHEMISTRY 


Tue Dexter Chemical Corporation has established an award in the history of chemistry amounting 
initially to the sum of $250 and a suitable scroll. The following are the conditions under which 
the Division of History of Chemistry of the American Chemical Society will administer the award. 

(1) The sole administration of the award shall rest with the Division of Fistory of Chemistry. 

(2) The award shall be given not more than once a year, at a meeting of the Division. When 
possible, the recipient should be present to receive the award, and should thereafter give an 
address. 

(3) Invitations for nominations for the award shall be published in Chemical and Engineering 
News during January. Nominations are to be sent to the secretary of the Division not later than 
March 10. The secretary shall then send the nominations'to the three members of the award 
committee. 

(4) The chairman of the Division shall appoint three members of the Division to serve as the 
award committee. Of these members, one shall be appointed for one year, one for two, and one for 
three years. Each following year one new member shall be appointed to keep the number at three. 
The decision of the committee shall be by secret ballot to be sent to the secretary. The final de- 
cision shall be submitted to the secretary not later than June 10 so that announcement of the re- 
cipient may be published in the official program of the fall meeting of the American Chemical 
Society. 

(5) The award shall be made on the basis of services which have advanced the history of chem- 
istry in any of the following ways: by publication of an important book or article; by the further- 
ance of the teaching of the history of chemistry; by significant contributions to the bibliography 
of the history of chemistry; or by meritorious services over a long period of time which have re- 
sulted in the advancement of the history of chemistry. 
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HOW CAN MORE STUDENTS BE ENCOURAGED 


TO STUDY CHEMISTRY AS A PROFESSION? 


Tue title of this article carries a high priority in the 
minds and discussions of most members of college 
chemistry departments and industrial organizations 
employing chemists. The decrease in enrollment in 
specialized chemical curricula in the colleges, coupled 
with a more active market for chemists (/), and the 
highest salary levels ever attained in the profession (2), 
creates a puzzling situation. While forecasts have 
éncouraged us to expect more graduates within the next 
few years, the shortage is still acute (3). 

‘Here at Union College we have debated this problem 
for several years. In the last year and a half, we have 
made a study of it by going to our source of supply, 
namely, the secondary schools. I am writing this 
report since I know many chemists are concerned and 
since I hope this may bring out more discussion. Re- 
sults here, as in most experiments, will be in proportion 
to the effort expended. 

The plan was simple. We wrote to each high-school 
principal, asking for the name of the teacher who, in the 
principal’s opinion, had the most to do with students in 
chemistry and who would contribute most to the dis- 
cussion. Upon receiving the teacher’s name, we wrote 
a personal letter, not a mimeographed form, issuing the 
invitation, giving brief directions, and requesting a 
reply. We also pointed out that the chemical labora- 
tory would be open for inspection before the meeting. 
Of 44 who came to attend the three meetings, only 
two came to see the chemical laboratory. 

Those who are interested in this procedure for study- 
ing our question may ask how this was financed. 
These dinner meetings cost from $60 to $75 each and 
since Union, like most colleges, does not provide funds 
for such purposes, the expense would have proved a 
barrier if we had not had a “good fairy.”” Union is 
among the fortunate colleges whose chemistry depart- 
ments have received Du Pont grants. We considered it 
well within the conditions of the grant to use a small 
part for this purpose. 

The three meetings were held as follows: 

March 26, 1954. Fifteen high-school chemistry 
teachers, nine college staff, and one chemist from 


industry on the local American Chemical Society . 


Education Committee. 
November 19, 1954. Eighteen high-school guidance 


One College’s Approach on the 
Personal Level 


.CHARLES B. HURD 
Union College, Schenectady, New York 


counselors, eight college staff, and one chemist from 
American Chemical Society Education Committee. 

May 6, 1955. Eleven junior high-school science 
teachers and seven college staff. 

The group met for dinner at 6:00 p.m. The meal 
was complimentary. It was served at a U-shaped 
table in the college dining hall. Everything was 
informal with name tags provided for all. 

After dinner, the group moved to the faculty lounge, 
a comfortable, home-like room, cleared for this group 
for the evening. The writer, as unofficial master of 
ceremonies, gave 2 brief talk, presenting the picture of 
the shortage of chemists. The talk was illustrated 
with large colored charts taken from articles in Chemical 
and Engineering News (3,5). He also outlined the plan 
of an American Chemical Society-accredited college 
curriculum in chemistry, since he suspected and later 
was sure that many of the group did not understand 
these requirements. Discussion by group members 
followed for over an hour. A recess with refreshments 
then broke up the formal discussion; informal group 
discussions continued for another hour. 

Some volunteered so quickly in the discussion that 
the secretary had trouble keeping notes. Some were 
very slow. The attempt was made to draw all into the 
discussion in some way. The high-school chemistry 
teachers were most strenuous, the junior high-school 
group provided the liveliest discussion, while the coun- 
selors were least active. 

Making contact with these teachers through theif 
principals was difficult in several cases. There were no 
difficulties once the teachers arrived. All were friendly 
and most mixed easily. Interest since the meetings 
has continued as shown by the fact that four teachers 
have brought groups of students to visit the college 
laboratory. We were amazed to find during the [irst 
meeting that only three teachers knew that they are 
welcome to bring high-school students to see the 
laboratory in operation. 

The following observations taken from notes of the 
discussion in the first meeting, where our guests were 
high-school chemistry teachers, point out some of the 
unfortunate existing circumstances which contribute 
to the lack of prospective chemistry students in college. 

The expense of a college education was cited as 4 
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barrier. The high-school teachers thought many 
excellent high-school students were unable to go to 
college. The chairman assured them that there are so 
many scholarships for good students that no really able 
high-school graduate can afford not to go to college. 

The requirement of three and one-half years of high- 
school mathematics for admission to Union’s chemistry- 
major curriculum was called a serious stumbling block 
by the high-school teachers. It is difficult to get high- 
school students to take the more difficult, and conse- 
quently less popular, mathematics courses. 

A real difficulty in developing interest in chemistry in 
high-school students lies in the fact that chemistry 
usually comes in the last year. The student may have 
made up his mind about his career before this. The 
lack of personal encounter with chemistry was also 
noted. Some high schools have no student laboratory 
in their chemistry courses. In others, it has been 
drastically reduced. A very poor substitute in some 
schools occurs where the teacher performs the experi- 
ment and the students take notes. 

In the second meeting we found that the counselors 
also objected to the mathematics requirement. The 
chairman pointed out that modern chemistry and 
physics require spatial thinking and a good background 
inmathematics. The possibilities for careers in ““chem- 
istry” in contrast to those in “chemical engineering” 
were discussed. Few counselors understood the differ- 
ence. The relationships between the numbers in each 
profession and the type of work performed was ex- 
plained. One counselor suggested that chemistry is 
losing its glamour for teen-age students. Chemical 
exhibits and fairs were suggested. It was pointed out 
that the junior high-school Jevel may be the place to 
generate enthusiasm. Unfortunately no one knew how 
to do it. 

In the last meeting, the smallest group of the three, 
the junior high-school teachers put up a lively discus- 
sion. They advocated testing students for scientific 
ability, at least by the ninth grade. The interesting 
proposal was made that elementary chemistry be given 
as part of the ninth grade general science course. They 
showed, however, how easily general science, including 
elementary life science (biology or physiology) or 
elementary earth science (geology), can be taught on 
ninth-grade level. In-contrast to this, none had equip- 
ment or laboratory space for chemistry, and few felt 
that they had adequate background. 

The comment was made that the superior student 
could become bored with the pace, of necessity, set for 
the student of the lowest ability. This may be a very 
serious point. How to save these superior students 
was discussed, but without positive conclusions. The 
chairman introduced the idea that now students are 
less willing to work as hard as they did formerly. The 
group agreed at once. Most blamed the parents, some 


the ease of making money. All agreed that a letdown 
has occurred. None knew how to correct the situation. 

It is difficult for a college teacher to correlate all of 
this discussion, but certain factors.stand out. We also 


have noted in this section a few references which have 
recently substantiated our findings. 

(1) A good college chemistry curriculum is difficult. 
It requires not only chemistry but mathematics and 
physics. Mathematics is not popular in high school. 
Many students lack the drive; they drift to easier 
programs. 

(2) Chemistry comes last in most high-school 
sequences. Those with scientific minds may have 
decided on their profession before they take chemistry. 
Engineering now has more glamour. 

(3) High-school teachers mostly are teachers first, 
and chemists second, third, or fourth. Many have not 
had much college chemistry. Very few belong to the 
American Chemical Society or receive Chemical and 
Engineering News. Few really are chemists. 

(4) We, the members of the chemical profession, 
have done a sadly-inadequate job of making chemistry 
interesting and attractive to young people. We are 
poor advertisers. We must rectify our mistakes (6) or 
chemists will become even scarcer. Industrial chem- 
ists and college teachers must both work here. 

(5) Scholarships must be increased, but emphasis on 
the very high ability may be unfortunate. We all 
know that not all successful chemists are geniuses, nor 
were they geniuses in college. More emphasis should 
be placed on seriousness of purpose. Industries (7) 
must increase their aid to earnest, hard-working 
students. 

(6) The colleges must promote more and friendlier 
contacts with the high schools. Too often some of our 
specialists look down on their high-school colleagues or, 
if they do not, the latter have that impression. 

(7) Chemistry seems to be losing out in secondary 
schools. Some small schools offer no chemistry (8); 
some offer an overly-abbreviated course. Some schools 
have no laboratories or at best poor facilities. Teachers 
have trouble getting money for supplies to support good 
laboratory work. Some of our cast-off material would 
help many a small school. 

(8) Much must be done for the secondary-school 
chemistry teacher. Each group emphasized this point. 
More well-trained chemistry teachers are needed. 
Salary needs were stressed. The high-school chemistry 
teacher needs opportunities to renew his contacts with 
modern chemistry. The General Electric Company- 
Union College Summer Fellowship is one example of a 
steadily increasing number of such programs which help 
in this respect. 

(9) The superior student may be neglected in our 
present educational system. We shout so much about 
democracy and equal opportunity for all that we forget 
that not all young people are equal in ability. The 
‘slow pace set for the mediocre bores the very able 
student. The group recommended separate sections, 
even in junior high, for superior students. 

(10) The home environment was blamed for not be- 
ing able, in many cases, to inculcate a spirit of willing- 
ness to work in the present younger generation. All 
parents should examine themselves critically. 
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We have found in these dinner meetings a way to get 
better acquainted with our colleagues in the secondary . 
schools. It is interesting to see this sort of thing 
recommended in an article in Science (9) devoted to 
discussion of the shortage of physics teachers. Perhaps, 
in our case, the complimentary dinner broke the ice, 
but I should hate to believe that the dinner was all 
that drew the group together. I think the major factor 
was discussion of a common problem on the same level. 
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. A CHART OF CHEMICAL COMPOUNDS BASED ON 


ELECTRONEGATIVITIES 


For our freshman course we use Pauling’s “General 
Chemistry,”! in which the partial ionic character of 
covalent bonds is discussed in terms of the electro- 
negativity scale of elements. The accompanying 
figure is helpful in enabling students to understand the 
subject more clearly. 

In the figure both axes express relative electronega- 
tivity of the elements. A binary compound is located 
at a point, the coordinates of which correspond to the 
position of its two elements, each along a different 


1 Pauina, L., ‘General Chemistry,’’ 2nd ed., W. H. Freeman & 
Co., San Francisco, 1953, p. 235. 
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axis. Then it is seen that the chart consists of three 
regions, 7. e., metallic, ionic, and covalent compounds. 
It should be emphasized that there are no sharp transi- 
tions from one type to another; indeed, the chart can 
be so interpreted. Compounds having bonds of the 
same partial ionic character—e. g., CBr,, HI, and SiH, 
—fall on the same oblique line. 

It should be noted some apparently anomalous loca- 
tions of polyatomic molecules are inevitable (e. g., BF; 
or SiF,). This implies that factors other than electro- 
negativity influence the character of bonds in poly- 
atomic molecules. 
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* SCANDINAVIAN CHEMICAL LITERATURE 


Scanprnavia for the present discussion includes only 
Sweden, Norway, Denmark, and Iceland. The charac- 
ter of chemical literature appearing in these countries 
has many points in common, but in detail there are 
many differences. Each nation has trends and charac- 
teristics of its own. 

In text and reference works, the Scandinavians leave 
such large compendiums as Beilstein, Gmelin, Abder- 
halden, and Landolt—Bérnstein to the Germans, whose 
language is not much of an obstacle for Scandinavian 
technical men. There are, however, many smaller 
reference works including technical handbooks and 
encyclopedias produced in Scandinavia for Scandina- 
vians. There are also many textbooks and mono- 
graphs. Technical bookstores sell the native books 
along with foreign technical books—mostly in English 
or German. 

In general, periodicals and serials in theoretical 
chemistry reflect the academic leadership which guides 
the selection of research topics. The Swedish univer- 
sity which is best known to American chemists is Upp- 
sala, where Professor Thé Svedberg’s laboratory has 
attracted many American investigators for research or 
for visits. The faculty publishes many papers in and 
out of Sweden; the University’s science bulletins carry 
arecord of them (85).! 

The University of Lund has different academic in- 
terests, with a leaning toward physiography, geology, 
and mineralogy as represented by special publications 
on these subjects. Papers on chemical topics from re- 
search done at Lund appear in a variety of Swedish 
journals. 

Gothenburg’s engineering school, the Chalmers Uni- 
versity of Technology, is outstanding in textiles and 
shipbuilding and has modern research establishments 
for both. These laboratories have their own publica- 
tions—many appear as separates—hbut the Chalmers 
faculty also contributes to Swedish and foreign peri- 
odicals. 

The Royal Agricultural College, near Uppsala, has 
its Annals (40), with much material on soils, fertilizers, 
pest control, chemistry of plants and animals, etc. 

The Royal Institute of Technology in Stockholm is 
an engineering school which carries on much research 
with industry through cooperation with the Swedish 
trade associations. There are several research insti- 
tutes jointly supported by the Royal Institute of 
Technology and the trade associations; the chief in- 
terests are wood research, paper pulp, cellulose chemis- 
try, and concrete. The Royal Institute’s Transactions 
cannot do all the publishing. Therefore, each institute 


‘References:are to-the appended periodical list. 
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issues bulletins of its own, while their staffs also con- 
tribute to Swedish and foreign periodicals. The school 
is also noted for electrical engineering, a favorite sub- 
ject in a land of cheap water power but no coal or 
petroleum. The research on wood and cellulose is a 
direct outcome of Sweden’s abundant forests, protected 
by planned forestry programs dating back many years. 

Theoretical research is also fostered by the learned 
societies. The Royal Swedish Academies of Science, 
of Agriculture, and of Engineering Sciences all have 
their own publications, attracting contributions not 
only from university faculties but also from Swedish 
scientists and engineers outside the universities. 

Swedish periodicals, other than university and acad- 
emy publications, include general chemistry—Svensk 
Kemisk Tidskrift is prominent in this field—and nu- 
merous specialty publications. Some are independent 
or association-supported trade papers, e. g., in metal- 
lurgy (30), concrete (14), highways (62), and paper (68). 
Medical and dental schools and societies publish some 
journals having chemical interest (e. g., Nordisk Medi- 
cin). 

Government departments such as the Statens Prov- 
ningsanstalt (Bureau of Standards) and the Royal 
Agricultural Experiment Station publish bulletins of 
their own. These are usually in Swedish, whereas 
many Swedish periodicals publish papers in English, 
German, or French when both author and editor are 
willing. House-organs and trade-promotion literature, 
also usually in Swedish, are frequently of chemical in- 
terest, especially those from the chemical-process indus- 
tries and from makers of apparatus and instruments. 

The pattern prevailing in Sweden has been pre- 
sented first here, partly because Sweden is the largest 
and most populous of the Scandinavian nations, and 
partly because most of the firsthand information used 
here was obtained in Sweden. This placing of empha- 
sis has no relation to ratings of merit or relative impor- 
tance, but the other nations are dismissed more briefly 
because the general-situation has many aspects in 
common throughout Scandinavia. 

In Norway the leading engineering school is the 
Norwegian Institute of Technology. It does not fol- 
low such a formal setup of cooperative industrial re- 


- search as in Sweden, but it encourages research in wood, 


cellulose, fisheries, and minerals. The Institute has 
its own publications and its staff contributes to Nor- 
wegian and foreign periodicals. There is also a forestry 
experiment station which publishes its own bulletin 
(47), and Norway has professional-society or trade- 
association publications for canning, pharmaceuticals, 
furs, photography, agriculture, etc. The Norwegian 
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Academy of Sciences publishes Transactions and Jour- 


nal and separate serials for geophysics and marine’ 


biology (13, 22, 76). 

Denmark, the flat land of Scandinavia, depends rela- 
tively more on agriculture. This is reflected in Danish 
scientific literature. The Royal Academy of Agricul- 
ture publishes its reports in separate series for econom- 
ics, technical papers, scientific papers, and horticul- 
ture. The world-renowned Carlsberg Laboratory, sup- 
ported by the brewing industry, publishes one of the 
foremost periodicals (15) on the fermentation indus- 
tries and their underlying science. The Danish Agricul- 
tural Experiment Station also publishes its own bulle- 
tins. However, agriculture is far from being the sole 
interest. The Royal Danish Academy of Sciences, in 
addition to its general publications, issues separate 


series in biology and the mathematical-physical sciences 
(82-365). 


The Danish Academy of Technical Sciences 
publishes much material on engineering (80). Geo- 
logical research is published in four series of mono- 
graphs (16) and occasional short bulletins, in addition 
to the Transactions of the Danish Geological So- 
ciety (49). Denmark also takes care of scientific pub- 
lication for Greenland in Meddelelser om Grgnland. 

Sweden, Norway, and Denmark have their official 

patent-office publications (25, 73, 17), and printed copies 
of their patents are filed in the U. 8. Patent Office in 
numerical and classified arrangements. 
- Iceland is not a prolific publisher of scientific litera- 
ture, but the University in Reykjavik has an Institute 
for Applied Natural Sciences, which publishes Acta 
Naturalia Islandica. 

Several Scandinavian medical journals pooled their 
efforts some years ago in Nordisk Medicin, which ab- 
sorbed journals from Denmark, Norway, Sweder and 
Finland. It is published in Stockholm but does not 
limit its papers to the Swedish language. 

Scandinavian scientific literature has two other 
international aspects which are worth bearing in mind. 
One is the widespread practice of publishing in English, 
German, or French, presumably for the sake of a wider 
audience, though the reason may sometimes be simply 
to accommodate an author. The other is the en- 
couragement of international journals which publish 
papers in various languages, usually that of the author 
if he is not a Scandinavian. These journals commonly 
have Latin titles (1-12). One of the most important 
of these for American chemists is Acta Polytechnica, 
published by the Royal Swedish Academy of Engineer- 
ing Sciences. Since it has too much material for one 
journal, it is issued in sections: Chemistry and Metal- 
lurgy; Civil Engineering and Building Construction; 
Electrical Engineering; Mechanical Engineering; Phys- 
ics and Applied Mathematics. 

The appended title list is arranged alphabetically; 
the city of publication indicates the national origin 
and should be noted when the source is not apparent 
from the title. It is not a “complete” list, merely 
representative. Until all hands agree on what consti- 
tutes. “chemical interest’? nobody will compile a com- 
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plete list, and when somebody does the list is likely to 
be incomplete the next morning. Members of the 
Chemical Literature Division who consider themselves 
to. be documentalists please note one Swedish periodical 
which can be claimed to fall outside of “chemical in- 
terest” and does not appear in the list, namely Teknisk 
Dokumentation (Stockholm). 


LIST OF PERIODICALS AND SERIALS 


(1) Acta Agriculturae Scandinavica. Stockholm. 
(2) Acta Allergoiogica. Copenhagen. 
(3) Acta Chemica Scandinavica. Copenhagen. 
(4) Acta Endocrinologica. Copenhagen. 
(5) Acta Medica Scandinavica. Stockholm. 
(6) Acta Naturalia Islandica. Reykjavik. 
(7) Acta Pharmacologica et Toxicologica. Copenhagen. 
(8) Acta Physiologica Scandinavica. Stockholm. 
(9) Acta Polytechnica. Stockholm. 
(10) Acta Radiologica. Stockholm. 
(11) Acta Societatis Medicorum Upsaliensis. Uppsala. 
(12) Acta Tuberculosea Scandinavica. Copenhagen. 
(13) Avhandlinger utgitt av det Norske Videnskaps-Akademi i 
Oslo. 
(14) Betong. Stockholm (concrete). 


(15) Comptes rendus des travaux du laboratoire Carlsberg. Copen- 
hagen. 
(16) Danmarks Geologiske Undersggelse. Charlottenlund. 


(17) Dansk Patenttidende. Copenhagen. 

(18) Dansk Tidsskrift for Farmaci. Copenhagen. 

(19) Fiskeridirektoratets Skrifter. Copenhagen. 

(20) Fysisk Tidsskrift. Copenhagen (physics). 

(21) Geodaetisk Instituts Skrifter. Copenhagen. 

(22) Geofysiske Publikasjoner. Oslo. 

(23) Geologiska Féreningens i Stockholm Férhandlingar. 

(24) Hvalrddets Skrifter. Oslo (whaling). 

(25) Industritidningen Norden med Svensk Tidskrift for Indus- 
triellt Rattsskydd. Stockholm (Swedish patent journal). 

(26) Ingeniérs Vetenskaps Akademien. Stockholm. 

(27) Ingenigren. Copenhagen (engineering). 

(28) Ingenipr- og Bygningsvaesen. Copenhagen (construction). 

(29) Ingenigrvidenskabelige Skrifter. Copenhagen. 

(30) Jernkontorete Annaler. Stockholm (ferrous metallurgy). 

(31) Kemisk. Copenhagen. 

(32) Kongelige Danske Videnskabernes Selskab, Biologiske Med- 
delelser. Copenhagen. 

(33) Kongelige Danske Videnskabernes Selskab, Biologiske 
Skrifter. Copenhagen. 

(34) Kongelige Danske Videnskabernes Selskab, Matematisk- 
Sysiske Meddelelser. Copenhagen. 

(35) Kongelige Danske Videnskabernes Selskab, Oversigt over 
Selskabets Virksomhed. Copenhagen (Royal Danish 
Academy of Science, general). 

(36) Kongelige Norske Videnskabers Selskabs Forhandlinver. 
Trondheim (Royal Norwegian Academy of Science). 

(37) Kungliga Fysiografiska Sdllskapets i Lund, Férhandlingar. 

(38) Kungliga Lantbruksakademiens Tidskrift. Stockholm (agri- 
culture). 

(39) Lantbrukshégskolan och Statens Lantbruksférsok. 


ppsala. 
(40) Kungliga Lantbruks-Hégskolans Annaler. Uppsala (agri- 


culture). 
(41) Kungliga Svenska Vetensk kad s Handlingar. Stock- 
* holm (Royal Swedish Academy of Science). 
(42) Meddelande frén Kungl Lantbruksakademi Uppsula 
(agriculture). 
(43) Meddelande fran Statens Mejeriforsok. Malmé (dairy re- 
search). 


(44) fran Géteborgs Botaniska Traédgdrd. Gothcn- 
(45) Medddtanden fran Lunds Geologisk-M ineralogiska Insti‘u- 
tion. 
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(46) \feddelanden fran Svenska Textilforskningsi: Goth- 
enburg. 

(47) Meddelelse fra Vestlandets Forstlige Forsgksstation. Bergen 
(forestry experiment station). 


48) Meddelelser fra Carlsberg Laboratorium. Copenhagen. 


es Veddeleiser fra Dansk Geologisk Forening. Copenhagen. 

(50) \feddelelser fra Norsk Farmaceutisk Selskap. Oslo. 

(51) Meddelelser om Grénland. Copenhagen (Greenland journal). 

(52) Meldinger fra Norges Landbrukshggskole. Vollebekk (agri- 
culture). 

(53) Prix Nobel. Stockholm. 


(54) Skrifter utgitt av det Norske Videnskaps-Akademi i Oslo. 

(55) Statens Institut for Folkhdlsan, Meddelande. Stockholm 
(public health). 

(56) Statens Provningsanstalt, Stockhoim, Cirkuldr. 
Bureau of Standards). 

(57) Statens Vdatskyddsanstalt, Flygblad. Stockholm (crop pro- 
tection). 

(58) Svenska Forskningsinstitutet for Cement och Betong vid 
Kungl. Tekniska Hégskolan i Stockholm, Handlingar. 
Stockholm (concrete). 

(59) Svenska Gasverksféreningens Arsbok. 
works). 

(60) Svenska Lakartidningen. Stockholm (medical). 

(61) Svenska Mejeritidningen. Malmé (dairying). 

(62) Svenska Vagforeningens Tidskrift. Stockholm (highways). 

(63) Svenska Vall- och Mosskulturféreningens Meddelanden. 
Norrtalje (grasses and mosses). 

(64) Svensk Botanisk Tidskrift. Stockholm. 


(Swedish 


Stockholm (gas 
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(65) Svensk Farmaceutisk Tidskrift. Stockholm, 

(66) Svensk Fotografisk Tidskrift. Stockholm. 

(67) Svensk Kemisk Tidskrift. Adolfsberg. 

(68) Svensk Papperstidning. Stockholm. 

(69) Svensk Tidskrift for Industriellt Rdttsskydd. Stockholm 
(patents). 

(70) Svensk Trdévaru-Tidning. Stockholm (wood). 

(71) Sveriges Geologiska Undersokning. Arsbok. Stockholm. 

(72) Teknisk Tidskrift. Stockholm. 

(73) Teknisk Ukeblad. Oslo. 

(74) Tidsskrift for den Norske Laegeforening. Oslo (medical). 

(75) Tidsskrift for det Norske Landbruk. Oslo (agriculture). 

(76) Tidsskrift for Hermetikindustri. Stavanger (canning). 

(77) Tidsskrift for Kjemi, Bergvesen og Metallurgi. Oslo (chem- 
istry, mining, metallurgy). 

(78) Tidsskrift for Planteavl. Copenhagen (horticulture). 

(79) Tidsskrift for Textilteknik. Copenhagen. 

(80) Transactions of the Danish Academy of Technical Sciences 
A.T.S. Copenhagen. 

(81) Ugeskrift for Laeger. Copenhagen (medical): 

(82) Ugeskrift for Landmaend. Copenhagen (agriculture). 

(83) Universitetet i Bergen Arbok, Naturvitenskapelig Rekke. 
Bergen (University of Bergen Yearbook, Science Series). 

(84) Universitetet i Bergen Skrifter. 

(85) Uppsala Universitets Arsskrift. 

(86) Vdztodling. Uppsala (horticulture). 

(87) Vazxtskyddsnotiser, Vdaxtskyddsanstalt, 
protection). 


(88) Var féda. Stockholm (foods). 


Stockholm. (Crop 


* A PHOSPHINE FIRE FLASK 


[Evrror’s NoTE: This experiment involves a fire hazard and 
should be carried out with caution.] 


A rtask which spouts flame with no visible means of 
ignition provides a dramatic climax to a demonstration 
of chemical magic. The device works on the principle 
of displacement of phosphine gas which is spontaneously 
inflammable in air. 

The flask is shown in the figure. It consists of a 
one-liter Florence flask A, fitted with a two-hole rubber 
stopper into which are inserted a length of 12-mm. 
0.D. glass tubing, B, and a gooseneck C made of 7-mm. 
0.D. tubing. The demonstration is prepared as 
follows: The flask including the tube and gooseneck 
is filled with water. Care must be taken that no air 
bubbles are trapped in the tubes or between the 
stopper and the neck of the flask. The flask is then 
inverted into a pneumatic trough half filled with water. 
Phosphine, PHs, is prepared by heating a few pieces of 
white phosphorous with 40 per cent NaOH.' 

The generator is fitted with a delivery tube which 
dips below the surface of the water in the pneumatic 

‘Frey, Paut R., “College Chemistry,” Prentice-Hall, Inc., 
New York, 1952, p. 356. 


‘phere. 


CLYDE R. DILLARD 
Morgan State College, Baltimore, Maryland 


trough. When the gas from the delivery tube begins 
to ignite spontaneously at the surface of the water, the 
tube B is placed over the delivery tube and the flask is 
two-thirds filled with PH; by the displacement of 
water. A finger is placed over the end of tube B, and 
the flask is quickly set upright. Since the tube B now 
dips below the surface of the water left in the flask and 
the gooseneck is filled with water, the phosphine is 
safely out of contact with the air and the flask can be 
transported to the demonstration table. 
When water is poured in- 
to the flask through tube B, 
the PH; is displaced and ~ om B 
bubbles out through the SSS ; | 
gooseneck, bursting into 
flame as it meets the atmos- | 
Since the ignition 
is actually due to the pres- 
ence of a small amount of 
P.H, which is unstable, the 
flask must be freshly pre- / A 
pared no more than three 
hours-before the demonstra- 
Gem. 
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SEMIMICRO CRYOSCOPIC MOLECULAR- 


WEIGHT DETERMINATIONS 


Tue present suggestions eliminate two sources of 
difficulty encountered by the student in carrying out 
cryoscopic (Rast) molecular-weight determinations as 
usually described (1-4). The first of these difficulties 
is the thick glass lump usually obtained in sealing the 
end of the capillary which is in contact with the sample 
being determined. It is, of course, possible to blow out 
the end, but this is difficult for the average beginner. 
This lump causes a temperature differential between 
the melting-point bath and the part of the sample in 
contact with the lump. Since the crystals are usually 
heavier than the melt, they sink to the bottom and at 
this point they are in contact with the lump. This 
results in the recorded temperature being high, depend- 
ing on the thickness of the glasslump. The second dif- 
ficulty is that in trying to make the lump as small as 
possible, an opening is often inadvertently left which 
allows the bath liquid to creep in (especially at higher 
temperature where the viscosity is less) and ruin the 
determination. 

The designs found to be the most convenient are 
those shown. Figures 1 and 2 show two satisfactory 
capillary designs before being filled with solvent and 
sample. The latter can be introduced by using the 
conventional inner capillary tube and plunger (/—4) 
or by means of a micro-pellet. 

Figure 3 shows the U-shaped capillary after being 


filled, sealed, and attached to the thermometer. Figure 
RUBBER 
BAND 
— SEAL 
SEALED SAMPLE 
END 
THERMOMETER 


Figure 3 


A Simple Modification of the Rast 
Techniques Using Capillary 
Tubes 


A. G. PINKUS and B. G. BARRON 
Baylor University, Waco, Texas 


4 shows another method of shaping the capillary in 
order to accommodate the thermometer. A side 
view of this is shown in Figure 5. Figure 6 similarly 
shows how the hook-shaped capillary (Figure 2) after 
being filled and sealed off can be bent and attached to 
the thermometer. 

These designs also permit a thorough mixing of sol- 
vent and solute in the melt by proper manipulation. 
The modifications described have been tried in a quan- 
titative organic course and by research students and 
found to yield consistent and satisfactory results. 

Smaller bore capillary tubes of the same design are 
also suitable for accurate routine melting point deter- 
minations. 
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* THE TAPE RECORDER AS A TEACHING AID 


S:upents enrolled in difficult lecture courses are 
often faced with a note-taking problem. If they 
attempt to take very thorough notes, they may not 
understand all that they have written. On the 
other hand if they listen carefully and try to under- 
stand as the lecture proceeds, they are not able to get 
complete notes. 

This problem arises particularly when theoretical 
concepts are presented. If a tape recording of each 
lecture is available to the student he is often able to 
overcome these problems and to get the maximum 
benefit from the lecture. 

For the past two years I have tape recorded my 
lectures in the introductory course as well as those 
given in my advanced course in radiochemistry. 
These records, and a machine upon which they can be 
played, are always available in the office. Any student 
who wishes to do so. may hear a lecture again. The 
secretary puts the desired tape on the machine and the 
student or students sit about a table listening to the 
record. They are urged to study their lecture notes 
first and after having done so to listen to the recording. 
They listen while following the lecture in their note- 
books. A given part of the lecture may be replayed as 
many times as desired. Many points not previously 
written down can be added to the notes and a very 
complete, accurate set is obtained. 

This project has been enthusiastically received by the 
freshmen. Of the 180 who take the course, one or two 
come in every day of the week. About one-half of the 
students in the advanced course have made use of it. 
Those who have made use of it are very enthusiastic 
and say it helps a great deal. The superior student 
apparently has not felt the need of it. 


BENJAMIN P. BURTT 
Syracuse University, Syracuse, New York 


It is of special value to those who have been absent. 
It is possible evidently to get quite a bit from the lecture 
even without the visuals. (This must be kept in mind 
while lecturing and everything put on the blackboard 
should be mentioned aloud as it is written.) The 
availability of the recordings has not decreased lecture 
attendance. 

I have four 1800-foot reels of the new “extra play” 
tape for each course. Thus I can put two 50-minute 
lectures on one side of each reel when recording at the 
low speed (3%/, inches per second). 

When the semester is about half over, the earliest 
tapes are used again by wiping out the old lecture and 
recording the new. 

To save time in locating the beginning of the second 
lecture on the reel, a loud, low pitched noise is put on the 
record (with the volume as high as it will go) for about 
ten seconds of playing time. When played rapidly as 
in winding the tape to the desired point, this becomes a 
high pitched note and the second lecture is easily 
located. 

A lapel microphone is somewhat superior to a fixed 
microphone for it is always the same distance from the 
speaker. In addition, the background noises do not 
interfere. In the large lecture hall at Syracuse Univer- 
sity a public address system and lapel microphone are 
always used. One of the outputs from the amplifier 
is plugged directly into the recorder. 

Another use for the tape recorder has been found in 
the taking of experimental data. There are times 
when many observations must be taken in a short time 
and one’s hands may be occupied making adjustments. 
The observations can merely be recited aloud to the 
recorder and later transcribed into written form. ° 


DU PONT AGAIN SUPPORTS ST. LOUIS CHEMISTRY INSTITUTE 


Saint Louis Unrversirty has been awarded a $10,400 grant from E. I. Du Pont de Nemours and 
Company for the support of its Institute for the Teaching of Chemistry. 

The grant will provide for 16 fellowships valued at $350 each for chemistry teachers in high 
schools and junior colleges, enabling them to attend the University’s six-week program of the In- 
stitute to be held in the summer of 1956. The applicants need not be candidates for a degree. The 
Summer Institute program is comprised of five types of activity: special lectures, seminars in 
special topics of chemistry, seminars on the problems of teaching chemistry, informal conferences, 


and field trips to local industry and laboratories. 


The grant will also provide for two fellowships of $1650 for the support of qualified recent college 
graduates who wish to work toward a Master of Science in the teaching of chemistry during the 
- academic year 1956-57. - The degree program is tailor-made for graduate training in chemistry 
teaching. It combines advanced courses in chemistry, physics, mathematics, and education. 
Qualified applicants may write directly to Dr. T. A. Ashford, Director of the Institute for the 
Teaching of Chemistry, Saint Louis University, Saint Louis, Missouri, for further information 
concerning the fellowships atid a bulletin describing the Institute. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


* SEPARATION OF SOME AMINO ACIDS USING 
ETHANOL-ACETIC ACID-WATER 


For the undergraduate student in chemistry or biology 
a well-planned experiment in paper chromatography is 
an excellent experience in the separation and identi- 
fication of micro amounts of similar substances. Such 
an experiment need not require expensive equipment or 
excessive time from limited laboratory hours. Several 
fine student experiments have already appeared in 
THIS JOURNAL (1-13) during the last few years. This 
experiment is offered, then, as one incorporating ad- 
ditional techniques and the use of multiple dipping 
(14) to obtain more information from a single one-way 
chromatogram. 

In selecting the steps of the procedure and the 
materials, several objectives have been used as guides. 
First, in addition to introducing techniques, the ex- 
periment should involve problem solving in the actual 


1 Presented before the Pacific Southwest Association of Chem- 
istry Teachers at the Southwest Regional Meeting of the Ameri- 
can Chemical Society, University of California, Riverside, April 
30, 1955. 


TABLE 1 
List of Materials 


Prepared for the class in advance 

Amino acid stock solutions, 0.03 M. 

Unknown amino acid mixtures 

Capillary pipets 

Filter paper (Whatman No. 1) cut to size, 5 in. X 7 in. 
Ninhydrin solution, 0.2 g. per 100 ml. ethanol 

Isatin solution, 0.2 g. per 100 ml. acetone 
Photographic developing trays, 4 in. X 6 in. 


mbled by the student 
Developing chambers (three each): 
1000 ml. beaker, rimmed with rubber 
400 ml. beaker 
6 in. X 6 in. plate glass cover 
2. Pipets for solvents: 
5 ml., 1 ml., and 0.1 ml. volumetric 
3. Reagents: ethanol and acetic acid 


NS 


A Student Experiment in Paper 
Chromatography’ 


LYNORE SLATEN, MYRA WILLARD, and 
SISTER AGNES ANN GREEN 
Immaculate Heart College, Los Angeles, California 


identification of the components of an unknown mix- 
ture. Second, although the equipment should be as 
simple as possible, it should still be capable of refined 
separations. Third, the solvents should be inoffensive 
when used by the whole class under ordinary laboratory 
conditions; hence, an effort was made to avoid entirely 
the use of phenol and even butanol. Finally, the 
actual developing time should be kept within a lab- 
oratory period. That is, if the preparation of the neces- 
sary solutions and equipment were done in advance, 
the chromatogram itself should not require more than 
a three-hour period to spot, develop, dry, and measure. 

The amino acids were chosen because the extensive 
literature on their chromatographic separation (15-20) 
gives them high teaching value. Also, their number 
makes the preparation of a variety of unknown mix- 
tures easier for the instructor. 


MATERIALS NEEDED 


The list of materials in Table 1 includes the reagents 
and the apparatus needed. The stock solutions of an 
assortment of amino acids are made up either 0.03 M or 
0.5 per cent by weight. Since 100 ml. of each is sufli- 
cient for several classes, amino acids can be purchased 
in one-gram quantities. A thin layer of toluene is 
placed over each as a preservative. A good method of 
preventing contamination of the stock solutions is to 
attach a capillary pipet to each bottle by cutting a 
collar of heavy paper, such as that of an index card, and 
making two pin holes in it through which the capillary 
pipet is run. 

The color reagents, ninhydrin and isatin, must be 
made up in organic solvents when the dipping method 
(21) of applying them is used. Ninhydrin is prepared 
by dissolving 0.2 g. in 100 ml. of either 95 per cent etha- 
nol or pure acetone and is then stored in a dark bottle. 
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Isatin is a 0.2 per cent solution in acetone. These 
solutions can be poured out into the developing trays, 
used, and returned to the bottles. The ninhydrin used 
for the second development of a paper previously 
dipped in isatin should not be returned to the same 
bottle, however. 

The capillary pipets, used for spotting, are prepared 
in much the same fashion that melting-point tubes are 
made in organic classes. Rather wide tubing is heated 
and drawn out to a diameter of aboutonemm. Lengths 
of about 15 cm. are cut and heated gently in the 
middle to draw a still finer bore. These are cut at the 
restriction to make two pipets which fill by capillary 
action and deliver approximately 0.2 when pressed 
on absorbent paper. A sufficient number should be 
prepared so that cleaning will be unnecessary. 

Each student needs three developing chambers 
which he can assemble by placing a 400-ml. beaker in- 
side a one-liter beaker for each. The edge of the outer 
beaker is fitted with a rubber gasket made from rubber 
tubing slit lengthwise and the ends stapled or wired to- 
gether (22). This chamber is then closed enough by an 
inverted 5-in. watch glass or a 6-in. plate-glass square 
to enable a sufficiently constant atmosphere to be 
maintained. 


EXPERIMENTAL PROCEDURE 


Three rectangles of Whatman No. | filter paper, cut 
5 X 7 in. or approximately 12 X 18 cm., are each pre- 
pared by dotting lightly with a lead pencil about 20 
positions along one of the long edges, at least 2 cm. in 
from the edge and about 8 mm. apart. One cm. is 
allowed at each end to provide free space for fastening. 
The positions, along with the amino acid or mixture to 
be run at each position, are numbered and recorded in 
a notebook. Care in handling the papers is important 
since fingerprints sometimes contain sufficient amino 
acids to give the color tests. 

The three papers are then spotted with all the known 
amino acids and the unknown mixture. In spotting, 
the capillary pipet is dipped into the amino acid solu- 
tion; the tip is wiped on clean absorbent paper and 
then pressed momentarily to the proper position. The 
spot should not exceed 1.5 mm. in diameter on delivery, 
since it will expand to three or four times its original 
diameter during the developing. Thus, the size of the 
spot can easily limit the resolution obtainable in the 
short distance used. 

After spotting, the papers are formed into cylinders 
and fastened by using two hooks of thin, inert wire in 
such a manner that the two edges of the paper do not 
touch. 


The solvents are then pipetted separately into the’ 


400-ml. beakers in the developing chambers. Into 
each are delivered 5 ml. of ethanol (95 per cent), 1 ml. of 
distilled water, and 0.1 ml. of glacial acetic acid. 
These are mixed and allowed to stand approximately 
ten minutes to partially saturate the atmosphere in the 
closed chambers. Then the covers are lifted only long 
enough to insert the cylinders, centering each so that. it 


AMINO ACID 
WITH CAPILLARY PIPETTE 


ASS 


stands upright without touching the sides of the beaker. 
The solvent level should be slightly below the line of 
spots on the cylinder. The time is then noted and the 
solvent allowed to ascend the paper cylinders for one 
hour and ten minutes, or until the solvent front has 
moved up about 7.5 cm. above the base line of spots (23). 

The cylinders are removed from the chambers at the 
end of this time, and the solvent front marked. They 
are then placed upright on watch glasses in the oven at 
105°C. to dry for five minutes, or longer if the odor of 
acetic acid still persists. 

The color reagents, ninhydrin and isatin, are then 
poured into separate, small photographic trays or 
shallow dishes. One cylinder is rolled in the ninhydrin 
solution and returned to the oven to dry for from five 
to ten minutes. The second cylinder is rolled in the 
isatin solution and also dried at 105°C. for five minutes. 
The third cylinder is rolled in isatin and dried at 105°C. 
for five minutes, rerolled in ninhydrin solution and 
dried again at 105°C. for ten minutes. This manner 
of treating the third cylinder is a simple example of 
multiple dipping. 

Rolling, if done rapidly, will not distort the shape of 
the cylinders and the need of special drying racks 
will thereby be eliminated. Otherwise, the cylinder is 
unfastened and two film clips are attached with which 
to run it through the color reagents. Then it is hung 
up by one of these clips to dry on a wire rack in the 
oven. Wire coat hangers can be refashioned to make 
convenient standing racks. 

The following measurements and observations are 
then made on the developed chromatograms. First, 
the distance the solvent traveled is measured from the 
base line of the 20 original spots to the solvent front 
which has been marked just before drying. Next, the 
distance each amino acid traveled is measured from its 
marked base position to the center of its colored spot. 
The R, values for each are then calculated by dividing 
the distance each moved by the distance the solvent 
traveled. Lastly, the colors formed by dipping in 
ninhydrin, in isatin alone, and in isatin followed by 
ninhydrin are observed for each amino acid. 

From this information the student can deduce the 
composition of the mixture he received as an unknown. 
The obvious advantage of this method is the running 
of all the knowns on the same paper with the unknown. 
The student has standardized his own R, values and 
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TABLE 2 
R; Values for Amino Acids Using Ethano-Acetic 
Acid-Water 
g./100 ml. in Ry 
Amino acid 0.03 M sol. value group 

L( — )-Cystine (in 2 per cent HCl) 0.721 0.10 0 
pL-Aspartic acid .399 0.22 
Cysteine. HCl (added Na,SOQ;) 0.527 0.23 I 
L(+ )-Histidine- HCl .629 0.23 
Glycine 0.225 0.28 
L(+ }-Lysine- HCl 0.548 0.30 II 
DL-Serine 0.315 0.30 
L(+ )-Arginine 0.632 0.31 
)-Glutamic acid 0.441 0.36 
pL-Threonine 0.357 0.40 III 
—)-Tryptophan 0.613 0.40 
ie (in 2 0.287 0.49 

—)- ine (in per cent 

NHOH) 0.544 o.49f 
L( — )-Proline 0.345 0.53 
pi-Methionine 0.448 0.62 
pu-Phenylalanine 0.496 0.64 
p.-Valine 0.351 0.69 
pi-Isoleucine 0.394 0.79 VI 
L( — )-Leucine 0.394 0.79 

Temperature: 23°C. 


Ascending time: 1 hr., 10 min. 

Average solvent height: 7.5 cm. 

Solvent composition: 5 ml. ethanol (redistilled), 1 ml. water, 
0.1 ml. acetic acid 


color reactions for the amino acids under his own con- 
ditions of temperature, vapor saturation of the cham- 
ber, time of running, starting level of solvent, and spot 
density. These will not agree completely with those 
reported here in Table 2 unless the conditions used are 
duplicated exactly, which is highly improbable and also 
unnecessary. The student will obtain gratifying re- 
sults by relying on his own standardizations. 


PREPARING UNKNOWNS 


The selection of suitable unknowns is made easy by 
the arrangement of the amino acids in R, groups in 
Table 2. Combinations from the groups differing by 
from 0.15 to 0.20 R, units are readily separated in the 
one-hour run. Thus, many more mixtures can be pre- 
pared than those proposed in Table 4, which is a list 


TABLE 3 
Use of Color Reactions in Differentiating Amino Acids 
with Similar R; Values 
Color 
Color Color with 
with with tsatin- 
Ry group ninhydrin isatin ninhydrin Conclusion 
I R-V2 G-Bl R-V Aspartic acid 
(0.22 + 0.02) G-Bl G-Bl G Histidine 
R-Bn G-Bl V Cysteine 
Ill R-V G-Bl R-V Glutamic acid 
(0.38 + 0.02) R-V Pp R-V Threonine 
G P T(F) Tryptophan 
IV R-V G-Bl R-V Alanine 
(0.51 + 0.02) BI-G T V(F) Tyrosine 
Y(F) BU(B) Bi Proline 
ye R-V P R-V(F) Methionine 
(0.63 + 0.02) BI-V P BI-V Phenylalanine 


*R = red, Bl = blue, V = violei, G = grey, Bn = brown, 
Y = yellow, B = pink, T = tan, (B) = bright, (F) = faint. 
’ Valine not included because it can be identified by Rr alone. 
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of those checked and found satisfactory. This group- 


‘ ing will also aid the instructor who would like to select 


a smaller number of amino acids around which to plan 
the class experiment and still retain the same experience 
in separations. 

The instructor can prepare unknowns by mixing equal 
volumes of the stock solutions. Usually a few mil- 
liliters of an unknown mixture are sufficient. How- 
ever, if the unknowns are prepared in this manner it 
must be remembered that the resultant solutions are 
more dilute in any one amino acid than the stock solu- 
tion. Therefore, to obtain similar intensities of colors 
in the resolved spots, the unknown should be spotted 
two or three times. In order not to increase the diame- 
ter of the applied spot, each application should be 
allowed to dry before the next is made directly on top 
of it. 


INTERPRETATION OF COLOR SEQUENCES 


In order to identify amino acids within an R, group 
it is necessary to make use of the added information 
obtained from the color reactions on the three papers. 
The use of these color sequences in differentiating amino 
acids within the same R, group is illustrated in Table 
3. The colors resulting from treatment with ninhy- 
drin are quite distinctive in many cases, ranging from 
red-violet to blue-violet and including one pale yellow. 
These are especially intense when the reagent is pre- 
pared in an organic solvent and applied by dipping 
(21). In isatin, most of the amino acids produce a 


-series of pale blues and pinks while proline gives an 


intense blue. These colors are affected, although they 
are still quite distinct in many cases (24), by the pres- 
ence of acetic acid in the isatin solution. When the 
chromatogram is treated with isatin, followed by nin- 
hydrin, the colors are different again in many cases. 


CONCLUSION 


Methods incorporated into this procedure which may 
distinguish it from other student experiments are the 
use of ethanol-acetic acid—water as the solvent, the 
cylinder shape (25) for the filter paper which eliminates 
the need of supports or solvent troughs, capillary 
pipets for spotting, the dipping or rolling method of 
applying the reagents, and the use of multiple dipping 
to distinguish certain amino acids with similar /, 
values. 
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TABLE 4 
Some Suitable Unknown Mixtures for Student Separation 


Gave excellent results 
1. Alanine, aspartic acid, isoleucine 


2. Methionine, tryptophane 
3. Alanine, arginine, leucine 
4. Glycine, isoleucine, cystine, proline 
5. Aspartic acid, threonine, valine 
6. Alanine, histidine, leucine 
7. Histidine, phenylalanine, threonine 
8. Alanine, glutamic, isoleucine 
9. Isoleucine, lysine, tyrosine 
10. Leucine, lysine, cystine 
11. Methionine, threonine, cysteine 
12. Lysine, cystine 
13. Isoleucine, methionine, serine 


Gave good results 
14. Arginine, phenylalanine, tyrosine 
15. Glycine, histidine, tryptophan 
16. Methionine, serine, threonine 
17. Leucine, serine, cysteine 
18. Arginine, tryptophan 
19. Arginine, tyrosine 
20. Histidine, leucine, serine, tyrosine 


(21) Tornntgs, G., anv J. J. Kos, Anal. Chem., 23, 823 (1951). 

(22) Cuu, T. C., S. A. A. GREEN, AND E. J.-H. Cuu, J. Biol. 
Chem., 190, 643 (1951). 

(23) Barr, C. W., anp G. N. Kowxasany, J. Epuc., 32, 
353 (1955). 

(24) Sarrer, A., anv I. OrEsKEs, Science, 199, 124 (1954). 

(25) Wotrson, W. Q., C. Conn, W. A. DEVANEY, Science, 
109, 541 (1949). 


THE EGG & YOU 


Tere is something fundamental about an egg. It may become 
a chicken, an omelette, or a political weapon; it is both a way of 
life and a way of living. The price of an egg can become a sub- 
ject of angry and far-reaching disputation. A few years ago a 
vivacious lady wrote a best-seller with an egg production back- 
ground called ‘“The Egg and I.”’ Taken for granted as a basic 
form of food for thousands of years, the egg is stoutly established 
in the fabric of everyday existence. Yet the chemical and physi- 
cal properties of eggs have received genuinely detailed scientific 
study only in fairly recent times. A new DSIR publication, 
“Eggs and Egg Products’ (from HMSO, 1955, 106 pp., 4s. net), 
a joint report from the British Food Manufacturing Industries 
Research Association and the DSIR’s own Food Investigation 
Organisation, deserves wider readership than the specialised 
food industry range for which it is intended. For if the egg is 
so fundamental, its chemistry is surely interesting. 

There are few natural entities more complex in make-up. 
On the second page of this report we are told that “by carefully 
opening an uncooked egg”’ nine separate tissues can be identified, 
and of these the yolk is the ninth! Uncooked eggs are rarely 
to be opened with as much delicacy of touch! The shell itself 
also has four separate layers. Most of us think of the white of an 
egg as albumin, but in fact this part of an egg is composed of 
three classes of proteins, albumins, globulins, and glycoproteins. 
Much more is now known about these proteins as a result of ap- 
plying electrophoretic analysis. To date, nine different specific 
proteins have been identified in egg-white. After devoting 
some 14 pages to the chemical diversity of egg-white the writers 
of this report start their discussion of the yolk by remarking that 
“Tt is characterised by complexity.”” The Victorian curate’s 
diplomatic and sub-divided verdict upon his tea-time egg with 


the bishop was at least an early appreciation of the egg’s hetero- 
geneous possibilities. The yolk, in addition to two classes of 
proteins, contains lipids—true fats of triglyceride type, phos- 
pholipins, and sterols. The fat-soluble vitamins, A, D, E, and 
K are all present in the yolk; eight members of the water-soluble 
vitamin B complex have also been identified. Folic acid js also 
present. Only vitamin C seems to be distinguished by non- 
appearance. 

The preservation of eggs is probably the most important eco- 
nomic aspect of egg chemistry. The world’s eggs are still pro- 
duced seasonally even if breeders through the ages have raised 
the original jungle fowl’s annual output of 20 to 25 eggs to a 200- 
250 performance. Whole egg preservation is largely a matter of 
cold storage, with humidity control as an essential secondary 
influence. 

A temperature of 29-32°F. and humidity of 75-85 per cent 
(or even 90 per cent if there is good ventilation to offset the risk 
of mould-growth) are basic conditions for successful long-term 
storage. The use of carbon dioxide in the storage atmosphere, 
either in small amounts such as 2—2'/, per cent or above 60 per 
cent, is sometimes added to cold storage. In the higher concen- 


‘trations moulds cannot grow so the need for humidity control 


is greatly reduced; on the other hand, the dangerous thinning of 
the egg-white is stimulated. Oil-dipping before storage is now 
considerably practised. The rate of evaporation through the 
shell pores is substantially reduced, but whether another major 
claim for oil-dipping—a reduction in the rate of internal change— 
is genuinely sound seems open to argument. The freezing of de- 
shelled whole egg has become a large-scale operation today— 
even a medium-sized plant will freeze 200,000 eggs per day. 
—Reprinted from The Chemical Age 


| | 
: 
-4 


Iw a senior or first-year-graduate introductory course 

treating atomic structure, it is valuable and satisfying +1 
for the student to correlate assigned electronic con- 

figurations with spectroscopic evidence in the form of -1 
term symbols for the ground states of various atoms or Bh ks : 
monatomic ions. At this level the majority of students #bove. This gives a total spin dm, = S of */2 and 
have insufficient background to understand and apply Lim = 0. Hence, L = 0 and the ground state term 
the methods of spectroscopy for derivation of all the Symbol is ‘S.,, showing a multiplicity 2S + 1, and, 
possible terms arising from coupling of several equiva- J =|L—S8| (VJ = |L + 8| when the orbital is more 
lent electrons (for example, see Herzberg’). 
the assumption of Russell-Saunders coupling, the O 1s? 2s? 2p4 Al 1s? 2s? 2p* 3s? 3p! 
author has used a relatively simple system in which m m 

Hund’s rules are applied to any given configuration in a +1 Sm, =1 +11 Som = '/): 
formal manner which leads directly to the ground state ot Sm -=1 

It will be recalled that this type of a ap, -1— 2P1/, 
atom, L, to be calculated as the vector sum of the I; 


term symbol. 


One first writes down the possible m, values associated tl 
with the orbital type (s, p, d, etc.) being filled in the +2 4 


ELECTRONIC CONFIGURATIONS AND ATOMIC 
TERM SYMBOLS 


N. W. GREGORY 
University of Washington, Seattle, Washington 


Based on than half-filled). Similarly, 


mid) mis) 
for the electrons. Similarly, the S is the sum of the s; +2 I Ym, = */: +20 of Ym=3, 
assigned to the electrons. The J designation for the +1 1 41 7 ; 
atom is then calculated from the L and S for the atom ot Sim =3 ot Em = 0 
rather than from the summation of j; established for er ak 
each electron independently. Although the method at 1g 
here outlined may well have been used by others, a _ bes Pinna : 
description of it has not been noted in standard texts on Dy 1s? 2s* 2p* 3s? 3p* 3d" 48? 4p 4d 5s? Sp’ 4f"° 6s? 


+3 Som, =2 


valence shell. The available electrons are then placed +1 Yim =6 
(symbolically) in these suborbitals, one at a time, keep- ot 
ing spins parallel until pairing becomes necessary in -1f wf 
accord with the greatest multiplicity rule. For a given -21f 
number of unpaired electrons, Hund’s rule asserts that oe 


largest possible absolute value. 


to low-lying spectral lines. 
assume values of +1, 0, —1. 


the state with largest L will have the lowest energy. 
This value may be derived by filling the m, levels in The ease of handling atoms with large numbers of d or, 
such a way that the sum of m/s for all electrons has the _f electrons is illustrated for Co, Cr, and Dy. One need 
This sum will be not derive all possible terms, which is quite tedious, 
identical with L (the maximum value of M,) for the but can proceed directly to the ground state term. 

combined atom. The simplicity of the method will be Assignment of electrons in other ways, using only 
made evident in the following examples. 
In N with a configuration of 1s? 2s? 2p?, the 1s and _ principle, leads to M,; and Ms values which are eitler 
2s orbitals are filled completely and do not contribute component parts of the ground state term or of pér- 
For p orbitals, m, may mitted low-lying excited states. For some of the 
One may construct a simpler cases the better student can verify that ccn- 
table and assign the three 2p electrons as described sideration of all permitted arrangements leads to the 


the valence orbitals and following the Pauli exclusion 


1 Herzperc, G., “Atomic Spectra and Atomic Structure,” 
Prentice-Hall, Inc., New York, 1937, p. 133. 
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same set of terms derived by the usual method (Herz- 
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22nd MEETING 


’ The 282nd meeting of the New England Association 
of Chemistry Teachers was held at Phillips Exeter 
Academy, Exeter, New Hampshire, on Saturday, Octo- 
ber 8, 1955. Dr. William G. Saltonstall, Headmaster, 
welcomed the 80 members and guests and extended to 
them the hospitality of the Academy. 

The first speaker was Dr. Robert T. Hart, Assistant 
Research Director of the S. D. Warren Company, 
Cumberland Mills, Maine. In a discussion of “An 
industrial chemist looks at the chemistry teacher’ he 
pointed out the great need for trained scientists and 
engineers in the industrial and professional world of 
today, and stressed the necessity for secondary-school 
teachers to encourage gifted young men and women to 
enter the scientific professions. There are tremendous 
opportunities for college graduates both in teaching 
science and in commercial fields, with large starting 
salaries in the latter case. Dr. Ben Millard of the de- 


partment of chemistry at the University of New Hamp- 


shire next spoke on “Uses and abuses of gaseous ad- 
sorption in surface area determinations of finely divided 
materials.” He reviewed methods of determining ex- 
perimentally the actual ‘surface area’’ of finely-divided 
(colloidal) materials, particularly the method of ad- 
sorbing a monolayer of a gas under equilibrium con- 
ditions. He spoke particularly of difficulties presented 
when foreign molecules already coat the surface and 
interfere with the formation of the monolayer of hydro- 
carbon or of nitrogen. 

_In the afternoon John H. Beust of the science de- 


partment at St. Paul’s School, Concord, New Hamp- 


shire, told the Association of his experiences last sum- 
mer at the Oak Ridge Institute of Nuclear Studies in a 
course for secondary-school teachers. Because it was 
the first year this course had been held, it was particu- 
larly interesting to hear a report of its operation, type 
of lectures and experimental work, how to obtain sam- 
ples of radioactive material for high-school demonstra- 
tions, and where to get films on radioactivity and nu- 
The speaker felt that the program, closely 
related to classroom needs, was very profitable. 

The business meeting was called to order at two 
o'clock by President Marco H. Scheer. The secretary 
welcomed new members into the organization. The 
following joined at the Seventeenth Summer Con- 
ference and have not been previously listed in the 
minutes: 


John F. Baxter, Professor of Chemistry, University of Florida, 
Gainesville, Florida. 

Wallace J. Gleekman, Head of the Science Department, Wren- 
tham High School, Wrentham, Massachusetts. 

Lt. William F. Loranger, Instructor in Chemistry, U. 8. Military 
Academy, West Point, New York. 

John B. Martin, Science Teacher, Rutland High School, Rutland, 
Vermont. 

Stuart A. Mayper, Assistant Professor, Brandeis University, 
Waltham, Massachusetts. 

Merle F. Showalter, Assistant Professor of Chemistry, North 
Carolina State College, Raleigh, North Carolina. 


The following names have been added to the roll 
since the Summer Conference: 


Donald D. Coilier, Instructor in Chemistry and General Science, 
Lawton High School, Lawton, Oklahoma. 

James J. Deeley, 8S. J., Instructor in Chemistry, Cheverus High 
School, Portland, Maine. 

Melvin Merken, Science Teacher, Old Lyme High School, Old 
Lyme, Connecticut. 

David C. O’ Keeffe, Head of the Science Department, West High 
School, Manchester, New Hampshire. 

Wendell M. Osgood, Head of the Science Department, Newbury- 
port High School, Newburyport, Massachusetts. 

Edward L. Spalding, Head of the Science Department, Kimball 
Union Academy, Meriden, New Hampshire. 


Seward E. Beacom, newly appointed Editor of the 
NEACT Newsletter, said he would welcome news on 
summer employment for teachers and general news 
items which might be used in the Newsletter. 

President Marco H. Scheer announced the appoint- 
ment of Marguerite J. Houlihan, Lincoln Junior High 
School, Medford, Massachusetts, as publicity agent for 
the NEACT. He also announced the foliowing com- 
mittee to study summer employment for teachers: 
Stephen S. Winter, Chairman, Northeastern University, Boston, 

Massachusetts. 

Maryalice Moore, Taunton High School, Taunton, Massachu- 
setts. 

E. Harold Coburn, Bulkeley High School, Hartford, Connecticut. 

Robert I. Ellin, Rhode Island College of Pharmacy, Providence, 

Rhode Island. 

Standish Deake, Milton Academy, Milton, Massachusetts. 


The chemical education committee appointed is: 


. Maurice M. Whitten, Chairman, Gorham State Teachers College, 


Gorham, Maine. 
Sister Ernestine Marie, Ryan Memorial High School, Dorchester, 
Massachusetts. 
Anna Jane Harrison, Mount Holyoke College, South Hadley, 
Massachusetts. 
Eleanor M. Tucker, Abbott Academy, Andover, Massachusetts. 
John A. Timm, Simmons College, Boston, Massachusetts. 
Dorothy W. Gifford, Lincoln School, Providence, Rhode Island. 
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Members of the Association and their guests enjoyed 


debted to their host institution for its generous hospital- 
ity. A vote of thanks to Phillips Exeter Academy for 
its hospitality during the meeting was taken with en- 
thusiasm. 


283rd MEETING 


The 283rd meeting of the New England Association 
of Chemistry Teachers was held in joint session with 
the Eastern Association of Physics Teachers and the 
New England Biological Association on Saturday, 
December 10, 1955, at Northeastern University, Bos- 
ton, Massachusetts. Mr. Roy L. Wooldridge, Director 
of Cooperative Work at Northeastern, described the 
five-year plan in which students divide their time be- 
tween 10-week periods of study at the University and 
supervised work in industrial plants where they are 
full-time employees in the fields of their major training. 
Dr. Robert L. Nichols of the geology department, 
Tufts University, Medford, Massachusetts, gave a 
thrilling account of his experiences in the Antarctic on a 
90-day geologic sledge trip with a single companion. 
His Kodachrome photographs vividly illustrated both 
the beauty of the area and the rigors of life there. The 
third speaker of the morning, Dr. George Buchi of the 
chemistry department at the Massachusetts Institute 
of Technology, in his informative lecture on organic 
fungicides and insecticides, showed the molecular struc- 
ture of these compounds, comparing the older ones with 
the most recently developed and pointing out the con- 
ditions under which various ones are effective. 

Lunch was served at the Y.M.C.A. In the after- 
noon an interesting talk on polyelectrolytes and ion- 
exchange resins was presented by Dr. Stephen 8S. Winter, 
of the chemistry department at Northeastern Univer- 
sity. He discussed the physical chemistry of poly- 
electrolytes and the structures underlying the ion-ex- 
change process as well as the factors which affect the 
viscosity, ionization constants, and transport proper- 
ties of large molecules. 

President Marco H. Scheer opened the 283rd business 
meeting of the Association at 1:45 p.m. 

The secretary read the following names of teachers 
who joined at this meeting: 

Allan Abrahams, Chemistry and Physics Teacher, Central High 
School, Manchester, New Hampshire. 

William O. Foye, Associate Professor of Chemistry, Massachu- 
setts College of Pharmacy, Boston, Massachusetts. 

Walter F. Friel, Jr., Instructor, Providence College, Providence, 
Rhode Island. 

Robert A. Shepard, Assistant Professor of Chemistry, North- 
eastern University, Boston, Massachusetts. 

Sister Mary Benedict, O.P., Teacher of Chemistry, Dominican 
Academy, Fall River, Massachusetts. 

Sister Mary Charles Francis, R.S.M., Teacher of Chemistry, 
Mt. St. Mary Academy, Fall River, Massachusetts. 

Kenneth J. Tauer, Assistant Professor of Chemistry, Boston 
College, Chestnut Hill, Massachusetts. 

Revision of Chemistry Syllabus. Maurice M. Whitten, 
Gorham State Teachers College, Gorham, Maine, chair- 
man of the chemical.education committee, gave the 


a delicious dinner at the Academy, and were greatly in- _ 
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following progress report on the minimum syllabus re- 
vision : 


The committee would very much like to have the comments 
and suggestions from our fellow. teachers on the process of re- 
vision. I wrote to Professor Ina M. Granara because a number 
of teachers had spoken to me about the possibility of trying to 
convince the College Entrance Examination Board to limit its 
questions to material or topics covered in the NEACT Syllabus. 
In fact, this was a recommendation of the syllabus committee of 
1950. I should like to quote from Miss Granara’s letter. 

“T feel most sympathetic toward those teachers who wish to 
be told the exact framework within which CEEB questions will 
fail. I wish, however, that I could make each of them realize 
that a student who has been taught a moderate amount of factual 
material, who is well-versed in the why of facts and laws and who 
has been taught to think clearly—in short, a student who knows 
how to study—will make a good score on the chemistry or on any 
other examination even if he has covered only two-thirds or 
three-quarters of the course material usually taught. I know 
that Educational Testing Service and CEEB personnel are agreed 
on this point. 

“T cannot speak for ETS or CEEB, but I am certain that any 
communication from such a highly respected organization as the 
NEACT will be given thoughtful and careful consideration. I 
doubt that ETS will want to revert to the published syllabus 
again. It is their feeling that such regimentation is unhealthy.” 

To obtain some grass-roots opinions, I have consulted some 
members who are teaching secondary-school chemistry. In re- 
sponse to the question, ‘‘What materials should be deleted from 
the present syllabus?’’ most teachers have replied, ‘“None.’’ One 
suggested, “Solvay Process, and halide oxy-acids.’’ At the Sum- 
mer Conference of 1954 a syllabus discussion group recom- 
mended consideration of the deletion of those processes which 
are primarily of a physical or engineering nature, for example: 
water filtration, Frasch Process, and other mining methods. 

In response to the question, ‘‘What topics should be added?” 
several suggested expanding nucleonics and removing it from the 
supplementary list to the required section. Some made a similar 
suggestion with the material on organic chemistry. Some teach- 
ers said, ‘‘No new topics should be added.”’’ 

It might be interesting to note that the NSTA-ACS Secondary 
School Examination Committee, of which Elbert C. Weaver, 
Phillips Academy, Andover, Massachusetts, is chairman, voted 
during September 10-11, 1955, “that the preliminary work be 
based on the NEACT Syllabus as presented in the JouRNAL oF 
Epucarion issue of January, 1950.”’ 


Summer Employment for Teachers. Stephen 8. Win- 
ter reported for the committee on industry and teaching 
that it would recomend: 

(1) Setting up an employment clearing house in co- 
operation with A. C. 8. Sections to bring attention of 
summer jobs to teachers and of industry to teachers. 
It is to be publicized in the NEACT Newsletter, but the 
service will not be restricted to NEACT members. 

(2) The committee iclt that another committee of 
NEACT might bring attention of openings for secon:- 
ary-school science teachers to the attention of colleges 
to encourage qualified seniors to apply. 


18th SUMMER CONFERENCE 


Clinton 8. Johnson and Louise O. C. Swenson reported 
on the progress of the Eighteenth Summer Conference. 
The conference will be held during the week of August 
20-25, 1956, at the University of New Hampshire, Dur- 
ham, New Hampshire. The program will be announced 
later in the spring in this REPORT. Inquiries should be 
addressed to the conference secretary, whose name ap- 
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pears below. The following have been appointed to 
serve as the Eighteenth Summer Conference Committee: 


Co-chairman for Arrangements. Louise O. C. Swenson, English 
High School, Lynn, Massachusetts. 

Co-chairman for Program. Clinton 8. Johnson, Rhode Island 
College of Pharmacy, Providence, Rhode Island. 

Representative of Host Institution. Harold A. Iddles, Chairman, 
Department of Chemistry, University of New Hampshire, Dur- 
ham, New Hampshire. 

Registrar-Treasurer. Irwin H. Gawley, State Teachers College, 
Upper Montclair, New Jersey. 

Secretary. Charles M. Wheeler, Jr., James Hall, University of 
New Hampshire, Durham, New Hampshire. 

Publicity. Marguerite J. Houlihan, Chairman, Lincoln Junior 
High School, Medford, Massachusetts. 

Social. Beatrice C. Gushee, Chairman, Smith College, North- 
ampton, Massachusetts. 

Exhibits. Benjamin R. Graves, Chairman, South Portland High 
School, South Portland, Maine. 

Motion Picture. Norman W. Lafayette, Chairman, Hamden 
High School, Hamden, Connecticut. 

Guest Activities. Mrs. Marco H. Scheer, Chairman, Nashua, 
New Hampshire. 

Hospitality Chairman. George D. Hearn, Classical High School, 
Worcester, Massachusetts. 


The following additional committee members with 
their committee assignments were also announced: 


Assistant Registrar-Treasurer. Dr. and Mrs. Ralph P. Seward, 
Pennsylvania State University, University, Park, Pennsyl- 
vania; Mrs. Irwin H. Gawley, Upper Montclair, New Jersey. 

Publicity. David C. O’Keeffe, West High School, Manchester, 
New Hampshire. 

Program. Carl P. Swinnerton, Pomfret School, Pomfret, Connect- 
icut; David L. Davidson, Technical Operations, Inc., Arling- 
ton, Massachusetts. 

Guest Activities. Mrs. Carl P. Swinnerton, Pomfret, Connecticut. 

Social Evenings. Mrs. Maryalice Moore, Taunton High School, 
Taunton, Massachusetts; Lorne F. Lea, St. Paul’s School, 
Concord, New Hampshire; Mrs. Phyllis A. Brauner, Simmons 
College, Boston, Massachusetts. 

Theater Party. Angela M. Travato, Exeter High School, Exeter, 
New Hampshire. 

Picnic. Guy F. Burrill, Keene High School, Keene, New Hamp- 
shire. 

Exhibits. Edward M. Collins, Denison University, Granville, 
Ohio. 

Speaker Hospitality. George D. Hearn, Classical High School, 
Worcester, Massachusetts. 

Member Hospitality. Mrs. Thyra Jane Foster, Coventry High 
School, Coventry, Rhode Island. 


To aid the committee in maintaining the high stand- | 


ards set at previous summer conferences, a “‘ Manual 
for Summer Conference Committees” has been assem- 
bled by Professor Robert D. Eddy, Tufts University, 
who was secretary of the Seventeenth Summer Con- 
ference. It contains recommendations and procedures 
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found by previous committeemen to be helpful. It 

was distributed to chairmen by Miss Swenson. 
LEALLYN B. 
Secretary 


AN INEXPENSIVE MERCURY 
THERMOREGULATOR 


LOUIS W. CLARK 
Saint Joseph College, Emmitsburg, Maryland 


CoMMERCIAL mercury thermoregulators 
for use with electronic relays for thermo- 
stat water or oil baths cost approximately 
$40. Furthermore they are usually quite 
fragile, easily broken, and may be difficult 
to set. A simple, home-made thermo- 
regulator, easily constructed of inexpensive 
materials, has been used in this laboratory 
for the past year. Bymeansof this regula- 
tor, in a well insulated and efficiently 
stirred oil bath, any desired temperature 
up to about 170° can be maintained 
within +0.01°. Theonlymaterialsneeded 
are a 50-ml. pipet, a short piece of thick- 
wall capillary tubing, a short piece of plati- 
num wire, mercury, and a Bunsen burner. 

The lower stem of the pipet is heated in 
the Bunsen burner near the bottom of the 
bulb; it is drawn out to a fine capillary, 
and a short piece of platinum wire is sealed bn 
into the bulb. The upper stem of the 
pipet is filed off about five cm. above the 
top of the bulb, and a short piece of thick- 
wall capillary glass tubing is sealed on. 
A few centimeters beyond the seal the 
thick-wall capillary tubing is heated, 
pulled out slowly to a fine capillary about 
10 cm. in length, and filed off. In the figure, A is the 
point of junction of the truncated upper stem of the pipet 
and the thick-wall capillary tubing, B is the bulb of the 
pipet, and C is the platinum wire sealed into the bottom 
of the bulb. 

The bulb is filled with clean mercury and a short 
piece of platinum wire is inserted in the opening at the 
top of the thin capillary. The two wires are connected 
to the two terminals of an electronic relay which 
operates the heater. The method of setting is obvious. 


— 


FAIRY STORY AUTHOR DISCOVERED 


Tue article “A fairy story for chemists’’ on page 637 of the December issue was written by Carl 
Honaker, Associate Professor of Physics and Chemistry, Tennessee Wesleyan College, Athens, 
Tennessee. The story was first printed in the May, 1954, issue of The Branched Chain, section 
publication of the East Tennessee Section. 
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To the Editor: 


In many laboratory manuals the method for demon- 
strating the percentage composition of air calls for a 
graduated cylinder or eudiometer with iron filings ad- 
hering to its inner surface to be immersed mouth down 
in a battery jar of water. A piece of yellow phosphorus 
in a coil of copper thrust into the trapped air may sub- 
stitute for the iron filings. A day’s wait is necessary 
before final results can be determined for the percentage 
of oxygen removed from the air. This time is required 
for the iron to rust or the phosphorus to form phospho- 
rus pentoxide or phosphoric acid. There are many ob- 
jections to this splitting up of the experiment. I sug- 
gest the following variation. 

Place two small pea-sized pieces of clean white phos- 
phorus in a large Pyrex test tube, one at the base of the 
tube, and the other about half way up. Stopper the 
tube by holding a rubber stopper lightly but snugly in 
place in the mouth of the tube. Holding the tube hori- 
zontally, heat it gently but sufficiently to cause the 
pieces of phosphorus to catch fire. After burning 
ceases, cool the tube under the tap, insert the mouth 
into the battery jar of water, and then remove the 
stopper. Proceed as in the standard method, deter- 
mining the volume of water in the tube as well as the 
volume of the entire tube minus the space occupied by 
the stopper. Calculate the percentage of oxygen in the 
air. 

I have obtained uniformly excellent results by this 
method easily within a 10-minute interval. One impor- 
tant word of caution: Care must be taken to burn out im- 
mediately any unoxidized phosphorus. Otherwise, pain- 
ful burns may be caused to unwarned personnel. 


Mitton G. 
James Mapison Hicu ScHoou 
Brooktyn, New York 


To the Editor: 

My experience corroborates R. T. Sanderson’s com- 
ments in his letter (THIs JOURNAL, 32, 338 (1955)) that 
greater ability in mathematics, reading, and writing 
would better prepare a high-school student for college 
chemistry. 

It is possible that it is too late in high school to pre- 
pare future scientists. Their training begins many 
years earlier. Perhaps Rudolf Flesch is right in his 
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best seller book, “Why Johnny Can’t Read,” when he 
asserts that the reason why is merely that no one ever 
taught him to read by the sound methods of phonetics, 

Diligently I have sought an answer to the question 
why we have so many failures in our freshmen classes of 
chemistry for pre-engineers, pre-medics, pre-dental 
students, chemistry majors, etc. It does not seem to 
be mathematics background. It certainly is not a 
matter of having had high-school chemistry or not. 
It seems to be that an important factor is lack of com- 
prehensive reading ability. They call off words, but do 
not get the thought or the idea expressed by the words. 
Their knowledge of sentence structure is poor, their 
vocabulary is weak. They just do not know what the 
sentence states. Why? 

The question was asked by O. M. Smith and C. E. 
Marshall (THIs JouRNAL, 31, 658 (1954)): ‘What are 
the factors responsible for the drop in bachelor’s-degree 
chemistry graduates?” 

It is just as important to ask: why do so many 
freshmen in professional chemistry courses fail? 

The Chemical and Engineering News reports (33, 
4632 (1955)) more chemistry graduates in 1956 are 
expected than in 1955. Even though this be true, the 
questions, cited above, remain to be answered. 

In his recently published book, “Restoration of 
Learning,’’ Arthur Bestor points out that many of our 
schools emphasize “life adjustment’ at the expense of 
the basic three R’s of learning. He presents a positive 
program of reform, which should increase the ability to 
recruit more future chemists and engineers. Teaching 
college freshmen begins in the first grade. 


J. S. Hicks 


Sam Houston State TEACHERS COLLEGE 
HUNTSVILLE, TEXAS 


To the Editor: 

An interesting variation of the procedure for the 
standardization of oxalic acid by potassium perman- 
ganate is to carry out the titrations in the cold with 
decinormal solutions, using catalysts. 

To 25 ml. of the oxalic acid, 20 ml. of a catalyst + 
acid mixture (0.5 g. of MnSO,-7H2O + 10g. of ZnSO, :- 
7H,O + 100 ml. of 4.0 N H.SO,) are added. When the 
permanganate is run into this solution with constant 
shaking, the decolorization proceeds fairly fast at room 
temperature (30°C. in this writer’s laboratory) after a 
short initial lag. A lasting pink color is obtained at the 
same end point as obtained by the conventional method 
of hot titrations. Only a trace of the manganese salt 
need be initially present as more is formed in the course 
of the reaction. A large amount is undesirable because 
it reacts with the permanganate to precipitate mun- 
ganese dioxide. Cadmium sulfate can be used in place 
of the zinc salt. 


Arcot VISWANATHAN 
Loyo.a CoLLEGE 
Mapras, INpIA 
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To the Editor: 

Under the title “Apparent Degree of Ionization” 
(J. Cuem. Epuc., June issue, page 16 (1955)) the 
recommended comparison between acetic acid and 
hydrochloric acid in indefinite concentrations appears 
inadmissable to me. One must compare solutions of 
equ:! normality; for instance, 1 N HCl and 1 N CH;- 
COOH. If one does this then he will see a propor- 
tionally great difference in the conductivity, but strik- 
ingly enough only a slight difference in the rate of 
evolution of hydrogen when Mg is introduced. A 


e THE STRUCTURAL CHEMISTRY OF PROTEINS 


H. D. Springall, University College of North Stafordshire. 
Academic Press, Inc., New York, 1954. x + 376 pp. 115 
figs. 23tables. 14.5 X 22.5cm. $6.80. 
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In A relatively short number of pages Dr. Springall has given 
an admirably clear account of modern techniques of proteins 
from the chemist’s point of view. Over 800 references to the 
recent literature are cited, and hence the book serves as a con- 
venient handbook on the subject. 

The book is divided into five chapters. The first chapter 
contains a lengthy treatment of the evidence for the existence of 
the peptide bond in proteins. The second chapter constitutes 
one of the best reviews yet available on the in vitro synthesis 
of polypeptides. The third chapter contains a thoroughly up- 
to-date account of X-ray diffraction and infrared dichroism 
studies of fibrous proteins. The fourth chapter deals with 
physicochemical studies of globular proteins. The last chapter is 
a detailed account of amino acid analysis methods and results 
as well as amino acid sequential analysis. Perhaps this last 
chapter should have appeared as the third chapter, since evidence 
from amino acid and sequential analyses are used in protein 
structure work to supplement evidence derived from physical 
methods. 
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The treatment is on the graduate student level. In fact, 
this book should serve as an excellent text for a one-semester 
graduate course on the chemistry of proteins. 


GERALD OSTER 
Potytecunic INsTITUTE OF BROOKLYN 
Brooxtyn, New Yorke 


e THE PRESENT STATE OF PHYSICS 


Edited by Frederick S. Brackett, National Institutes of Health. 
American Association for the Advancement of Science, Wash- 
ington, D. C., 1954. vi + 265 pp. LIlustrated. 16 X 23.5 cm. 
Retail price, $6.75. Price to AAAS members, $5.75. 


Z Tuts volume, having a somewhat misleading title, is a compila- 
tion of papers presented at a symposium held at the New York 
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proof of this is that the time needed to free equal 
amounts of H; are in the ratio 8:1 (HCl:HAc). This 
behavior is hard to explain in light of the fact that 1 NV 
HCl (pH 0) is nearly 250 times more dissociated than 
1 N CH;COOH (pH 2.38). The respective rates of 
diffusion appear to play a large part here. 


WALFRIED SEEGER 
(Translated by P. Crosby) 


BuUNDESREALSCHULE !N DORNBIRN 
FELDKIRCH, VORARLBERG, AUSTRIA 


meeting of the American Association for the Advancement of 
Science in December, 1949. The symposium was concerned 
with four main topics, viz., elementary particles, solid-state phys- 
ics, chemical physics, and biophysics. These are very interest- 
ing and important segments of contemporary physics, though 
they certainly do not cover the whole of the science as it exists 
today and therefore scarcely justify the title. The individual 
articles are, moreover, somewhat specialized. For example, the 
group on elementary particles consists of two papers on cosmic 
radiation by E. P. Ney and J. C. Street, respectively, and one 
paper on the magnetic moment of the electron by P. Kusch. 
Theory is minimized, but the discussion of experimental details 
is very thorough. 

In the solid-state section, K. Lark-Horowitz presents an exten- 
sive review (the longest article in the volume) of semiconductor 
research. This evidently has been much expanded in publica- 
tion and contains references through 1952. Both experiment and 
theory are surveyed and there is an extensive bibliography.. The 
other two articles in this section are by Bardeen on electrons and 
holes in semiconductors, and by van Hippel on barium titanate 
ferroelectrics. 

Chemists will undoubtedly be interested in the article by Debye 
on the structure of polymers. This is primarily devoted to an 
exposition of the light-scattering method for studying these sub- 
stances. R. Lumry and H. Eyring provide a review of recent 
developments in the chemical kinetics of biological systems 
accompanied by a valuable bibliography. 

The section on biophysics is represented by articles on “Some 
physical and chemical properties of axons related to conduction 
of nerve impulses,” by F. Brink, Jr., and ““Bioluminescence and 
the theory of reaction rate control in living systems,” by F. H. 
Johnson. In each case the introductory material will be helpful 


_to the general reader, though most of the discussion is rather 


specialized. 

The American Association for the Advancement of Science is 
to be congratulated for having sponsored a symposium of this 
kind and for having arranged the publication of the results, which 
should be of interest to all scientists. 


R. B. LINDSAY 


Brown UNIVERSITY 
ProvipENce, IsLanp 
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* PROTECTIVE COATINGS FOR METALS 


Inc. Second edition. A. C. S. Monograph No. 129. Reinhold 
Publishing Corp., New York, 1955. xiv + 643 pp. 129 figs. 
Tables. 16 X 23.5cm. $12. 


AurtHouGH this volume is listed as a second edition, it is es- 
sentially a new book. Burns and Schuh of the first edition are 
now Burns and Bradley, and the size of the book has been in- 
creased from 407 pages to 643 pages. 
Principles of corrosion are discussed briefly in the first chapter 
to give background to the succeeding discussion, followed by a 
chapter on the preparation of the surface to receive the coating. 
Metallic coatings receive the main attention, with nine chapters 
devoted to the various metals used for surface coatings and the 
methods by which the coatings can be applied. Sprayed metal 
coatings have become so important that there is a chapter devoted 
to metals applied in this way. Otherwise coatings are discussed 
according to the metal, rather than method of application. 
A chapter gives standard test methods for metallic coatings. 
Whereas the earlier volume discussed only paints, this volume 
takes up the fundamental chemistry and composition of organic 
coatings in general, their application, and use, as well as per- 
formance and evaluation. This extensive addition is important 
in view of the many new polymers used in the formulation of 
paints and surfaces coatings. 
A change in composition of the surface by anodizing or similar 
treatment represents one general protective method disscussd 
in a separate chapter. Ceramic coatings have been made a 
portion of a chapter on special-purpose coatings, which include 
temporary and stripable coatings—the “cocoon” type of pro- 
tections. Certainly advances in the field of ceramic coatings 
will justify more space in a future edition. A new chapter 
briefly discusses corrosion inhibitors in water systems, air- 
conditioning equipment, acid pickling, and the petroleum and nat- 
ural gas industries. 

Metallic corrosion represents an annual loss of over five billion 
dollars in the United States alone; no one concerned with 
minimizing this loss can afford to be without this book. 


KENNETH A. KOBE 
University or Texas 
Austin, TExas 


e THE CHEMISTRY OF LIPIDS OF BIOCHEMICAL 
SIGNIFICANCE 


J. A. Lovern. John Wiley & Sons, Inc., New York, 1955. xiii + 
132 pp. 2figs. 4tables. 10.5 17cm. $1.75. 


A sErtEs of lectures presented in the department of biological 
chemistry of the University of Aberdeen was the starting material 
for this book. The author has amplified the material in the lec- 
tures to make the book more self-contained. This monograph 
may be used by different chemists for different purposes. The 
first chapter presents a classification of lipids with a discussion of 
the structure of the various types and gives a concise picture of 
different lipids which are recognized today. This chapter would 
be useful to anyone who wanted to get a general knowledge of 
the chemistry of lipids. The second chapter deals with the prep- 
aration and analysis of various lipids and would appear to be most 
useful to those people who might consider working in the field 
of lipid isolation. The chapter presents, in some detail, methods 
of preparation of different lipid fractions and the analysis of these 
fractions to ascertain their composition and purity. In the third 
chapter the subject of the existence of lipids in various tissues is 
presented. Considerable discussion of the association of lip- 
ids with proteins and means of breaking these complexes is given. 
In the fourth chapter the author discusses the dynamic state of 
lipids in the tissues. Particular attention is paid to the experi- 
mental technique of using isotopic tracers in studying lipid 
biosynthesis and turnover. The final chapter deals with the 
biological function of lipids. Actually, for many lipids the exact 


R. M. Burns and W. W. Bradley, Bell Telephone Laboratories, . 
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function is unknown, and therefore much of the chapter is of a 
speculative nature. All in all, the book presents a clear picture 
of lipid chemistry and goes a long way toward integrating the 
whole complex subject. 


R. U. BYERRUM 
Micuigan Strate UNIVERSITY 
East Lansine, MIcHIGAN 


e STATISTICAL MECHANICS OF IRREVERSIBLE 
CHANGE 


Richard T. Cox, Professor of Physics, Johns Hopkins University, 
The Johns Hopkins Press, Baltimore, 1955. viii + 130 pp. 
Figs. 16 X 23.5 cm. $5. 


OnE approach to the study of irreversible processes is on the 
phenomenological level of irreversible thermodynamics, as 
exemplified by the recent books of de Groot, Prigogine, and 
Denbigh. A second approach is on the molecular level of ir- 
reversible statistical mechanics, as in the work of Kirkwood and 
others. The present book adopts a middle course leading, how- 
ever, to a treatment which in its formality resembles irreversible 
thermodynamics much more than it does irreversible statistical 
mechanics. This is probably inevitable in any theory which does 
not go al] the way to a completely molecular approach. From 
this point of view, the title seems somewhat inappropriate, but 
perhaps a more accurate title would not be easy to come by. 

The middle course mentioned above is described in the au- 
thor’s own words as follows: 

“A thermodynamic system has microscopic detail in structure 
and its processes have microscopic detail in time. The method 
of molecular kinetic theory takes account of both kinds of detail, 
while the phenomenological method, like the classical thermo- 
dynamics of which it is the extension, ignores them both. Be- 
tween these methods there is a third, which ignores the molecular 
details of structure but takes account of the microscopic details 
of change. This is the statistical method employed by Gibbs, in 
which an entire thermodynamic system is taken as the statistical 
unit and the statistical ensemble is a collection of like systems. 
It is this method which will be followed here. It leads to a theory 
independent of structure, like thermodynamics, but it is not 
wholly concerned, as thermodynamics is, with observable 
quantities. The microscopic details of processes are no more ob- 
servable than those of structure, but it is in terms of them that 
macroscopic processes will be described.” 

The four chapters of the book are entitled: The Statistical 
Theory of Thermodynamic Equilibrium; Viscous Forces and 
Brownian Motion; Transport Phenomena; and The Constrained 
Approach to Equilibrium. 

This book is certainly a welcome addition to those of de Groot, 
Prigogine, and Denbigh. To complete the group, we now need 
a book on the molecular level—but the time is perhaps not yet 
ripe for this. 


- TERRELL L. HILL 
Mepicat Researcu InstTiruTe 
Betuespa, MARYLAND 


® MATHEMATICS AND MEASUREMENTS 


Merrill Rassweiler, Associate Professor of Physical Science and 
Mathematics, and J. Merle Harris, Assistant Professor of Natural 
Sciences, University of Minnesota. Row, Peterson and Com- 
pany, Evanston, Illinois, 1955. ix+35lpp. Figs. 15.5 x 23.5 


AccorpiNnG to the preface, this books attempts to close the 
gap between theoretical mathematics and its practical use. It 
is intended for people who expect to use mathematics for working 
with measurements. The various chapters deal with such 
matters as formulas, equations, graphs, the slide rule, calculation 
with measurements, and the strategy of problem solving. Many 
examples and problems are included, to make practical dis- 
cussions even more practical. 
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16. CARBON AND ITS 
INORGANIC COMPOUNDS' 


A. CARBON 


16-1 Exhibit: industrial diamond, graphite, char- 
et coke, boneblack, other varieties of car- 
on. 
Exhibit: atomic models showing tetrahedral 
structure of diamond, and hexagonal struc- 
ture of graphite, C-C distances 1.54 and 3.41 
gstroms respectively. See 15-6, footnote. 
Formation. A 400 ml. beaker set on 1-ft. sq. 
box top, 30 ml. cone. H2SO, in beaker, 40 g. 
sucrose dissolved in 30 ml. water in beaker. 
Mix quickly (Care): sudden froth-over of 
carbon. 
Black magic. Paste of 10 ml. cone. H.SO, 
+ 15g. para nitro acetanilide in 20 cm. evapo- 
rating dish on tripod over burner in hood 
(fumes obnoxious). Heat: a black mass of 
enormous volume emerges from dish. 
Absorption by C. A4 X 50 cm. glass tubing 
clamped upright over a 400 ml. beaker, with 
lower end tapered to 1 cm., and plugged 
loosely with glass wool. Fill with activated 
charcoal. A 400 ml. beaker of indigo solution 
(not too concentrated); white sugar and 
brown sugar. Pour indigo solution into 
tube: the blue dye is absorbed by the ac- 
tivated carbon, a colorless liquid runs out of 
the column. Explain the use of bone char- 
coal in whitening of brown sugar. 
See Figure 16-6. Wolff bottle + 25 ml. ben- 
zene, activated C in tube. Bubble gas 
through benzene and ignite at both nozzles: 


| 


*16-2 


*16-3 


*16-4 


*16-5 


ABSORPTION 
BY CHARCOAL 


Figure 16-6 


one is smoky because of benzene in the gas; 
the other is a blue flame because the acti- 
vated charcoal has removed the benzene. 


16-7 One ml. Br, in 3-liter Florence flask with 
rubber stopper, 10 g. activated charcoal. 
Add charcoal, shake: Br, is absorbed. 

Fifty ml. thistle tube leading through 2- 
hole rubber stopper into 100 ml. bottle filled 
with activated charcoal, delivery tube lead- 


*16-8 


Turn the page for additional demonstrations 


*Footnotes 


16-2 Explain how the model suggests that the graphite 
hexagons, 3.41 Angstroms apart, are in layers which 
slide past one another easily, making graphite greasy. 

16-3 Care with this: the sudden surge of aki soaked car- 
bon can cause severe damage to your face or hand. A 
more mysterious procedure is to fill a 400 ml. beaker 
one-quarter full of moist granulated sugar and pour 
upon it 200 ml. of conc. H,SO,: in about two minutes 
a column of black porous carbon rises magically from 
the mouth of the beaker. 

16-4 Do this in the hood, the fumes are obnoxious. 

16-5 Activated carbon for 16-5, 6, 7, and 8 can be made by 
the method in the footnote 16-3 above. Wash the 
black mass thoroughly, crushing it in your hands 
under running water (Care: conc. acid inside), spread 
out on a plate and dry thoroughly. Spent carbon can 
be re-activated by covering it with distilled water in a 
beaker and boiling completely dry. 

16-6 Benzene saturates the carbon in a minute or so, so do 
not pass gas too long if you want to repeat the experi- 
ment for another class. 

16-8 Leg bey this out beforehand, the activated carbon must 

resh 

16-9 Beware of s illing acid on hands; drain and flush 
formic acid down sink so it will not contact the skin; 
remember formic acid is the poison in the sting of some 
insects. Avoid breathing the CO. 

16-13 I have found the mercury hammer works far better 
with this acetone-dry ice mush than with liquid air. 

16-14 The jar may crack if the lumps of dry ice are put di- 
rectly into it, hence the protection of the asbestos 
lining. After blowing in the COs, wait for the convec- 
tion currents to subside before attempting to float 
the bubble. 

16-15 With only the bottom candle still burning, pour the 
dry ice down upon it, saying ‘‘see carbon dioxide puts 
out the flame.” ‘This never fails to amuse. 

16-16 Attention to details makes a difference here. A beer 
mug, a large spatula, a checkered red-and-white 
towel in true bierstube style adds to the professionalism 
of the demonstration. 

16-18 can by Colonel J. Edgar Morris, of Houston, 

‘exas 

16-26 Keep burning mixture over two feet from your nose. 
Do not use a large square of cheesecloth or more solu- 
tion; the SO, fumes are obnoxious. 

Labels for Topic 16. (For code, see instructions for assembling 
kits. J. Chem. Educ., 32, 12A (1955).) 16-3-J-Stock sugar 
solution: 1200 g. sucrose in 1000 ml. water, 16-3-J-sugar-aq., 
16-3-J-sugar-aq., 16-4-w-para-nitro-acetanilide, 16-5-J-acti- 
vated charcoal, 16-5-d-indigo-aq., 16-5-J white sugar, 16-5-J- 
brown sugar, 16-6-N. -benzene, 16-6-J-activated charcoal, 16-7-J 
activated charcoal, 16-8-J activated charcoal, 16-9-N-formic 
acid, 16-10-w-phosgene (stopper well), 16-10-w-NaHCoO,, 
16-10-N-limewater, 16-13-N-mercury, 16-13-N-acetone, 16- 
13-N-soapy water + glycerine, 16-16-Stock Solution A: 200 g. 
Al.(SO,); +1000 ml. water, 16-16-Stock Solution B: 2 g 
licorice + 1000 ml. water + 50 g. NaHCO;, 16-16-N-Sol. &: 
Al.(SO,);-aq., 16-16-N-Sol.B: licorice + NaHCO;-aq., 16- 
17-N-Sol. A: Als(SO,)e-aq., 16-17-N-Sol.B: licorice + Na- 
HCO,;, ., 16-17-N-gasoline, 16-18-J-Na,CO;, 16-18-J- 
NazCOs;, 16-18-N-methy] orange-aq., 16-18-J-Dreft, 16-18-N- 
dil. HCl, 16-18-N-dil. HCl, 16-19-d-KMnO,aq., 16-19-d- 
K,Cr.0-aq. 16-22-N-limewater, 16-22-N-limewater, 16-22- 
N-limewater, 16-23-J-powdered limestone, 16-23-N-HCl-aq., 
16-24-d-Cut?, 16-24-d-Cot?, 16-24-d-Ni 16-24-d-Ca*?, 
16-24-d-Sr*?, ’16-24-d-Ba*?, 16-24-N-Na,COr aq. 16-26-d with 
cork stopper-1 CCl + 2 Cs, 16-26-J-4” squares cheesecloth. 


{By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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ing into an inverted 50 ml. bottle in pneu- 
matic trough, three other 50 ml. bottles lying 
under water in the trough, 500 ml. beaker of 
water. Pour water into thistle tube: at 
least three bottles of air can be collected; 

the air is displaced from the charcoal on 
which it is absorbed. 


B. CARBON MONOXIDE 


*16-9 Formic acid, conc. H,SO,, burner, test tube 
with one-holed rubber stopper carrying 2 
mm. capillary tubing 15 cms. long. Mix 10 
ml. of each of the acids and ignite the carbon 
monoxide which is evolved: blue flame. 
16-10 Phosgene. Exhibit: tube of phosgene; let 
class smell it cautiously. 


C. CARBON DIOXIDE 


See Demonstrations 2-14, burning candle in 
dish of limewater; 10-4b, burning paper under 
water; 10-6, COs in air. 

16-11 Test tube one-fifth full of sodium bicarbon- 
ate over burner, with delivery tube leading 
into limewater. Heat gently: CO, evolved, 
and limewater turns 

16-12 CO, is heavy. Two 2-liter beakers counter- 
balanced on large scales, 2-liter beaker half- 
full of dry ice. Pour CO, into one beaker on 
scales, showing CO, is heavier than air. 

*16-13 Mercury hammer. Dry ice, mercury, ham- 
mer handle clamped with head resting in 
paper pill box in small crystallizing dish, 
board with six tacks, acetone, thermos bot- 
tle. Make an acetone-dry-ice mush, and 
pour it upon mercury in pill box. After 3 
minutes tear box apart and pound in tacks 
with mercury hammer. 

*16-14 Floating bubbles. Soapy water containing 

2% glycerine, 1 X 15 cm. tubing, 6-liter 

jar with its bottom lined with asbestos paper 
and one-fifth filled with dry ice, CO, 
extinguisher. A minute before demonstra- 
tion fill jar with CO, from extinguisher. 

Blow a soap bubble and shake it into the jar: 

bubble floats at juncture of CO,: air, and 
jar can be carried about with bubble still 
floating. 


CO, HEAVIER THAN AIR 
Figure 16-15 


Next month’s Tested Demonstrations in General Chemistry 
17. NITROGEN CHEMISTRY 
For a Complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9 (1955) 


*16-15 Step experiment. See Figure 16-15. A liter 
beaker half-full of dry ice, CO, extinguisher. 
Fill beaker with CO., light candles, pour 
down steps: candles extinguish. 

*16-16 “Synthetic beer.” Solution A: 200 g. 
(SO.)s + 1000 ml]. water. Foamite B: 2 g. 
licorice + 1000 ml. boiling water, cool, add 
50 g. NaHCO;. A 1-liter cylinder, spatula, 
fresh towel. Mix 50 ml. of A and B: foams 
over. Place towel over arm and wipe off 
‘*beer’’ foam. 

16-17 Foamite. Solutions 16-A and 16-B, baking 
pan half-full of water, gasoline. Pour 2 ml. 
gasoline upon water in pan, (Care) from dis- 
tance of 2 ft. throw in lighted match: fire. 
Pour 50 ml. of solutions A and B on the fire: 
foam extinguishes it. 

*16-18 Soft Drinks. Quarter-fill a large battery jar 
with water + '/, box of baking soda + 
methyl] orange to orange-juice color + cup of 
Dreft, Vel or other detergent. 500 ml. dil. 
HCl. Enquire who wants ‘“‘orange juice’’ 
or “‘strawberry soda.’’ Pour in acid: 
froths, turns pink. Danger: do not drink! 

16-19 Magic smoke. Two 2-liter cylinders filled 
to within 1” of top with water colored with 
KMnO,-aq. and K;Cr.O;-aq. Dry ice. 
Illuminate brightly. Drop in small chunks 
of dry ice: billows of white fog. 

16-20 Perpetual motion? Two cylinders or bottles, 
half-full of dry ice, with poorly-fitting glass 
stoppers: as dry ice evaporates the stoppers 
jump and twist. 


D. CARBONATES AND BICARBONATES 


16-21 Exhibit: limestone, coral, calcite, sodium 
carbonate, marble, pearls, chalk, oyster- 
shells, stalactites. 

16-22 A 2-liter cylinder containing saturated lime- 
water, lumps of dry ice. Illuminate brightly. 
Drop in chunks of dry ice: white precipitate 
of CaCO; forms, then dissolves to form bi- 
carbonate. 

16-23 Powdered limestone in test tube, dil.-HCl. 
Drop in acid (care, keep face away): CO, 
vigorously evolved; show it extinguishes 
match. 

16-24 Six test-tubes three-fourths full of water; 
Cut?, Nit?, Co+?, Cat?, Srt+?, Bat+?, Na,CO;- 
aq. Add a few drops of solutions of ions, 
+ Na,CO;-aq.: insoluble carbonates form. 


E. OTHER CARBON COMPOUNDS 


16-25 Exhibit: carborundum, carbon tetrachlo- 
ride, carbon disulfide, calcium cyanamide, 
these are carbon compounds made in the 
electric furnace. Exhibit: melamine plas- 
tics made from calcium cyanamide. 

*16-26 Cold flame. Mixture of 1 vol. CCl, + 2 vols. 
CS, in cork-stoppered bottle, 4” square of 
cheesecloth. Pour 1 ml. mixture on cloth, 
ignite: handle burning cloth. 
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Sensitive ~ Wide Range ~ Accurate + Fast ~ Stable 
Corrosion-Resistant + Low Cost 


Capacity 111 grams 
(201 grams using auxiliary weight) 


SENSITIVE TO 


0.01 grams or less 


¢ 3 Graduated Scale Levels 


¢ Hard, Cobalite Knife Edges 


¢ Grooved Agate Bearings 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.01 gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using the auxiliary weight listed below, the capacity 
can be increased to 201 grams. 


This is a convenient balance. The beam is con- 
structed to one piece, the three scales being at slightly 
different levels where they are easy to read and their 
riders are easy to manipulate. The riders cannot be 
removed and lost. Zero setting is fast because the 
final adjustment—which is often done carelessly be- 
cause it takes so long with other balances—is accom- 
plished by a leveling screw in the base. The usual 
threaded zero-adjusting weight is provided on the 
beam but is needed only for rough adjustment. 


Significant resistance to corrosion has been achieved 
by making every exposed metal part of this balance of 
stainless steel. The base and beam support are 
beautifully finished in durable, easy-to-clean, baked, 
on, silver-gray Hammerloid. 


The gradual deterioration of the knife-edges and 
bearings experienced in other balances has been 


No. 4030 


sharply reduced by making the knife-edges of Cobalite, 
a very hard, non-rusting metal which retains its orig- 
inal true edge for an exceptionally long time. The 
grooved agate bearings are designed and protected in 
such a way that they are rarely damaged. Yet they 
are readily accessible for occasional cleaning. 


The middle scale weighs up to 100 grams in 10-gram 
notched steps, the rear scale to 10 grams in 1-gram 
notched steps, and the front scale to 1 gram by a rider 
sliding over a scale graduated to 0.01 gram. All 
numerals and graduations are etched and filled black. 
An adjustable platform for specific-gravity determina- 
tions, and which may also be used to hold the pan 
from swinging during transportation, is included. 


The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 
the hanger is 10'/2 inches high. Each, $27.50 


4031. AUXILIARY WEIGHT. For use on the 100- 
gram notch of No. 4030 Balance to increase weighing 
capacity from 111 prams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 
ance. Each, $1.50 


4030C. PLASTIC COVER, For No. 4030. 
Each, $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparats 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


our firm or Institu- 


Scientific Glass Apparatus Co., Inc., 
iloomfield, New Jersey, announces the 
evelopment of a new reflux condenser 

own as the Dalin Coil Condenser which 

eatures a novel by-pass joint. Because 
Mf this unique construction, it is claimed 
hat the possibility of valuable products of 

synthesis spurting through the top of a 

looding reflux condenser is completely 
vercome, 


The availability of the Spectracord 
Mltraviolet recorder with a newly 
leveloped double monochromator for 
Mualitative and quantitative analysis has 
been announced by the Perkin-Elmer 

orp., Norwalk, Connecticut. 


Duralab Equipment Corp., 980 Lin- 
ood St., Brooklyn 8, N. Y., announces 
hat a complete line of Standard Designed 

me Hoods is now available with Con- 


tant Air-Flow, sinaiiiion the hoods in 
he laboratory to function as definite parts 
Mf the air-conditioning system. 


A completely new high vacuum pump 
as just been introduced by Central 
1700 Irving Park Rd., 

Called the Hyvac 2, 


Scientific Co., 
Bhicago, Illinois. 
ihe new pump is an addition to the com- 
\many’s renowned line of Hyvac pumps and 
I@elivers a free air displacement of 20 

iter: per minute, twice that of the Hyvac. 


i Labline’s new Stabiltemp Circulating 
Pystems for ’56 feature two models suit- 


able for circulating tempered water or 
oil through refractometers, distillation 
columns, spectrophotometers, and other 


devices requiring constant temperature. 
Contact Labline, Inc., 3070-82 West 
Grand Ave., Chicago 22, Illinois, for 
further information. 


p> A new, compact shaker that holds test 
tubes, beakers, flasks, bottles and can be 
used for any chemical or clinical pro- 
cedures where a rapid back-and-forth 
motion is called for, is now being manu- 
factured by Clay-Adams, Inc., 141 E. 
25th St., New York 10, N. Y. 


> A compact, precision instrument ca- 
pable of giving continuous and accurate 
readings of pressure under prolonged 
exposure to high temperatures and radia- 
tion has been developed by the Callery 
Chemical Co., Callery, Pennsylvania. 


p> The first completely self-powered pro- 
portional counter converter to be available 
commercially has been introduced by 
Nuclear Measurements Corp., 2460 N. 
Arlington Ave., Indianapolis 18, Indiana. 
Known as Model PCC-14, the new instru- 


JPlease mention CHEMICAL EDUCATION when 


Tough, flexible, chemi- 
cally inert Tygon is 
the logical choice to 
safely handle every 
laboratory tubing ap- 
plication. It couples 
easily, won’t kink or 
collapse. Glass-like 
clarity provides in- 
stant visual inspec- 
tion. All required sizes 
are stocked by labo- 
ratory supply houses 
everywhere. 
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OUT OF THE boride with a melting point of 3900°F. is 
now available from Fisher Scientific Co., 


E détor Basket 717 Fisher Building, Pittsburgh, 19, 
Pennsylvania. 


p A new variable speed Rotating Labora- 
tory Shaker by Eberbach provides con- 


ment converts any scaler into a propor- 
tional counter for measuring alpha and 
beta activities. 


p The Fisher-Gulf Partitioner is an 
instrument which makes an automatic 
qualitative and quantitative analysis of 
gases and volatile liquids by means of gas- 
liquid partition chromatography. Infor- 
mation is available from the Fisher Scien- 
tific Co., 309 Fisher Building, Pittsburgh 
19, Pennsylvania. 


tinuous, constant-speed rotary agitation 
p A tough new crucible, especially for at any setting from 125 to 350 r.p.m. Of 
metallurgical labs, made of zirconium great value in biological culture work, this 


Yes, we’re bragging—and understandably so; 
because we back our elaim with the uncondi- 
tional guarantee that if ALCOJET is not the 
finest machine detergent you have ever used, 
please return the empty box for a full 

cash refund. 


If you use a machine washer to clean 
laboratory glassware, Porcelain, Metal or 
Plastic equipment use ALCOJET, the detergent 
specifically designed to prevent streaking, 
spotting or film residues. 

ALCOJET is made by the manufacturers of 
ALCONOX, the world’s leading hospital 

and laboratory detergent for hand washing. 
Order from your regular Alconox supplier or 
write direct to Department M for free sample 
and additional information. 


of mache: 
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61-63 CORNELISON AVE., JERSEY CITY 4, Nv. J, 


type of agitation is also very helpful \i® ut © 
other laboratory applications. 
The enclosed power unit houses a co Ede 
stant-speed, split-phase induction mot 
which rotates the shaker platform thiroug) 
a 1'/:-inch diameter circle in the horizoy 
tal plane. Mechanical speed poros 
maintains constant shaking rate cespit@pew bell a 
changes in line voltage, load or temper : 
ture. A Revi 
Utility Box Carrier and carriers fg nev 1 
various size flasks available. Write Ebegpublished 
bach Corporation, Ann Arbor, Michigayglne., 60 E 
for Bulletin 560. Compo 
ystems 
jyram, a 
elastomer 
hemical | 
bulletin p 


NEW LITERATURE 

@ The most comprehensive compan} 

or peracetic acid is now available agfpany’s O1 
Bulletin No. 69 from Becco Chemicafiavailable { 


publication on the subject of epoxidatio 
and hydroxylation with hydrogen peroxid 
Division, Food Machinery and ChemicaChemical 


Corp., Buffalo 7, New York. equesting 
@ A high pressure research kit designe A new 
for service up to 3000 p.s.i. at 200°Rgon Ucon 


features a unique equalizing vent whiclfMhas been 
permits use of glass metering tubes ajgChemicals 
elevated pressures without fear of tub@™l7, N. Y. 
rupture. Complete design and construcimpplicatio 
tion details are contained in Brooks Rotangpolyalkyle 
eter Bulletin No. 140 ... available o 
request from Brooks Rotameter Co 
Lansdale, Pennsylvania. 
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@ The new catalog No. 5-A, describing 
equipment produced for the nuclear energ 
field, including the new Medical Spectrom 
eter and Focusing Collimator, is avai 
able upon request from Detectolab, Inc, 
affiliate of Borg-Warner Corp., 6544 
Sheridan Rd., Chicago 26, Illinois. 
1953-54 
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@ A revised, greatly expanded edition 0 
the brochure, Handling Metallic Sodiung 
on a Plant Scale, is now available from U. 
Industrial Chemicals Co., Division 0 
National Distillers Products Corp., 9 
Park Ave., New York 16, N. Y. 


@ Survey of Cachalot brand Fatty Alcohols 
a new 12-page booklet from M. Michd 


and Co., 90 Broad St., New York 4, N. Y.% Illinois 
describes a large line of straight-chailecently pi 
aliphatic alcohols. 4-10- 198 

SAMA St 
@ 1956 Edition of Laboratory Emergent... Th 


Chart is now available from Fisher Scier 
tific Co., 309 Fisher Building, Pittsburgh 19) 
Pennsylvania. The chart is a compreher 
sive, condensed, alphabetical compilatiot 
of A to Z (acetone to zinc) emergenc) 
treatments for specific poisons, particulal 
accidents and corrosive chemical burns. 


@ The Jarrell-Ash Co., 26 Farwell St, 
Newtonville, Massachusetts, offers a nevi 
Spectrographic Supplies Catalog which cor 
tains 13 pages of listings of special pur 
materials and alloy standards. 
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@ A new catalog of laboratory glasswar§Box 127, 
is now available from Corning (lasffthe public 
Works, Laboratory and 


Sales Dept., Corning, New York, manufac 
turer of Pyrex, Vycor, and Corning brani 
equipment. 

Among the items listed for the first tim 
in the 206-page publication are color Twenty 
coded pipettes, centrifuge tubes intere 
screw caps, precision bore tubing, new sizfP@8° book 
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contriind porosity tubular fritted filters, and 
clespit@ew bell and rectangular jars. 


tempers 

- A Review of the Zinc Industry in 1956, 
» new 13-page booklet, has just been 
published by The American Zinc Institute, 
ne., 60 E. 42nd St., New York 17, N. Y. 


Compounding formulations, curative 
ystems and extensive test data on 
‘yram, a@ new solvent-resistant acrylate 
companjmelastomer in development at Monsanto 
oxidatio—#Chemical Co., are contained in a technical 
-peroxid@@bulletin published recently by the com- 
ilable a@fpany’s Organic Chemicals Division and 
Chemicafavailable from P. E. McIntyre, Monsanto 
ChemicafChemical Co., Nitro, West Virginia, by 
equesting Technical Bulletin ODB55-21. 


designe A new 52-page booklet (Form 6500D) 
t 200°Ron Ucon synthetic fluids and lubricants 
nt whicifMhas been issued by Carbide and Carbon 
tubes afgChemicals Co., 30 E. 42nd St., New York 
of tub@fl7, N. Y. The booklet covers properties, 
-onstrucepplications, and characteristics of these 
Rotam@polyalkylene-glycol derivatives. 
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An eight-page booklet giving a brief 
description of eight Naugatex latices and 
also listing the uses for which each latex 
escribingiwas developed, can be obtained without 
.r energy@eharge from the Latex and Lotol Sales 
nectrom Department, Naugatuck Chemical Divi- 
is availgsion, United States Rubber Co., Nauga- 
ab, Inc,gtuck, Connecticut. 


COM Vie Geigy Industrial Chemicals, 89 Bar- 
; lay St., New York 8, N. Y., offers a 

1953-54 bibliography. on Sequesterene 

ethylenediamine tetraacetic acid). 


The Gardner Laboratory, Inc., 
Bethesda 14, Maryland, offers a 1956 
atalog, Testing Instruments for the Paint 
ond Other Industries. 


Alcoholifi@ The Scientific Apparatus Makers 
MichéMAssociation, 20 N. Wacker Dr., Chicago 
t, N. Y§5, Illinois, lists the following standards 
ht-chailffrecently published. SAMA Standard RC- 
4-10- 1955  Bimetallic Thermometers 
SAMA Standard RC5-10- 1955 Resist- 
Thermometers SAMA Standard 
RC6-10- 1955 Filled System Thermom- 
lers SAMA Standard RC7-10- 1955 
lass Stem Industrial Thermometers 
AMA Standard RC8-10- 1955 Thermo- 
ouple Thermometers (Pyrometers). 


A revised edition of the brochure 
Petrothene® Polyethylene Resins is now 
available from U.S. Industrial Chemicals 
0., Division of National Distillers Prod- 
ae 99 Park Ave., New York 16, 
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Ace Scientific Supply Co., Inc., P.O. 
Box 127, Linden, New Jersey, announces 
he publication of the latest copy of Ace 
entific Lab Features. This 46-page 
brochure lists the newest equipment avail- 
nble for research, analytical and control 
aboratories, 
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rst time 
. colorg® Twenty important scientific discoveries 
interestingly described in a new 64- 
1ew si page booklet entitled, Accidental Scientific 


Discoveries, now available from Schaar and 
Co., Chicago. 

Compiled and edited by Bernard E. 
Schaar, recently retired President of the 
Company, each article summarizes the 
work of such men as Priestley in the dis- 
covery of Oxygen, Belling as he developed 
the Smear Technique, Rontgen with 
X-Rays and Courtois with Iodine. The 
booklet also includes intriguing stories 
about the discovery of Rayon, Insulin, 
Petroleum Jelly, Photo-Sensitive Plates, 
Crystallography, Aniline Dyes, Plastics, 
Thiophene, Dental Amalgams, Benzene 
Ring and other historic advances in 
science. Keynoting the entire theme of 
the series is the preparedness of each 
scientist in seizing upon chance occur- 
rences to direct his investigation toward a 
successful goal. 

All of the articles included in the com- 
pact, interesting booklet which will make 


a valuable addition to any library, origi- 
nally appeared in Lab-ORATORY an exter- 
nal house organ published by Schaar and 
Co. to note recent developments in scien- 
tific apparatus and implements. 

For a free copy of Accidental Scientific 


Discoveries, write on your company 
letterhead to Schaar and Co., 754 W. 
Lexington St., Chicago 7, Illinois. 


@ A new forty-eight page catalog provides 
comprehensive technical information on 
the complete range of Barnstead Water 
Stills—from the well-known laboratory 
models to the large industrial units pro- 
ducing thousands of gallons per day. 

An outstanding feature of this hand- 
some and detailed catalog is the seven- 
step, pictorialized description, ‘“How a 
Barnstead Still Operates.’’ Description 
of automatic controls and operating con- 
trols are also included. 
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My 


5014 S. Center St., 


SYSTEM 


e Ideal for analyses, handling radio-active 
materials, organic preparations, biological 
work, 

e Enclosed work space provides maximum 
personnel safety. Remote handling devices 
available. 

e Extreme flexibility—units may be used 
singly or in connected groups. 

e Save space—units are small, compact, 
portable. 

e Save operating costs—lower power re- 
quirements for blowers, heating and cooling. 
e Accessories available to meet changing 
requirements. 


Ch J Bi I J R fii I | 
Free Catalog. Write for your copy of “The CBR 


System”—required reading for research and 
industrial laboratories. 


Aewaunee Mfg. Ce. 


J. A. Campbell, President 
Adrian, Mich. 


Representatives in Principal Cities 


process 
“4 «< 
34 
5 
2 
5 
8 
43 


TIRED OF EXTRA EFFORT? 
FHEN TRY 


model JRtype 2012 $285.00 - 


“AUTO -CLENCH” 


In the past everybody handled balances timidly, 
especially when moving the gram rider, knowing 
that a dislodged rider meant starting all over on the 
rocedure. ABC offers a simple gravity actuated, 
unctional protective device which automatically 
clenches the rider, obviating its loss, thereby creat- 
ing confidence and permitting faster operation. 


“EQUI - POISE” 


Absolutely eliminates any back lash or looping of 
the weighing chain. You are certain that all chain 
weighing is precisely correct. With Equi-poise 
nobody has to recheck to assure accuracy. 


“ARCH -RELIEF” 


Had any trouble with the beam sliding? All abc 
knife-edges are protected from torque problems by 
a method of relieving the centers of knives, yet 
permitting the knife-edge to remain in perfect con- 
tact with its bearing. 


FEDERAL SPEC. CERTIFICATION 


All abc balances are constructed, adjusted and 
tested to perform to Federal Specs. AAA-B-92. 
Certification is attached to case. When buying an 
ABC you know that it will perform as required. 


There are more EFFORTLESS features described in 
Bulletin JR. Write for your copy. 
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Radiation corrections are required. Calorimeter ~— 
is equipped with stirrer drive motor, certified Carbon 

thermometer and all accessories for testing solid eo 
or liquid fuels. Excellent for occasional or rou- ee 
aabdorat 

tine tests, or for student instruction in calo- | pedi 

rimetry. B Special s 

descripti 

| in use, p 


JOURNAL OF CHEMICAL EDUCATION, APRIL, 1956 


Please | 


4 
| 
| 
| 
i 4 - — 
q 
> 
a 
: < 
“te. 
AMERICAN BALANCE CORP. 
“408 POTTER AVE.,. NEW ROCHELLE, N.Y. 
44 
4 


ERS 


OUT OF THE 


Edtter's Sarcket 


Concise descriptions, numerous photo- 
graphs, clear, readable tabulations make 
this unusually useful and essential refer- 
ence book for anyone who uses distilled 
water, whether it’s for large-scale produc- 
tion operations, industrial research proj- 
ects, or important laboratory work. You 
may secure this catalog by writing Barn- 
stead Still & Sterilizer Co., 108 Lanesville 
Terrace, Boston 31, Massachusetts. 


@ Catalog Number 56, just published by 
Ac-Lab Equipment Co.,; 675 Timpson 
Place, The Bronx 55, New York, is now 
available. A complete line of water baths, 
ovens, incubators, sterilizers and similar 
equipment is illustrated and described. 


@ A reference table of spectrophotometric 
absorption cells and cell compartment as- 
semblies for the Beckman spectrophotom- 
eter has just been compiled by Will Corp. 
Forty absorption cells, including micro 
cells, are conveniently listed with complete 
specifications and prices. Also listed and 
illustrated are all Beckman cell compart- 
ment assemblies for both the models 
“DU” and “B”’ along with other Beck- 
man accessories for spectrophotometry. 
Copies of this new reference table are avail- 
able without charge from Will Corp., 
Rochester 3, New York. 


@ Schaar and Co. offers its new sixteen- 
page issue of Lab-ORATORY. Included 
among the many newly developed items 
are Ultra-Matic Balances, a new all 
polyethylene centrifugal pump, ‘“‘Thermo- 
ovens, “Quik-Stir’’ mixers, carts, 
chairs, stools and ladders. Other instru- 
ments of unusual interest to laboratory 
personnel are fully illustrated and 
described. Available on request from 
Schaar and Co., 754 W. Lexington St., 
Chicago 7, Illinois. 


@A revised Radioisotope Catalog, issued 
by Oak Ridge National Laboratory, is 
now available on request to scientific 
institutions, medical centers, industrial 
laboratories and other qualified persons, 
according to an announcement made by 
the Laboratory, which Union Carbide and 
Carbon Corp. operates for the Atomic 
Energy Commission. 

Nearly 100 different radioactive prep- 
arations made and distributed by the 
Laboratory are listed together with their 
respective specifications: and price. 
Special sections of the book are devoted to 
descriptions of the irradiation facilities 
in use, procedure for the procurement of 
isotopes, shipping information, special 
sources available, service or custom 
irradiations, neutron-activation analysis, 
and the Laboratory’s waste disposal 
service for users. 
_ The catalog, or information about radio- 
isotopes produced at Oak Ridge National 
Laloratory, may be obtained by writing 
to: Oak Ridge National Laboratory, 
Union Carbide Nuclear Co., Radioisotope 
Sales Dept., P. O. Box P, Oak Ridge, 
Tennessee. 

The catalog deals specifically 


with 


radioactive isotopes; information regard- 
ing the 175 stable isotopes available from 
the Laboratory may be obtained by writ- 
ing to the Stable Isotope Research and 
Production Division, Oak Ridge National 
Laboratory, Union Carbide Nuclear Co., 
P. O. Box P, Oak Ridge, Tennessee. 


NEW REAGENTS AND CHEMICALS 


@ Mallinckrodt Chemical Works, 2nd 
and Mallinckrodt St., St. Louis 7, Missouri, 
announces the addition of a colorimetric 
and chromatographic reagent, Acid Rub- 
eanic AR* (Dithiooxamide), to its line of 
Analytical Reagents. This orange-red 
to dark orange crystalline powder is a 
complexing agent which reacts with a 
number of metallic ions to form colored, 
insoluble rubeanates. It can be used in 
spot tests, colorimetric methods of analy- 
sis and paper chromatography. 


@ Tracerlab, Inc., 130 High St., Boston 
10, Massachusetts, lists, in the January 
issue of Tracerlog, new organic tagged 
chemicals which are now available for the 
first time. 


MISCELLANY 


% If you have lubricating problems you 
might find some interesting suggestions in 
Fred Luckenbach’s ‘Lithium Grease a 
Lubricating Panacea,”’ page 10 of Vol. 27, 
No. 2 of Foote Prints published by The 
Foote Mineral Co., 18 W. Chelten Ave., 
Philadelphia 44, Pa. 


% The Franklin Institute, Philadelphia 
3, Pennsylvania, announces a Projection 
Magnifier designed to help those who can- 
not read ordinary books, newspapers or 
letters even with glasses. It is an optical 
instrument that projects a three or five 
times enlarged image on a built-in illu- 
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Brand new 1956 special apparatus catalog 
makes it easier than ever to obtain 
hard-to-get glass labware 


If you’re one of the relatively few scien- 
tists who need unusual kinds of glass ap- 
paratus, this 1956 catalog may be of 
considerable help to you. 

Its well-illustrated pages give you lots 
of information about glassware we make 
to order for you. Its pages hold even 
more examples of special glass than did 
the first edition. 


Name. 


Coming means research i Glass 
CORNING GLASS WORKS 70-4 Crystal Street, Corning, New York 


Please send me your new catalog CA-2: 
“Custom-Made Laboratory Glassware by Corning.” 


To obtain your copy of CA-2: 
“Custom-Made Laboratory Glassware by 
Corning,” simply mail the coupon below. 

“(If you need special apparatus not in 
this new catalog, simply send us a rough 
sketch of the item you need, with dimen- 
sions. We will be glad to quote price and 
delivery.) 

Mail this coupon today! 


Title. 


Zone. State. 
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Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
mone ABSORPTION CELLS e COLORIMETER NEPHELOM- 
e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK N. Y. 


We recommend... 


= 


“The Versatile Desiccant”’ 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient— Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H2O per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral—Dries without reacting with either | 


acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative—Repeatedly after any normal 
use, by dehydration at 235 to 250°C. 


Economical— Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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minated screen and is manufactured and 
marketed by the American Optical Com- 
pany’, Eggert and Sugar Rds., Buffalo 1, 
Y. 

* The confused flour beetle, not much 
larger than a pin head is now being used at 
Rutger’s College of Agriculture to study 
the effects of trace minerals on the nutri- 
tional value of foods. These experimen- 
tal “animals’’ will save thousands of 
dollars and working hours in the course of 
their five year basic research project. 
Perhaps this diet information can be 
applied to chickens or maybe even to 
humans. 


* A guessing game that has kept scien- 
tists busy for centuries appears to have 
ended. According to Dr. J. Laurence 
Kulp and Dr. George L. Bate of Columbia 
University, Lamont Geological Observa- 
tory, this planet is some 4,800,000,000 
(almost five billion) years old. Their 
recent determination by the isotopic com- 
position of lead method is much higher 
than early estimates of two to three billion 
years and lower than more recent estimates 
of five to six billion. 

The two geo-chemists compared the 
isotopic make-up of modern lead with 
that of meteorite lead (which is assumed 
to be as old as creation). Lead is a mix- 
ture of four isotopes: 204, 206, 207, and 
208. Lead 204 is considered to be as old 
as the earth, while the other three are in 
part the end-products of decaying ura- 
nium and thorium. Using chemical analy- 
sis and arithmatic, Drs. Kulp and Bate 
determined how much of the modern 
lead had originally been uranium and 
thorium at the moment of the earth’s 
formation. Then, since the decay rates 
or half-lives of uranium and thorium are 
accurately known, they translated this 
into a time-span of 4,800,000,000 years— 
give or take two hundred million. 


* A Solar Energy Research Center in 
Arizona is now under consideration to 
provide a laboratory for basic and applied 
research projects and to establish the 
authoritative source of world wide infor- 
mation on solar-energy developments. 
Such an operation would be operated by 
Stanford Research Institute for the 
Association of Applied Solar Energy. 


* Giant polyvinylchloride plastic pack- 
ages, each with a capacity of hundreds 
of tons, may provide farmers with a low- 
cost solution to one of their major storage 
problems. Rutgers University farm crops 
scientists and agricultural engineers have 
reported favorable and encouraging results 
With silage put up in bags. These plastic 
silos are not expected to replace the stand- 
ard towerlike structures in which live- 
stock farmers store much of their winter 
feed supply, but they may be just what the 
farmer ordered to hold his reserve feed 
supply for farm animals. 


* Photos on aluminum now are possible 


with pre-sensitized aluminum “film” 
announced by the Metalphoto Corp., 
Cleveland. The aluminum sheets are 
exposed and processed in the same manner 
as ordinary photo paper, and can be 
immersed in various dye solutions. 


* Associations of Special Libraries and 
Information Bureau, 4 Palace Gate, 
London, W 8, England, offers Vols. 1 and 
2 of the Index to theses accepted for higher 
degrees in the Universities of Great Britain 
and Ireland. These volumes covering 
1950-51 and 1951-52 are available at 
25s. each. 


% Scientific Glass Apparatus Co. Inc., 
Bloomfield, New Jersey, announces the 
availability of a new type of stopcock 
grease known as KEL-F #90 a fluorocarbon 
lubricant which is recommended for metal, 
glass, plastic or ceramic parts. They 


claim that it offers extreme lubricity, is 
chemically resistant, and is easily removed. 


% What plans are America’s best young 
brains making now for their futures? 

According to figures compiled last week 
by the National Merit Scholarship Cor- 
poration, a very high percentage of them 
are aiming for careers where they are 
needed most—in science and engineering. 

The NMSC, currently conducting a 
nationwide hunt for the most able high- 
school seniors, assembled the figures from 
among the 5078 semifinalists in the search. 
The boys and girls involved come from 
every state in the nation. 

Results show that 56 per cent of the 
boys and 16 per cent of the girls among 
these highly talented youngsters desire to 
become engineers or scientists. Chemis- 
try, physics and various engineering fields 
hold the strongest appeal for this group. 


Aumouncing 


A NEW CATALOG | 


LISTING ALL THE 


COMPRESSED GASES 


Including special gas mixtures for instrument calibration, nuclear flow counters, cir- 
craft instrument filling, furnace atmospheres, fumigation and sterilization. 


CONTAINING THESE COMPLETELY NEW FEA- 
TURES to make the handling of compressed 
gases easier, more efficient and safer! 


@ Corrosive resistant regulators for use with 
anhydrous Hydrogen Chloride, Ammonia, 
Hydrogen Sulfide and many other corrosive 
gases. 

@ Complete line of special flowmeters cover- 
ing all normal laboratory flow ranges, 
calibration of which can be calculated 
from gas properties. 

@ Safety devices, such as small cylinder 
stands, check valves to prevent back-flow 
into regulators, and safety relief valves. 

The Matheson ‘‘QUICK COUPLER,“’ 

on practically all valves and 
regulators, allowing safe attachment 
to cylinder valves without the use of 
wrenches. 


SEND FOR A COPY OF 
OUR NEW CATALOG... 


COMPRESSED GASES! 


pressure and flow controls. 


Listing the world’s most diversified stock of 


Full descriptive data on approximately 75 compressed 
gases, including such information as cylinder pressure, 
cylinder dimensions, gas purity and recommended 


OPENING SOON 


A New Matheson Plant in California TO 
BETTER SERVE OUR WESTERN CUSTO- 
MERS, with a complete line of Matheson 
gases, regulators and valves for immedi- 
ate delivery! 


The MATHESON COMPANY, Inc. lex 


ME EAST RUTHERFORD, N. J. 


JOLIET, ILL. 
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[ STOP INJURIES | 
PIONEER THISTLE TUBES 


are UNBREAKABLE 


Molded of polyethylene, our 
THISTLE TOPS are a snug fit on 
6mm glass tubing. 


Student pushes glass tubing stem 
through stopper and then applies 
THISTLE TOP. Danger of badly 
cut hands is greatly reduced. 


Also available with a ten inch 
length of Saran tubing that may be 
used as a stem. 


ECONOMICAL as well as SAFE. 


Replace your glass thistle tubes with 
PIONEER THISTLE TOPS. 


T-6 THISTLE TOP only, for use with 6mm glass 
tubing, price....dozen $4.32 

case(72) 18.72 

T-6S THISTLE TOP with ten inch Saran stem, 
unassembled, price....dozen $5.52 

case(72) 25.92 


through leading supply houses or direct 
ask for latest bulletin minimum order $10.00 


PIONEER PLASTICS 


BOX 641 FAR HILLS BRANCH DAYTON 9, OHIO 


= 


WATER DE einerat. AZED TO HIGHER PURITY— 
AND TESTED in ONE cost COMPACT UNIT 


DEEMINIZER CL-5 


ION EXCHANGE DEMINERALIZER 


COMPLETE WITH DIRECT READING 
ELECTRIC QUALITY-CHECK METER. 


Reservoir supply for instant use. Capacity 
up to 5 gal. per hour. Constant gravity 
feed insures consistent quality. No flow 
control to set — no waste. Portable. No 

plumbing necessary. Keep a convenient 
DEEMINIZER® near each point of use 
— on each project. 


Crystalab DEEMINITE® ion exchange 
filters are super-charged by exclusive 
Crystalab process to insure maximum ad- 
sorptive capacity. Removes all ionized 
minerals and dissolved solids such as 
anions (sulphates, chlorides, bicarbonates, fluorides, silicates, 
carbonates, etc.) and cations (iron, nickel, calcium, man- 
ganese, sodium, etc.) Ionic purity of effluent less than 1 
ppm — initially. 


In use throughout the world as laboratory standard—order to- 
day direct—or through any leading supply. house. 
*DEEMINIZER 39.50 and carton INITE 
resin filters $11 

*Patent applied 


Technical Bulletin Available 
CRYSTAL RESEARCH LABORATORIES, INC. 


Dept L-55. 29 Allyn St. Hartford 3. Conn 


S.C. rare gases are the purest obtainable 


ARGON - 


HELIUM. 


KRYPTON - XENON 


LINDE rare gases are produced under continuous 
mass spectrometer control to assure you of gases 
of known purity and consistently high quality. 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. 
LINDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 
nicians and engineers to all of its customers on 
their rare gas problems. 

Write for the booklet, ‘““LinpDE Rare Gases’’ 
which contains information on the physical, chem- 
ical, and electrical properties of these gases. 


LINDE AIR PRODUCTS COMPANY 


A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street [IE§ New York 17, N. Y. 
in Canada: LINDE AIR PRODUCTS COMPANY 
Division of Union Carbide Canada Limited 
(formerly Dominion Oxygen Company) 
The term “Linde” is a registered trade-mark of Union Carbide and 
Carbon Corporation. 
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Acenaphthylene; Acetonedicarboxylic 
Aconitic Acid; Acridine Hydrochloride jenosine Diphosphate; 
Adonidine; “Alany| Alkaloids; Amino Amylase; 
Anserine Arachidonic Ac 
o-Arsanilic Acid, 
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E Erucic Acid; 
d!-Ethionine; etraacetic Acid; thylpyridinium 
Fructose-6-Phosphate, Gitoxin; Glucoascorbic Acid; Gluco- 
7 Glucuronides; Phosphate; 
Glyeylleucine, Glycyltryptop! Glye Hex 
kinase; Hyaluronic Acid; 4-Hydroxyecridine; b-Hydrony slutemic 
Acid; a-Hydroxyphenasine) 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide ic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyi-bis-Chloroethylamine; B-Methylerotonic Acid; 3- Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Red; Neurine Bromide; 
Nitrosomethylurea; lordihydrogusiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvie Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Pyocyanine Reductic 
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Sodium Amide; ium Fluoroacetate; ingomyelin; Sphin- it 
Stilbamidine; Sulfaquinoxaline; Tantalum Chloride; 0-Ter- 
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tri Tropic Acid; Tyrosinase; eves Uridine; COMIN 


3 Ursolic Acid; Vitamin Biz. 


Ask us for others! 
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DELTA CHEMICAL WORKS nc. NEW 
23 West 60th St. New York 23,N.Y. 
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The National Merit Scholarship Cor- 
poration was established last fall by grants 
totaling 20'/. million dollars from two 
leading foundations. Since then the 
NMSC has been conducting a nationwide 
hunt for the high school seniors best able 
to benefit from a college education. 

The purpose of the National Merit 
Scholarship program is to assist as many 
as possible of these top notch young people 
through a college education. 

Originally a million dollars was allo- 
cated to make scholarships available this 
year. But with the help of a number of 
leading American corporations now par- 
ticipating in the program, more than 3 
million dollars in scholarship money will 
be awarded this spring. 


% A new chemical process, carried out in 
an electric are at the flaming temperature 
of the sun, and which can vastly increase 
America’s usable supply of critical metals 
such as uranium, beryllium, lithium, and 
manganese, was recently described at the 
Polytechnic Institute of Brooklyn by 
Dr. Samuel Korman. 

In the high-intensity are process 
described by Dr. Korman for the first 
time in a metallurgical application, sun 
temperatures, ranging from 13,000° to 


18,000°F. are attained by bombarding an 
ore target with an electron stream of such 
unusually high intensity that it results 
in the vaporization of even the most heat 
resistant and unmanageable materials. 
The ores are vaporized almost instan- 
taneously under the electronic assault 
and expand in vaporous forms at 100 
miles per hour speeds. The vapors are 
then collected, and the desired metals 
may be separated by conventional chemi- 
cal means. 

Dr. Korman discussed the physics of the 
high intensity are and the manner in 
which it is derived as distinguished from 
ordinary ares. As the electron stream 
entering the target increases, an electronic 
“‘log-jam’’ occurs and the negative space 
charge produces a concentration of energy 
at a point such that the temperature 
exceeds the boiling point of the material, 
which begins to boil vigorously. 

The resultant vapor is ionized and this 
vapor jet streams from the high-tempera- 
ture region of the anode at a speed of 
Mach 0.2-0.5. Since the vapor jet is a 
stream of ionized particles of abnormally 
high flux (10-100 amperes), it can be 
deflected and accelerated by electro- 
magnetic fields to effect mass separations 
of desired material. 

Participating in revolutionary new 
advances in high-temperature chemistry 
and metailurgy, the high intensity arc is 
coming into its own as a unique device 
reversing in great measure those chemical 
reactions which originally produced the 
earth’s composition. 
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POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER 


This new edition has been completely re- 
vised, reset and enlarged to approximately 
twice the number of pages in the original 
edition. 


Perhaps nowhere else can be found the 
kind of comparison of different electro- 
chemical methods of analysis made by 
Dr. Miiller. Discussions are given in 
simple language of conductometric titra- 
tions and electrophoretic methods and 
their relation to electrolytic, potentio- 
metric, and polarographic methods. 


Various types of current observed in 
polarography (residual, absorption, migra- 
tion, diffusion, kinetic and catalytic) are 
treated extensively and each is illustrated 
by simple experiments which can be car- 
ried out in any student laboratory. Dr. 
Miiller shows how to distinguish between 
these types of currents and how to 
recognize diffusion, kinetic and catalytic 
currents by varying the drop-time or -size 
of the mercury electrode. 


The author has presented a new approach 
to the problem of polarization of an elec- 
trode which may have some value for 
student instruction. Detailed discussion 
of this problem includes directions for 
testing the non-polarizability of an elec- 
trode. 


Rather than enumerate a number of de- 
tailed analytical procedures, Dr. Miiller 
has given the principles on which these 
are based, with sufficient instruction to 
enable anyone to develop his own, or 
carry out a published analytical procedure. 
Following the given directions, no one 
should find it difficult to test the polaro- 
graphic reversibility of a reaction or to 
determine the coordination number of a 
complex metallic ion. 

Every experiment described in POLARO- 
GRAPHIC METHOD OF ANALYSIS 
can be carried out with the simplest of 
apparatus. Complete details for con- 


~ “struction of such apparatus are given in 


the book. 
209 pp. 


$3.50 
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and biographical sketches. Abstracts, 
book reviews and extended discussions 
of subjects impossible to include in 
textbooks are regular features. 


These articles are clear, concise and 
authoritative. They are varied in topic 
and sufficiently non-technical to be of 
general value. They form a living text 
book of chemistry—an invaluable 
source of material not to be found in 
reference volumes, or elsewhere. 


—s of chemists and chemistry 
teachers use the JOURNAL in their own 
special way to meet their own special 
problems, and it is readily adaptable to 
a multitude of such uses. You too, 
will find the JOURNAL helpful, in- 
formative .... and highly readable. 
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Av waar age can a child’s education in physical science 
begin? Is it educationally sound, or is it the conse- 
quence of tradition that when the B.A. chemist walks 
off the commencement platform he has crowded 100 
per cent of his chemical education into only about 35 
per cent of his student life? We wonder what would 
happen to both the number of chemically trained 
graduates and to the quality of their training if they 
had begun to think like chemists at a younger age? 
Our guess is that both would increase. 

We could be accused of educational double-talk for 
that “think like chemists” phrase. What we mean is 
that somewhere along the line a child should be given 
the intellectual treat of contriving an experiment and 
explaining his results in a vocabulary of abstract ideas. 
We are not just- talking about “happy hours with the 
test tube.”” That may be the place to start, but unless 
he is helped beyond there, his mind never will be 
stretched into growing, his mental knives will not be 
sharpened. A third-grader cannot see a molecule any 
better than the expert in quantum mechanics, but he 
can appreciate and use the idea to explain why a balloon 
is blown up when he ties it shut with a piece of dry ice 
inside. Is this really any more difficult than learning 
that spiders have eight legs, insects six? If the ques- 
tion “why?” is part of the puzzle, it is much the simpler 
answer to comprehend. 

It always seems paradoxical that the labels ‘‘easy”’ 
and “hard,” as used by the average product of our 
educational system, are exactly opposite to the degree 
to which the essential concepts of the scientific subject 
are simple or complicated. What is the push-over sub- 
ject from grammar school days? Hygiene. How 
many sad personal experiences attest to biology’s hav- 
ing been easier to pass than chemistry? Physics? 
Ordinary minds never could make sense out of that 
8s = '/,at? stuff. And math? 
nothing simple about it! 


That’s for Einstein— . 


The true hierarchy of concepts runs in opposite se- 
quence. Mathematics’ order and operation are basi- 
cally rules of the game. Until calculus comes along the 
games are simple. The physicists’ manipulations of 
matter and energy seldom ask the more perplexing 
questions which the chemists ask about the driving 
forces of chemical reactions. Life, the essential focus 
of biological science, is a much more complicated phe- 
nomenon. Human life is so complex a study that all 
but the empirical techniques of investigation in medi- 
cine are difficult to define. 

Why then the paradox, the missing parallel between 
“easy” and simple, “hard” and complex? Obviously, 
the labels reflect the student’s experience, the way the 
subjects are taught as well as what subjects are taught. 
Description is easier than analysis; observation is 
easier than abstraction. Hygiene is not medical science 
any more than learning the multiplication table is being 
a mathematician. Posing even a simple problem, seek- 
ing pertinent information by experimentation, inter- 
preting and testing the guess by more experiments is an 
unknown educational experience. We believe that 
some physical science at the elementary level could 
supply this. It could be the medium for the most 
fascinating mind-stretching the young intelligence 
could get. 

Curiosity is childhood’s science. “Why?” is probably 
the most used word in the juvenile vocabulary. Pat 
answers which raise no further “whys?” stop the ques- 
tions. Ultimately sophistication sets in. Answering 
questions from a mental card file of obscure information 
may bring $64,000 and national notoriety; asking really 
new questions and figuring things out is not nearly so 
enviable. Need it always be so? We think not. So- 
ciety’s emphasis never may be changed, but we think 
that young minds should have more fun than just tuck- 
ing away information. In fact, we think they deserve 
it. 
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METALS' 


INTRODUCTION 


In the past 20 years it has become increasingly 
evident that the species present in aqueous solutions 
of compounds of polyvalent metals with simple anions 
are much more complex than was formerly believed. 
The concept of hydrolysis, or, in the Brénsted terminol- 
ogy, acidity of hydrated metal ions, is now included 
even in elementary texts, as is a discussion of complex 
ions. 

Yet, these concepts are too often introduced as some- 
what special topics with the implication that they apply 
only to a few special or rarely encountered situations. 
Many students retain the impression that these proc- 
esses may usually be ignored in considering the chem- 
ical and physical properties of electrolyte solutions. 
They visualize the dissolution of AlCl;-6H,O in water, 
for example, to be described completely by the following 
equation: 

AICI;-6H2O(solid) [Al(H20)z] *%(aq) + 3Cl-(aq) (1) 


In many cases such equations may be quite satis- 


1 The first in a series of three papers on this topic to be pub- 
lished in consecutive issues of THE JOURNAL OF CHEMICAL Epuca- 
TION. 
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pH of an Aluminum Chloride Sol on Addition of Various 
Salts 


& ON THE SPECIES PRESENT IN AQUEOUS 
SOLUTIONS OF “‘SALTS”” OF POLYVALENT 


I. History and Scope of Discussion 


LEWIS POKRAS 
Polytechnic Institute of Brooklyn, Brooklyn, New York 


factory. However, in many equally important cases, 
such thinking can lead only to erroneous conclusions 
concerning the properties of solutions. Even in the 
simple cases, precise physicochemical measurements 
cannot be explained on the basis of equation (1). 

This paper will outline most recent thinking in this 
field and present part of the evidence for the conclusions 
drawn. It will also demonstrate that equations like 
(1) represent the exceptional case rather than the rule. 

To generalize, we will consider compounds? of the 
type: M,*”X,~*-cH,0, where M is a metal in oxidation 
state +y (y>1) and X is (usually) a simple inorganic 
anion like nitrate, chloride, or sulfate, of charge —z. 
The c molecules of water per empirical formula unit of 
the compound may, in the solid state, be bound in 
several different ways which are not of interest in this 
discussion. 

The primary process which occurs on dissolution of 
the solid compound in water is often represented by 
equation (2): 

a[M(H;0)q] (aq) + bX-~(aq) (2) 

Each metal atom becomes the center of a “relatively 
free” solvated ion of charge +y. The ‘complex ion” 
is enclosed here by brackets, as are all other complex 
ions in this paper. 

The number of waters per ion, represented by the 
symbol d, cannot be assumed equal to the maximum 


H:0 


2 Several of the reviewers of this paper have objected to the 
use of the term “salt’’ for the metal compounds of interest here. 
Their objections are well founded on several grounds; yet there 
is no alternative word or simple phrase which can be substituted. 

The phrase “metal compound’’ is too general since species 
such as borides, nitrides, carbides, etc., are of no interest here. 
Reactions between anions (such as carbonate) and water are of 
secondary interest, except where the products of such reactions 
may be involved in further reactions with the metal-ion species. 
“Electrolyte” is also too broad, since it includes HNO;, NaOH, 
etc., which are excluded from this paper. 

Conversely, the phrase ‘‘metal-ion’’ or aquo-ion is too narrow, 
since it is precisely the interactions between such ions, water, 
and common anions which constitute the subject. We wish to 
inquire as to the various complex species which may form when 
a single pure solid substance (such as written generally in equa- 
tion (2)) is dissolved in water. The properties of such solutions 
are not the summations of properties of simple cations and anions, 
but reflect interactions between the simple ions. We are, 
therefore, forced to use the word “salt’’ for this class of solutes 
for want of a better, generally accepted term. 


152 


vOLU} 


coordi 
transf 
yields 
solvat 

Litt 
equati 
many 
deterr 
are ou 


HISTC 


Int 
solutic 
bases 
aqueo 
sociat 
sense 
like ac 

Pri 
solutic 
Ostwa 
attrac 
We n 
dissoc 
or (2) 
prope! 
of the 
the io 
ions i 
invoke 

Ver 
except 
and 
dissoc 
(2). 
recent 
it app 
alkali 
than t 


(1) 
(2) 
(3) 
(4) 
(5) 
Unf 
the v: 
involv 


WORI 
To 


Ameri 
chemi 


3 Th 
The se 
the thi 


% 
bi 
‘4 
: 
aqueo 
0 
P 
7 
P | 
> 


v York 


cases, 
usions 
in the 
ments 


n this 
usions 
s like 
ule. 

the 
lation 
ganic 
—Z, 
nit of 
nd in 
n this 


on of 


by 


) (2) 
‘ively 


ion 
nplex 


the 
mum 


0 the 
here. 
there 
buted. 
pecies 
here. 
re of 
*tions 
ecies. 
aOH, 


rrow, 
rater, 
sh to 
when 
tions 
‘ions, 

are, 
lut es 


VOLUME 33, NO. 4, APRIL, 1956 


coordination number of the metal. Evidence from 
transference data, as compared with other sources, 
yields highly discordant values for the extent of 
solvation of such ions (1). The anions are also solvated. 

Little attention will be devoted to the processes of 
equation (2). The “secondary” reactions, which in 
many cases are more important than equation (2) in 
determining the physicochemical properties of solutions, 
are our subject. 


HISTORICAL BACKGROUND 


In the classical theories of Arrhenius and Ostwald on 
solutions of electrolytes, the salts as well as acids and 
bases were considered to be only partially ionized in 
aqueous solutions. The concept of “degree of dis- 
sociation” was applied to the salts in exactly the same 
sense as it is now applied to solutions of weak acids, 
like acetic. 

Primarily because so many of the “strong” electrolyte 
solutions did not obey mass law expressions, Arrhenius- 
Ostwald concepts have been replaced by the interionic 
attraction theory of Debye and Hiickel for such cases. 
We now treat electrolyte solutions as though complete 
dissociation occurs—in accordance with equations (1) 
or (2). Discrepancies in thermodynamic and other 
properties are explained primarily in terms of the effect 
of the ionic atmosphere—quantitatively expressed by 
the ionic strength—on the activity coefficients of the 
ions in question. Specific salt effects must still be 
invoked to explain physicochemical data quantitatively. 

Very few inorganic substances are considered 
exceptional. Only a few lead and mercury compounds, 
and several halides, were classically described as 
dissociating by processes other than that of equation 
(2). However, several hundreds of papers in the 
recent chemical literature on complex formation make 
it appear that the behavior of the alkali and heavier 
alkaline earth salts represent the exceptional rather 
than the typical case. 


PHASES OF THE PROBLEM 


For purposes of this discussion, the problem of 
aqueous species may be subdivided into five major 
phases :3 

(1) hydrolysis of salts 

(2) polymerization of aquo bases, 

(3) formation of complexes in solution, 

(4) composition of solid phases at equilibrium, and 

(5) the rate of achievement of equilibrium. 

Unfortunately, it is not always easy to “‘unscramble”’ 
the various aspects of the problem. The difficulties 
involved are illustrated by the following studies. 


WORK OF A. W. THOMAS 
To the best of this author’s knowledge, the first 


American chemist to interpret the data of aqueous 
chemistry consistently in the present manner was 


3 The Introduction and Phase (1) constitute the present paper. 
The second paper will consist of Phase (2) of the problem, and 
the third paper will contain the remaining material. 
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TABLE 1 


Composition of Aluminum Sols Illustrated in 
(Concentrations Are in Milliequivalents Per Liter) 


Anion in Sol Br- C.H;02.- 
Al+t++ 60.9 70.9 80.2 18.01 
Anion 3.27 3.50 3.54 2.53 


Professor A. W. Thomas of Columbia University. 
Professor Thomas and co-workers have explained the 
properties of many colloidal and “true” solutions in 
terms of ideas originally proposed by Werner and 
Stiasny (2). 

The Thomas papers assume that the sols of Al, Be, 
Th, Ti, Zr, Cr, and Fe are polymeric systems with the 
metal atoms bound by “diol’’ (dihydroxy) bridges. 
Reactions leading to this polymerization are described 
as “olation’”’; these reactions are shown to be affected 
greatly by the particular anions present, which may also 
be involved in complex formation. Under appropriate 
circumstances—generally those of high temperature, 
prolonged aging, and/or high pH—reactions described 
as “‘oxolation,” which involve the essentially irreversible 
formation of M—O—M bonds, are assumed to occur. 

Some of the evidence from the Thomas papers is 
abstracted below. All of the data are then interpreted 
in terms of the Thomas concepts. 

Figure 1 illustrates the effect of various anions added 
as potassium salts on the pH of a typical aluminum 
sol (3). The sol was prepared from AIC); solution by 
adding aqueous NH;, washing the precipitated hydrous 
alumina, and then peptizing with minimum quantities of 
dilute HCl at 80°. The suspended matter was centri- 
fuged off, and the clear sol was aged for 45 days. 
Analysis showed {Al(III)} = 44, {Cl-} = 1.22, and 
{NH,t+} = 1. X 10~-* equivalents per liter. (Note 
that braces { } are employed throughout this paper to 
denote concentration of the enclosed species.) 

This sol, like those of Table 1, contains a basic 
aluminum compound. In all these sols there was less 
than one equivalent of anion (other than hydroxide or 
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Figure 2. Effect of KoSO, on the pH of Various Aluminum Hydroxide 
Sols 
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oxide) per equivalent of AI(III). 
sometimes called, for example, “aluminum oxychloride.” 
The potassium salt solutions added (all were one 
normal) were initially at pH values from 5.07 to 7.00. 
Therefore, a slight decrease in pH (if any change) 
should have been anticipated on addition of salts. 
Actually, the acidity of this sol was little affected by 
dilution with water, but rose sharply as various anions 


1 
Milliequivalents of silver salts added 


Figure 3. Conductance of Aluminum Hydroxide Sols after Treatment 


with Various Solid Silver Salts 


Such species are 


EFFECT OF ANIONS ON pH OF MAXIMUM 


PRECIPITATION OF "AI(OH),” 
DATA OF MARION 4 THOMAS 
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Figure 4. Effect of Anions on the pH of Maximum Precipitation of 


“Al(OH)3" 
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were added. Oxalate was about ten times as effective 


-as other anions studied, producing a definite pH change 


at one-tenth the concentration of the other anions 
shown. Ammonium acetate was about as effective as 
oxalate. The pH with KBr was 0.11-0.27 pH unit less 
than for KCl of equal concentration; with KI, 0.19- 
0.34 pH unit less than for KCl. The range is for in- 
creasing concentration of halide. 

Figure 2 illustrates the converse effect of addition of 
the same anion to sols originally possessing different 
anions (4). Four sols with compositions shown in 
Table 1 were all treated with K:SO,4 and the pH rose 
with increasing { K,SO,} in every case. 

Figure 3 illustrates the effect of various anions on the 
conductance of a basic aluminum iodide sol (4). The 
studies were made by equilibrating 100 ml. of the stock 
sols with weighed amounts of solid silver salts (various 
anions) in a thermostat for several days and then 
measuring the conductance of the systems. 

Figure 4 summarizes results of a study (4) of the 
precipitation of aluminum by NaOH from AICI; 
solutions containing added salts. The abscissas are 
the “equilibrium” pH values at which maximum 
recovery of Al (as ignited ‘‘Al,O;’’) was achieved. The 
ordinates are normalities of added anions. 

The term “equilibrium” is quoted since the pH’s of 
the solutions were reported to drift noticeably with 
time. In one case Thomas reports that the pH changed 
from 6.18 to 6.81 in seven hours, increased to 6.82 in 
two more days, and stayed constant within + 0.05 pH 
unit (glass electrode) for two weeks. Obviously 
equilibrium is achieved rather slowly in these systems. 

The “pH of maximum precipitation” rises with 
{anion} for F~- and C,0,-~, but drops with {lactate} 
and {SO,-~} and decreases very sharply with {citrate} 
and {tartrate}. In fact, the authors report that it was 
impossible to precipitate any Al at any pH when the 
ratio {citrate}/{Al} = 0.35. 

The yields of “‘Al,O;” for several of the solutions of the 
above study are plotted in Figure 5 as a function of pH. 
The mass of “‘Al,O;”’ precipitate apparently increased 
with {SO,-~} and also with pH. The decrease in mass 
at high pH undoubtedly results from solution of Al 
as an anionic complex, or aluminate. 

The composition of the “Al,O,” precipitates obtained 
in the same study are shown in Figure 6. The open 
circles represent experimental data on SO,-~/AI ratios 
in the ignited precipitates. As the pH increased this 
ratio decreased indicating, on the average, fewer 
sulfates and more hydroxides per Al atom in the 
unignited precipitate. 

A striking effect, which is not of common knowledge, 
is illustrated in Figure 7 on the rate of solution of hy- 
drous Al,O; in various acids (6). All samples studied 
contained 340 mg. of Al,O; (as hydrous oxide) in 
100.0 ml. of acid solution— initially 0.2 normal, except 
H;PO, which was 0.1 molar. All reactions were 
studied at 25°C. HClQ, was a very poor solvent, even 
in 25 hours, as were also HCl and HNO;. However, 
H.SO,, H:C:0,, and H;PO, were much more rapid 
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solvents, even though the last two listed are weak 
acids (and Ke for H.SO, < 1). 


INTERPRETATION OF THE THOMAS DATA 


The Thomas data are qualitatively “explained” if 
one assumes that the hydrated aluminum ion is an 
acid in the Brénsted sense, and that the hydroxides 
in the conjugate base are bound rather firmly in the 
complex. Written generally, the dissociation equilib- 
rium is given by equation (3): 

H:O 


*¥ + [M(H:0)a-1 + 


(3) 

The solvated metal complex at the left, hereafter 
referred to as an aquo-ion, binds d water molecules 
and possesses a total charge of +y. On transferring a 
proton to a solvent water molecule, one coordinated 
H,O is converted to a hydroxide and the positive 
charge on the species is reduced by unity. While there 
is little experimental evidence for the point, we assume 
the coordination number of M remains unchanged, 
leading to (d—1) molecules of water in the conjugate 
base. 

Since the coordination numbers of the polyvalent 
metal ions are at least four, the aquo-ions are potentially 
at least tetraprotic acids. Therefore, equation (3) 
might be followed by (4): 


H,0 
[M(H:0)a-2(OH)2] + H;O+ (4) 

This step might be followed by similar steps until 
several of the d molecules of water had lost a proton. 
There is considerable evidence for the existence of such 
hydroxy complexes containing hydroxides equal to the 
maximum coordination number of the metal ion 
(aluminate, antimonate, platinate, etc.) 

It must also be assumed that there is competition 
between hydroxides and other anions for the available 
positions in the first coordination sphere of the metal. 
As is well known from the work of Bjerrum and others 
(to which more detailed reference is made in part 
III of this paper) the aquo-ions form complexes in a 
stepwise manner, illustrated in equations (5)—(7) in- 
clusive. 


[M(H20)q] *¥ + X~* 


H:0 


H:0 


[MX(H20)¢-2] + zH,0 (5) 


(6) 


H:0 


[M(H,0)4] + nX~* === [MX,(H20)q-ne] + 
nzH,O0 (7) 


In equation (5) one ligand (coordinating group) 


displaces at least z molecules of water to produce a . 


new complex species with charge equal to the algebraic 
sum of +y and —z. Again, for lack of evidence, we 


assume there is no change in d, the coordination number 
of M. Equation (6) represents the substitution of a 
second ligand for water. Equation (7) represents the 
“over-all” equilibrium, where n is the maximum number 
of ligands which can be coordinated by M. 
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If there exist in solution ions containing coordinated 
hydroxide as in equations (3) and (4), then reactions 
like (8) might also occur. 


H:0 


(M(H20)4-.(OH)] 4+ X-*#§ 

+ OH- + (z — 1)H;:0 (8) 
Such processes would decrease the acidity and increase 
the pH of the solutions by amounts greater than could 
be explained merely by variations in the ionic strength 
of the medium. The extent to which equilibria like (8) 
are displaced on addition of excess X~* would depend 
on the intrinsic ability of the ligand to form complexes 


with M. 
wo 
3 Woh 
a 
€ 


I 0.025M pH*@.2 
0.05M $047, 
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1 l l l l 
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Figure 5. Yield of ‘‘Al2O;"’ in the Presence of Various Salts 


Let us now re-examine the Thomas data for con- 
sistency with these assumptions. Figure 1 demon- 
strates that all of the anions displaced coordinated 
hydroxide (as in equation (8)), thereby raising the pH 
of the solutions. From the magnitude of the pH 
changes, the order of stability of Al complexes with 
anions is apparently oxalate > SO,-- > Cl- > Br- > 
I-> NO;-. 

The dip in the curve for K,C,0, undoubtedly is due 
to the excess H;C,O, which Thomas stated was present 
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Figure 6. Composition of ‘‘Al2O;"’ Precipitated from Sulfate Media 
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OF SOLUTION OF 
HYOROUS ALUMINA 
IN_ ACIDS 


GRAHAM 4 THOMAS 


Nace 


° io 15 
TiME, HOURS 


Figure 7. Rate of Solution of Hyd Alumina in Various Acids 


in his K,C,0, solution. Thomas reports that “the 
pH...markedly decreased, gradually approaching the 
pH of the oxalate solution (5.07).” 

These conclusions are confirmed by the data of Figure 
2. }Here, the ability of SO,-- to displace anions 
already coordinated with Al in the sol (as well as OH) 
decreases in the sequence |~ > Br~ > Cl~ > C2H;02-. 
The reverse sequence is, therefore, the order of stability 
of the corresponding aluminum complexes. 

The conductance titration of Figure 3 illustrates the 
same point. If the reaction were simply: 


Ag* + I-(aq) > Agl } 


substituting the anion of the solid silver salt ‘or 
iodide in solution, then the conductances should depend 
on the ionic mobilities of the anions substituted for I~. 
The mobilities are > I- > > > 
tartrate. The conductance should rise as the more 
mobile SO,-- replaces I~; instead, it decreases. 
The SO,-~- cannot merely replace I~ in solution; it 
must enter the coordination sphere of the Al. 

The effect of salts on the pH of maximum precipita- 
tion in Figure 4 is far too great for explanation by 
medium or buffering effects. The retention of Al in 
solution by citrate and tartrate at high pH is rather 
conclusive evidence of complexing by these ions; the 
other cases differ only in degree. The different slopes 
of the curves are difficult to explain, even qualitatively. 
They undoubtedly reflect variations in such factors as 
(1) stability of various complexes, (2) effect of external 
acidity on the relative stability of the complexes, (3) 
solubility of the various species, and (4) relative rates 
of exchange between complexed and “free” ligands. 

Both the mass of the precipitates (Figure 5) and their 
sulfate content (Figure 6) indicate that SO,—~ is rather 
tightly bound to Al. The decrease in {SO,-~} in the 
precipitate with increasing pH indicates an equilibrium 
involving OH-. 

The data of Figure 7 on the rate of solution of 
hydrous Al,O; in acids are an excellent confirmation of 
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these concepts. The rate of solution’ appears to 


, depend on (at least) two factors: (1) the conversion 


of coordinated OH~ to HO by attack of H;O+, and 
(2) the replacement of OH- (and H,0?) by anions, 
The latter effect appears to be more important; in 
any case, the anions which form more stable complexes 
with Al are more effective in “dissolving” the hydrous 
oxide rapidly. 


THE AGING OF SOLS 


A further phase of the work of Thomas has not been 
cited here because of the greater ease of deriving 
logical ‘‘explanations” for the phenomena from other 
data, to be discussed later. However, we will mention 
these processes briefly in order to complete an intro- 
duction to the several types of reactions which may 
occur in aqueous solutions. 

From early times it has been known that increase 
in temperature has marked effects on the solutions 
employed in tanning leather; these effects are reversed 
extremely slowly on cooling. Chaucer tells us in the 
famous “Canterbury Tales” that his tanner took an 
enforced vacation during the summer whenever his 
solutions became too hot. 

Thomas (2) has shown that high temperature, high 
pH, and prolonged aging have a profound effect on the 
properties of sols other than those of chromium. To 
explain these effects, he proposed various processes 
which lead to the formation of polymeric metal-ion 
species. The following generalized interpretation has 
been extended (by the present author) somewhat 
beyond the concepts of Thomas. 

It is proposed that the hydroxides in the aquo-bases 
conjugate to the aquo-ion acids (see equations (3) and 
(4)) can act as “bridging” groups. The simplest 
possible reaction of this type is written as equation (9): 


[M(H.0)4]*” + [M(H,0)._(OH)] 
2] + (9) 
However, there is some evidence that dimeric species 
involving only one hydroxide are relatively unstable 
with respect to dissociation into monomers. The sim- 
plest reaction leading to species which are of sufficient 
stability to exist in appreciable concentrations is: 


H:O 


——= 


This dimerization reaction yields an ion with the 
proposed structure: 


H + (2y — 2) 


H 
Structure I 


Dissociation of additional protons by the dimer 


‘ Prof. M. Kilpatrick points out, in a private communication, 
that the rates probably depend on physical transfer and the con- 
centration gradient, which in turn depend on the complexing pro- 


posed here. 
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(Structure I) would provide additional hydroxides 
which could then form more bridges, as for example by 
equations (11) and (12): 

H:0 


+ H;O* (11) 


+ 2H,0 (12) 

Such reactions, which Thomas collectively calls 
“olation,”’ lead to higher polymers whose properties 
would probably differ from those of the simple aquo- 
ions. 

The olation reactions might be expected to be 
reasonably rapid and reversible. Thomas therefore 
proposes the further reactions of ‘“‘oxolation’” to 
account for the slow return of aged sols to their proper- 
ties prior to aging: 


H 
Mud 

Rate2 // 


4+2H,0+* (13) 


For simplicity, coordinated groups other than those in 
the bridge are omitted from equation (13). Since 
there are some doubtful points in the ‘oxolation” 
argument, it is presented here without further comment. 


CONFIRMATORY EVIDENCE OF EYRING 


The concepts proposed by Thomas have been con- 
firmed in an interesting paper by H. T. Hall and H. 
Eyring (7). The research cited is a rather novel 
approach to thé study of hydrolytic equilibria in 
solutions, in this case, of Cr(III) salts. 

Figure 8 illustrates a typical conductometric titration 
of fresh Cr(NO;)3; by ammonium paramolybdate as 
carried out by these workers. They interpret the 
curves in terms of the reaction: 

15NH,NO; + 6HNO, + 18H,0 (14) 

Hall and Eyring cite the fact that R. D. Hall (8) in 
1907 prepared a solid complex ammonium molybdo- 
chromate heptahydrate corresponding to the complex 
in equation (14). They then propose that this species 
forms in solution on replacement of each coordinated 
H,0 by an (MoOQ,H~) group. During formation of the 
complex, the NH,NO; and HNO; formed are said to 
produce an increase in conductance, due to the high 
mobility of H,O+. ‘However, past the equivalence 
point they suggest that excess (MoOQ,H~) reacts with 
H,0+ with a decrease in conductance.’ On this basis, 


four studies yielded an average value of 6.000 + 


0.005 for Mo/Cr for fresh Cr(NO3)3 solutions. 


5 L. C. W. Baker and co-workers (9-10), in a recent study of the 
heteropolymolybdates, show that this formula for the complex in 
equation (14) cannot be correct. However, the exact formula 
of the complex species is not of extreme importance; the cogent 
point is the Mo/Cr ratio. In this respect Baker reports (9, p. 
2137) the preparation of solid samples (by the Hall method) with 
Mo: Cr ratios of 6:0.98. 
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d 1 1 1 1 
10 30. 50 
M1. of 0.1001 M (in Mo) (NH,)sMo7O, solution 


Figure 8. C Titration of Cr(NO;); by Ammonium Para- 
molybdate 


When fresh Cr(NO3;)3 or CrCl; solutions are aged 
under reflux, the authors report that, on addition of 
ammonium paramolybdate, the Mo/Cr ratio drops 
significantly. Their data are given in Table 2. 

To explain the lower Mo/Cr ratios found on titration 
of the aged solutions of Table 2, the authors propose 
that OH~ and O-~ if bound by Cr(III) are not replaced 
by (Mo0Q,H-—), at least in the time of the experiments. 
For the polymeric species of Structures II, III, and 
IV, they predict ratios of Mo/Cr of 5.0, 4.0, and 14/3 
respectively. 


H +5 
[ Cx(H.0). Structure IT 
H +4 
Structure ITI 
H 
TABLE 2 
Mo/Cr Ratios as a Measure of Aging of Chromium (III) 
Salt Solutions on ux 
Cr(NOs)s CrCl; 
ours ‘Hours Bound 
refluxed Mo/Cr refluxed Mo/Cr Cl-/Cr 
0 6.00 0 6.00 0.00 
0.25 5.01 Ihe 4.84 0.21 
5.00 0.5 4.78 0.13 
2.5 4.92 1.25 4.55 0.17 
66 4.78 64.5 4.50 0.17 
163 4.78 310 4.48 
411 4.78 
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Figure 9. The pH of Hydrolyzing Salt Solutions 
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Figure 10. The pH of CaCle Solutions 


ve 


[ H (H.0), H | 
(HO)Cr—O - - - - 
Structure IV 


Table 2 demonstrates that the initial “olation” or 
formation of hydroxy] links is quite rapid, «us ~videnced 
by the rapid decrease in Mo/Cr ratio. T. 2 further, 
slow decrease in Mo/Cr ratio on aging is consistent 
either with the ‘“oxolation’” concept of Thomas, or 
possibly with slow loss of HNO; or HCl on reflux, 
resulting in additional “olation.”” The lower values 
for Cl~ relative to NO;~ indicate chloro-complexing, 
which was checked by an independent technique to 
yield the data of the right-hand column of Table 2. 


HYDROLYSIS OF SALTS 


Salt hydrolysis has been studied for at least the past 
60 years, with the results of various investigators often 
in serious disagreement. The type of data reported is 
exemplified by Figure 9, taken from the data of Zetter- 


TABLE 3 
pH Values for AlCl; Solutions 
Normality AICl, = 0.1245 0.0622 
Data of Zetterwall (11) 3.26 3.44 
Data of Thomas and Whitehead (3) 4.14 4.36 
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wall (11) on the pH of salt solutions. The figure illus- 


- trates the dependence of pH on salt concentration, 


and in the case of aluminum, on the identity of the 
anion. 

The data of two different investigators on solutions 
of AlCl; are compared in Table 3. These differences, 
amounting to 0.9 pH unit, are not unusual. However, 
they may not be due to experimental error but may 
instead reflect actual differences in the stoichiometry of 
the materials studied. 

Figure 10, also derived from the Zetterwall data, 
compares the pH of two samples of reagent grade CaC),. 
The lower curve is for Kahlbahn material, from a 
European manufacturer whose reagents are regarded as 
excellent. The upper curve is for a sample, prepared 
by an American reagent chemical supplier, which meets 
all A. C. S. specifications. 

The differences in pH can be due only to differences 
in Cl/Ca ratios in the solid samples studied; in many 
cases the formulas on the labels of reagent chemicals 
can only be idealizations. They cannot be interpreted 
as giving the exact stoichiometry of the materials 
enclosed in the package. For this reason, as well as 
others, little reference to the older literature on “hydrol- 
ysis” is made in this paper. 


THE BRONSTED-LOWRY APPROACH TO HYDROLYSIS 


In the middle 1920’s Lowry and Brénsted inde- 
pendently arrived at the concepts of aquo-ion acidity 
which have now largely replaced the ‘hydrolysis’ 
concept. It is instructive to consider part of the 
evidence presented by Brénsted. Figure 11 on the 
hydrogen-ion concentration (determined by a kinetic 
method) versus concentration of Cr(ClO,); is typical 
of the data of Brénsted and King (12). The observed 
relationships could be explained by (1) the effect of 
salt concentration on K, of water, (2) the presence in 
the Cr(ClO,); of free HClO, as an impurity, or (3) 
accepting the behavior of the aquo-chromium ion as 
typically that of a weak acid. 

Applying the data of Harned and Owen (13) on the 
effect of electrolytes on K, and assuming the Cr(ClO,); 
to be inert as far as acid-base properties are concerned, 
{H;0+} at 15°C. should increase from 6.95 to 8.30 X 
as increases over the range 
studied. Actually, {H;0+} varies from 1.00 to 8.20 x 
10~‘ over this range. Not only is the order of magni- 
tude of {H;0+} in disagreement by a factor of 10°, 
but also A {H;0+} is about five times that predicted 
for an exclusively K, effect. Thus, possibility (1) may 
be eliminated from further consideration. 

The ratio {HClO,}/{Cr(ClO,)3} should be fixed if 
the acidity is due merely to an impurity. Again 
assuming Cr(III) to be inert, the {H,0+} is given by 
the two dashed curves of the figure. The upper dashed 
curve is derived from the datum at lowest {Cr+*}, the 
lower curve from the datum at highest {Cr+*}. Neither 
fits the observed relationship between {H,O+} and 
{Cr+*} within experimental error. 

The chromium curve is therefore compared with the 
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acetic acid curve, derived from the data of Shedlovsky 
and MacInnes (14). From the similarity of the two 
curves, as well as other data, one must interpret the 
behavior of the aquo-chromium ion as being that of a 
typical weak acid. 

Data obtained by Brénsted and Volqvartz (15) for 
several aquo-ion acids are given in Table 4. Values 
given are the thermodynamic dissociation constants, 
u = 0, at 15°C., corresponding to the equilibrium of 
equation (3). 

As might be expected, for a given metal ion K, 
increases as the number of coordinated molecules of 
water increases. This trend is clearly exhibited by the 
four cobalt aquammines. The magnitude of these 
and the other dissociation constants indicates that these 
acids are frequently at least as strong as acetic. In 
fact, the aquoferric ion is a stronger acid than HF 
(K, = 7.2 X 10~‘) and is almost as strong as phos- 
phorie acid (K; = 7.5 X 10-*) in water. 


INFLUENCE OF THE ANION ON AQUO-ION ACIDITY 


As the data of Thomas indicate, the quantitative 
study of aquo-ion acidity (hydrolysis) may be greatly 
complicated by formation of complex species with 
anions. The magnitude of the effect of complexing 
may be illustrated with data for the rare-earth ions 
which, as recently as 1930, were said to form no com- 
plexes. 

Figures 12 and 13 present part of the data of Moeller 
and Kremers (16) on the pH titration of rare-earth 
nitrate and sulfate solutions, respectively. All solutions 
were 0.1 molar‘in rare-earth(III) ion, and all were 
titrated with 0.1 normal NaOH at 25 + 0.5°C. The 
marked difference in slopes of each rare-earth nitrate 
curve as compared with the corresponding sulfate curve 
indicates considerable interaction between cation and 
anion. 

The nature and extent of the interactions are not 
clear from these data; however, relevant information 
is found in the literature. Spedding and co-workers 
(17) have studied the conductance of ten different 
rare-earth sulfates and found that for nine, the “in- 
stability constants” for the process of equation (15) 
range from 2.2 to 2.6 K 107‘. 


[RSO,] + = R** + 


When R is yttrium, K instavitiy = 3.4 X 10-4. These low 
values of correspond to rather stable com- 
plexes. 

Sullivan and Hindman (18) have studied the sulfate 
complexes of neptunium and reported that the equilib- 
ria of equations (16) and (17) are important in this 
system. 
constants” (for the stepwise association of Np+‘ and 
HSO,-) reproduced in Table 5. 


(15) 


(16) 
(17) 


+ = [NpSO,]++ + H+ Ki 
[NpSO,] ++ + HSO,- = [Np(SO,)2] + H+ Ke 


From the K values given by Sullivan and Hindman 


They also report values of “formation © 
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Figure 11. The Acidity of the Aquochromium Ion 
for HSO,~ equilibria at the ionic strengths they studied, 
one may derive: 


[NpSO,] ++ = Np*t* + SQ.-~; = 3.14 X 10-* (18) 


Apparently, the instability constants for both 
lanthanon and actinon rare-earth sulfates are of the 
order of 10-4. If this value is applied to the sulfate 
solutions titrated by Moeller and Kremers, then 99.4 
mole per cent of total rare earths were present in those 
solutions as sulfato-complexes, at least at the beginning 
of the titrations. It is not surprising that the sulfate 
titration curves differed from the nitrate curves, for 
entirely different chemical species were being titrated. 
In the nitrate case, the rare-earth species were probably 
essentially simple aquo-ions (since other evidence 
indicates that nitrate possesses relatively little tendency 
to form complexes). 

Similar differences are found on extending the 
comparison to other salts. Table 6 presents data on 
the pH at incidence of precipitation, and also when 0.4 
moles OH~/mole rare earth have been added to various 


TABLE 4 


Thermodynamic Dissociation Constants at 15°C. for 
Aquo-lIon Acids 


Acid Ka 
[Co( NH3)s (H20)]*? 2.04 X 10-* 
[Co(NHs3)4 (H20)2] *8 6.2 xX 
[Co( NHs)s (H20)3]** 20 x 
[Co( NHs)2 (H20),] 400 x 10-* 
[Rh( NHs3); (H20)]** 1.38 X 
1.26 X 10-4 
[Fe(H20).]** 6.3 x10-3 

TABLE 5 


Values of Formation Constants of Neptunium Sulfate 
Complexes at Various Temperatures 


——Temperature, ° C_—— 


10 25 35 
Ki 296 270 250 
Ke 8.11 11.0 13.7 
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PER MOLE 


salts. The data on perchlorates are by Moeller and 
Fogel (19); all other are from (16). 

The rather regular differences between the several 
salts of the same rare earth ions are striking. However, 
it is unwise to attempt to elucidate too much from data 
of this type. Even though they may reflect the utmost 
care in obtaining the data, they pose an unresolvable 
problem common in the current chemical literature: 
they offer no evidence as to the initial stoichiometry of 
the salts employed for the studies. While it is true that 
the acidity constants cannot be very big for these 
aquo-ions, this fact offers no real assurance as to the 
degree of hydrolysis of the solid sample employed in the 
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Figure 13. Titration of Rare-earth Sulfate Solutions 


study. The aquocalcium ion studied by Zetterwall (//) 
is probably also a weak acid, yet note the variation in 
pH found for several samples. 


THE USE OF PERCHLORATE ANIONS IN STUDIES OF 
AQUEOUS CHEMISTRY 

To avoid difficulties of the kind cited above, it has 
become common practice in studying the aqueous 
chemistry of metal ions to employ the perchlorate of 
the metal. As far as can be ascertained from the 
literature, the ClO,~ ion does not form complexes. 
However, Sutton (20) has recently proposed that ClO,~, 
too, forms complexes in some systems. 


TABLE 6 
pH Values During Precipitation of Rare Earth ‘‘Hydroxides’’ 
pH Values 
At incidence of precipitation At 0.4 OH—/rare earth 
Element clo,- C.H;02.- SO.-- C2H302 NO;- SO,-- 
La 8.10 7.93 7.82 7.41 8.18 8.13 8.23 7.78 
Ce 7.60 7.35 7.99 7.76 7.56 
Pr 7.40 7.66 7.35 7.49 7.43 7.96 7.67 7.50 
Nd 7.30 7.59 7.31 6.95 7.34 7.65 7.40 7.23 
Sm 7.3 7.40 6.92 6.70 7.7 7.48 7.08 6.93 
Eu 6.91 7.18 6.82 6.68 6.99 7.37 6.90 6.82 
Gd 6.84 7.10 6.83 6.75 6.90 7.31 6.94 6.95 
= 6.81 6.83 6.95 6.83 6.88 7.15 6.90 6.90 
Er 6.61 6.59 6.76 6.50 6.68 6.93 6.84 6.58 
Tm eis 6.53 6.40 6.21 sec 6.77 6.70 6.38 
Yb 6.45 6.50 6.30 6.18 6.55 6.73 6.65 6.32 
Lu 6.45 6.46 6.30 6.18 6.55 6.73 6.63 6.32 
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It can at least be said that all of the evidence avail- 
able indicates that the tendency of CiOQ,~ to form 
complexes with metal ions is the lowest of the commonly 
available and stable anions. In any case, workers in 
this field have, by common (tacit) consent, agreed to 
the ClO,~— system as a sort of reference state for such 
studies. 

To this point the discussion of aqueous species and 
of mechanisms has been limited to hydroxy and other 
anionic complexes. However, such species are still 
insufficient to “explain” the physicochemical properties 
of many pertinent systems. The following paper of this 
series will introduce and develop the ideas of the poly- 
merization of aquo-bases in solution. The type of 
reaction to be discussed results in polymeric metal ion 
species which are undoubtedly responsible for many of 
the apparently anomalous properties of such solutions. 
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EDUARDO S.J: A CONTEMPORARY 


LEADER IN THE SPANISH CHEMICAL WORLD 


May 7, 1955 was Chemistry Day for Spain’s industrial 
city of Barcelona. To celebrate it a rather short, 
bright-eyed, smiling scientist took a look at his own 
frozen features. He had just unveiled a bust which per- 
petuated in bronze the lineaments of one of Spain’s 
greatest contemporary chemists. What his thoughts 
were as he observed this, his “other self,’”’ we do not 
know. But this we do know, he was meeting his own 
self as his fellow scientists and former students con- 
ceived of him—the inspiring teacher, productive scholar, 
successful executive, and exemplary priest that he 
is. That May day saw the double celebration of the 
fiftieth birthday of the Instituto Quimico de Sarria 
and the ninetieth birthday of its founder, Father 
Eduardo Vitoria, 8.J. The fact that a scientist and 
his pet project have reached such a state of development 
as to be computable almost in terms of a century is in- 
deed reason enough to warrant the festive spirit. But 
Father Vitoria’s career means more than that to Spanish 
chemists and industrialists. It is a harbinger of a new 
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dawn against the background of rising distillation 
towers and storage tanks. 


THE TEACHER AND SCHOLAR 


When Father Vitoria first saw the light of day in 
1864, General Lee’s memories of Gettysburg were but 
a year old. In terms of chemical chronology he was a 
year ahead of Kekulé’s formulation of the hexagonal 
benzene ring. Spanish political life was then in a fer- 
ment, but his native town of Alcoy had still a long way 
to go before attaining the stature it has today as a cen- 
ter of the paper industry in southeastern Spain. At 


_ ten he enrolled at the Jesuit college in Valencia, and for 


the next seven years he assimilated not only the best of 
the Greek, Latin, and Spanish classicists, but also de- 
veloped his taste and enjoyment of philosophy. Even 
during those early years he manifested a liking for math- 
ematics, so that by the time he received his diploma of 
the Bachillerato in 1881 he knew where he would go 
next. At the University of Madrid he was admitted as 
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a student in the department of exact sciences, which in- 
cluded the section of mathematics. However, his life 
took a new turn when he decided to seek admission to 
the religious organization the Society of Jesus, or 
Jesuits as they are commonly known. The Jesuit 
Order accepted his application, and started him on the 
training program for its candidates to the priesthood. 


Father Vitoria on His Ninetieth Birthday (1954) 


The young Vitoria spent a good number of years going 
over more thoroughly the classical and modern liter- 
atures, philosophy, and the natural sciences. 

As is customary, before starting his four years of 
theology that culminate in the reception of Holy Orders, 
he was assigned to a classroom where as a teacher he 
could test the effectiveness of the pedagogical princi- 
ples learned up till then. It was during this part of his 
Jesuit formation that our young Vitoria was chosen by 
his superiors for a special assignment. By the turn of 
our century his superiors felt the need of creating a 
scientific center that would be the cradle of future 
scholars capable of achieving eminence in the natural 
sciences. This long-range plan called for a prelimi- 
nary step: the training of Jesuits who had the aptitude 
for both laboratory and classroom work, men with the 
enthusiasm and imagination that would draw others to 
follow in their footsteps. Father Vitoria’s scholastic 
abilities and scientific leanings were well known to his 
superiors. This, together with the scarcity of Jesuits 
then ready to take up the tasks of chemist and teacher, 
moved them to assign Father Vitoria to pursue graduate 
work in chemistry at the University of Valencia. Un- 
der the guidance of D. Luis Montesinos, a former stu- 
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dent of Fresenius, he had the distinction of being the 
‘first chemistry student to obtain his Licentiate with a 
major in physical chemistry. This he did summa 
cum laude in 1896. His years at both the University of 
Madrid and that of Valencia had put him in contact 
with scholars, made him aware of advances in his field, 
and given him a taste of the dynamism of the scientific 
world. From the University of Valencia he was as- 
signed to complete his Jesuit education by taking up 
five years of theology at Tortosa, a town by the banks of 
the Ebro River and some 100 miles south of Barcelona. 
After his ordination to the priesthood in 1898 came his 
last year of dogmatic theology, followed by another of 
ascetical theology. In 1902 he was sent to the Univer- 
sity of Louvain to complete his formal chemical train- 
ing. Under the direction of Prof. Louis Henry he 
successfully defended his doctoral dissertation on July 
22, 1904. This was published later that same year in 
the Bulletin de l’ Académie Royale de Belgique. It was 
a Grignard reaction application, ‘Sur l’isopropanol- 
trichloré 1.1.1.” Before returning to Spain, Dr. 
Vitoria spent some time perfecting his German at the 
Jesuit college of Valkenburg and then visiting impor- 
tant chemical and industrial centers of the German em- 
pire. He was then interested in studying at close 
range the pedagogical preference of German professors 
for intensive laboratory work and personal research. 
This was something he felt had to be introduced in his 
country’s technical schools. 

Upon his return to Spain he found an assignment 
waiting for him. A three-story building was going up 
at Roquetas under the direction of Father Balcells, 
8.J., a former captain in the Engineer Corps. It was 
close to the Jesuit astronomical observatory of El 
Ebro, and would accommodate in its ground floor the 
chemistry department, in the first floor the biology de- 
partment, and in the second floor the physics depart- 
ment. By August, 1905, the building was ready for 
occupancy. Father Vitoria was asked to organize the 
chemistry department and be its first head. This 
technical institute, known as Laboratorio Quimico del 
Ebro, was close enough to Tortosa to be of value to the 
Jesuit students of philosophy who had to take the re- 
quired courses in the natural sciences. Moreover, it 
was hoped that the proximity of those laboratories 
would arouse in those younger minds an appreciation 
for the scientific method and, in a few, a desire to make 
the natural sciences their field of specialization. Such 
hopes were not to prove fruitless. For Father Vitoria 
himself the next nine years were rich in teaching ex- 
perience as well as productive in scientific publications. 
In 1907 he published the first Spanish original work on 
physical chemistry, “Conferencias de Quimica Mo- 
derna,” which was the fruit of his lectures to his Jesuit 
chemistry students. In 1912 he compiled his manual 
for laboratory work, ‘“PrActicas Quimicas para Catedras 
y Laboratorios,” whose seventh edition appeared in 
1954. Two years previous he had published a textbook 
on general chemistry, “Manual de Quimica Moderna,” 
which became so popular that in two years a second 
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edition was published. The thirteenth edition of this 
540-page work will appear soon. Within this period, 
too, he published a 600-page work on theories and ap- 
plications of chemical catalysts, “Catélisis Quimica,” 
which won special honors from the Royal Academy of 
Barcelona. A new and enlarged edition of this work 
came out in 1946. A treatise on acetylene and its ap- 
plications, ‘‘Acetileno y sus aplicaciones,” and many 
other articles appearing in national and foreign journals 
under his name were further testimonies of his untiring 
industry. Meantime, he was directing various doctoral 
dissertations of his Tortosa students, which by then in- 
cluded lay students who had been attracted by his repu- 
tation. Among these were the Count of Rius, Joaquin 
de Querol, who for many years was to work on the 
analysis of wines; Dr. José Fombuena, later professor 
at a state university; and D. Francisco Alberola, who 
carried on work on the industrial analysis of oranges. 

The growing importance of Barcelona as an industrial 
center made him aware of the need of extending the 
activities of the Ebro laboratories. The country was 
in need of technically trained men who would keep up 
with the advances in industrial chemistry. For this 
purpose he organized a curriculum that relied heavily on 
laboratory work while still retaining a commensurate 
amount of lecture periods. Those complementary 
courses for professionals included inorganic chemistry, 
chemical analysis, and physical organic chemistry. 
One full hour of lecture and five of laboratory were as- 
signed to each subject as a work unit. At this time 
(1914) plans were also afoot to transfer the whole in- 
stitution to Sarri4é, then a suburb of Barcelona. It 
was on October 15, 1916, that the first classes were held 
at this new locale, and from then on the school was to 
be known as Instituto Quimico de Sarrié. During 
those years, too, Father Vitoria had been able to obtain 
the assistance of two other Jesuit chemists—Father 
Eugenio Saz, who was put in charge of analytical chem- 
istry, an office he retained until his death a few years 
ago; and Father Antonio Castro, who assumed the 
chair of inorganic chemistry. It was Father Saz who 
in later years published various works on analytical 
chemistry and was to become well known in Spanish 
circles for his theory on positive and negative valences, 
which was along the lines of original contributions in 
the field of electronic valence theory. 

During the years following World War I the work of 
Father Vitoria began to show tangible results. In- 
dustrial management ,had become aware of the bene- 
fits of his work and began soliciting its graduates for 
technical positions in industry, while former alumni 
stimulated their sons to follow in their footsteps and 
seek the ivied halls of their alma mater. A new trend 
in the policies of the school’s administration appeared. 
Now the majority of the students were intent on a train- 
ing geared to the industrial applications of chemistry. 
The challenge was taken up, and the director, Father 
Vitoria, devised a new program of studies more suitable 
to the industrial needs of the region of Catalonia, and 
somewhat modeled on the chemical engineering curric- 
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ula of other European centers. However, two difficul- 
ties were to be avoided: that of overloading the course 
with subjects to the extent of prolonging dispropor- 
tionately the residence period, and that of sacrificing 
the laboratory time for lecture hours. Meantime, 
Father Vitoria kept up his contributions to Spanish 
chemical literature. Some of his previous works were 
re-edited. He published his organic chemistry lec- 
tures in book form, “Quimica del Carbono,’’ whose 
third edition of 1000 pages was published in 1948. In 
his ‘Los Pesos Moleculares’’ he discussed in detail some 
of the chapters of his 1907 text on physical chemistry. 
Other minor works of this period were his conferences 
at the University of Valencia, published under the 
titles “‘La Ciencia Quimica y la Vida Social,” “Las, Ceras 
Littrgicas,”’ and “Contribucién al Estudio de los Com- 
puestos Eténico y Etfinicos,” and his studies on bitumi- 
nous deposits. All this work did not prevent him from 
accepting invitations to lecture in the summer of 1924 at 
the Universities of Buenos Aires and of La Plata, both in 
Argentina. It was therefore no surprise to his friends 
when European scientific societies soon began to ac- 
knowledge his contributions in the field of chemistry. 
The Royal Academy of Sciences of Barcelona, the 
National Academy of Medicine of Buenos Aires, the 
Pontifical Roman Academy Nuovi Lincei, the Argentin- 
ian Chemical Society, the Société de Chimie Indus- 
trielle of Paris, and many others opened their doors to 
him, admitting him among their distinguished mem- 
bers. 

As early as 1921, a group of Father Vitoria’s former 
students organized themselves under the corporate 
title of Asociacién de Quimicos del Instituto, and under 
their former mentor’s direction the first copies of the 
chemical publication Afinidad rolled off the press. In 
this task he was assisted by two distinguished alumni, 
D. José Moraté, and D. Juan Marqués Ferré. In 1929 
the format of Afinidad was changed to its present one, 
and it has since been publishing the results of chemical 
work done at the Institute. In 1928 he was elected 
president of the physical chemistry section of the Span- 
ish Association for the Advancement of Science, when 
this organization was celebrating a congress in Bar- 
celona. This occasion brought prominent local and 
foreign guests to the doors of the Institute which was 
then inaugurating new classrooms and a lecture hall for 
organic chemistry. However, with the advent of the 
precarious years preceding the Spanish Civil War the 
expanding activities of the Institute suffered a severe 
blow. The expulsion of the Jesuits from Spain to- 
gether with the instability brought about by political 
dissensions affected the very existence of Father 
But this was not to be for long. 
Barely a fortnight after the Jesuits had left Spanish soil 
the Institute was reorganized by loyal alumni under the 
new name of Academia Mufioz, in honor of its advo- 
cate, D. Juan José Mufioz, who is at present a professor 
of the Institute. Due to the cramped quarters the 
classes had to be offered on a rotation system which 
meant a heavier teaching load for the faculty. This 
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setup was temporary since a new location was ob- 
tained through the generosity of D. Ramén Par Tus- 
quets, and the Institute now took another corporate 
title, Centro de Estudios Quimicos, though still under 
ts direction of Sr. Mufioz. This center went on from 
1932 to 1936, and with the slackening of government 
orders regarding activities of the Jesuits, Father Vitoria 
together with Father Gil (the present director of the 
Institute) undertook the risks of teaching at the Cen- 
tro. By this time Father Vitoria was close to his 70’s, 
yet he could muster more than enough energy to re- 
organize his work. To avoid overtaxing himself he was 
prevailed upon to undertake only the direction of the 
alumni association, the editorship of A finidad, and the 
classes in apologetics. This also gave him more time 
to keep up his contributions to the chemical literature. 
It was in 1934 that Father Gil took over the direction of 
the Institute as well as the chair of organic chemistry. 
The new director, a former student of Father Vitoria, 
planned to introduce those improvements which his 
master had been unable to push through because of the 
unsettled political conditions, but the Civil War of 
1936 put a halt to all such projects. During the three 
years of hostilities Father Vitoria joined his Jesuit con- 
freres who had sought refuge in Italy. But even at 
Castello di Bolengo his scholarly spirit allowed him no 
rest. He continued to give lectures in chemistry to his 
Jesuit students, and later obtained his superior’s per- 
mission to return to his native country and teach chem- 
istry to college students in the Franco sector of Navarre. 
With the war’s end in 1939 the Institute came back to 
life. From 1939 to 1940 though, only the first-year class 
was opened since a good number of former students had 
either lost their lives in the conflict, or were for the 
moment in no position to resume studies. Soon after, 
however, the Institute had to refuse many an applicant 
because of limited quarters. Their number since then 
has always been three or four times in excess of the 
suitable number. It was during the school year 1940-41 
that the intended pre-civil war innovations were imple- 
mented. These plans aimed at concentrating efforts 
on training first-class industrial chemists. Besides 
chemistry, physics, mathematics, and languages also 
were made obligatory subjects. Complementary sub- 
jects were to be mineralogy, geology, industrial analy- 
ses, chemical engineering fundamentals, sociology, 
apologetics, and ethics. Alongside these curricular 
improvements went the expansion of the physical facili- 
ties of the Institute. In 1943 the original building was 
expanded to three times its floor space. Father Vitoria, 
though no longer its director, still continued offering 
his help for its growth and improvement. Even today 
in his ninetieth year he still is in charge of the offices he 
assumed in 1936. He is, in addition, writing his mem- 
oirs and contributing original articles. To these as- 
signments must be added the hours he spends as tech- 
nical adviser and student counselor. Such zealous serv- 
ices to chemical education won for him in 1946 the 
highest award that his country offers for scientific 
achievements, the Grand Cross of Alphonsus X. And 
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on the occasion of his ninetieth birthday the Spanish 


- government awarded him the gold medal for merito- 


rious services. 
THE INSTITUTO QUIMICO DE SARRIA 


The priest-scientist and his Institute have become 
so identified in Spanish scientific and educational circles 
that it would be an incomplete task were we not to de- 
scribe the present vitality of Father Vitoria’s 50-year- 
old project. Every year only 40 applicants are accepted 
from among those who have passed the State ex- 
aminations or the pre-university courses. The candi- 
dates’ first year is preparatory in nature, aimed at 
weeding out the unfit. This year is climaxed by the 
qualifying examinations that usher those who pass 
them into the formal four-year course. Between July 
and September each year a review class is given for 
those prep-students who think they might profit by it in 
preparation for the qualifyings. The courses taken 
during the preparatory year are fundamentals of 
philosophy, foreign languages, and general courses in 
religion, mathematics, physics, chemistry, and mineral- 
ogy. Failure to make a passing grade in any of these 
subjects bars the candidate from continuing in the 
school. The four years of professional courses sum up 
to 1600 hours of laboratory work, 1200 hours of lecture 
periods, and 150 hours of examination periods. In his 
first year the student takes up general chemistry, 
inorganic chemistry, fundamentals of analytical chem- 
istry, mathematics, and languages. The second year 
he delves into analytical chemistry (qualitative, quan- 
titative, volumetric, gravimetric, special), advanced 
physics advanced mineralogy, geology, and languages. 
For his third year he has organic chemistry I (synthetic 
and analytic), physical chemistry, industrial analyses, 
and languages. In his last year he takes organic chem- 
istry II, fundamentals of chemical engineering, an in- 
dustrial project, sociology, and ethics. Throughout 
his four years he also takes the fundamentals of 
theology. Lectures are given in the morning and 
laboratory work goes on for four hours in the after- 
noon. The subjects are divided into primary, second- 
ary, and auxiliary. Primary subjects include in- 
organic, analytical, organic, physical chemistry, and 
chemical engineering. Languages are considered auxil- 
iary subjects, and all the others come under the head- 
ing of secondary subjects. 

Examinations are written, but orals are allowed in 
case of doubtful grades or as a chance to improve low 
ones. All laboratory courses require examinations 
that must be passed before undergoing the correspond- 
ing theoretical examinations. Ten unjustified ab- 
sences in either lecture or laboratory periods in a sub- 
ject disqualifies the student from the right to the June 
examinations in that subject. The principal subjects 
may be retaken but once, and the secondary twice, af- 
ter which the student forfeits his right to the diploma. 
If in the course of his years at the Institute the student 
receives seven grades lower than six he is likewise dis- 
qualified from graduation. Visits to chemical indus- 
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tries and reports on these form part of the complemen- 
tary courses. 

Even after his greduation the alumnus finds in his 
alma mater the help needed to carry on individual re- 
search or to solve any technical problems he may meet 
in his job. As a further aid to the alumni the In- 
stitute has specialization courses in soaps, per- 
fumery, cosmetics, fats, and oils. Spanish chemical 
industries, too, find in the Institute a research and 
development center. Out of the 1184 alumni only 
756 (63 per cent) have received the title of Diplomado, 
although 92 per cent of the 1184 have chosen industrial 
chemistry as their life work. Although the title offered 
by the Institute has as yet no official government recog- 
nition, in accordance with the government policy of 
recognizing only state university degrees, still of late the 
Spanish Ministry of Education has shown signs of a 
greater appreciation for the school’s accomplishments. 
In 1953 the Minister of Education recognized the newly- 
erected student union building as one of the country’s 
official residences for university students. One hun- 
dred of them reside there and enjoy the facilities offered 
by private rooms, recreation halls, and a cafeteria. 
Moreover, the government has also of late offered to de- 
fray part of the running expenses of the Institute. The 
prestige that the center has won in foreign countries is 
another indication of its intrinsic value. Its graduates 
are considered to be sufficiently equipped to be allowed 
to go on for doctoral work with minimum require- 
ments at universities like Caen, Grenoble, and Fribourg. 
The Nobel laureate in chemistry Paul Sabatier in a let- 
ter to Father Vitoria laid down the precedent that any 
graduate of the Institute may obtain the degree of 
chemical engineering from the University of Tou- 
louse’s chemistry department after one year of oa 
at the French university. 


ANNIVERSARY CELEBRATIONS 


Last May’s double anniversary at the Instituto 
Quimico de Sarri4 will long be remembered by Spanish 
chemists. It consisted of two parts: three groups of ex- 
positions, and the academic program to honor its foun- 
der, Father Vitoria. The expositions had a two-fold 
aim: to bring to light both the achievements of the 
school and the greater participation of its alumni in 
today’s growing Spanish chemical industries. One of 
these expositions displayed 142 booths of chemical 
products and industries in which the Institute’s alumni 
have a hand either as managers or as employees. The 
second group of exhibits was that on scientific instru- 
ments and laboratory materials, in which 40 firms par- 
ticipated. The third group of exhibits was that en- 
titled The Spanish Chemistry Book. This was the 
first display in Spain of chemical publications edited by 
Spanish printers. It brought into one place about 600 
books on chemical subjects, and included those his- 
torically-valuable editions now in the custody of the 
National Library of Madrid. A/finidad for May, 1955, 
crystallized this chemical treasury in a special extra- 
Series issue of 288 pages entitled “Catalogo del Libro 
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Espajiol de Quimica (1920-1955).” In it are listed, 
following regular library entries, 1200 chemistry publi- 
cations edited in Spain between the years 1920 and 
1955. The emphasis of this bibliography is on analyt- 
ical and industrial chemistry, but it includes such other 
headings as atomic structure, agricultural chemistry, 
metallurgy, and mathematics for chemists. 

The special program to honor Father Vitoria was out- 
standing not only for the solemnity of the occasion but 
also for the presence of distinguished foreign chemists 
who came to share with him the satisfaction of wit- 
nessing the accomplishments of 50 years of labor, as 
well as to acknowledge the value of his work for indus- 
trial chemistry and chemical education in Spain. The 
President of the Gesellschaft Deutscher Chemiker, 
Prof. Dr. Clemens Schépf, voiced the greetings of Ger- 
man chemists offering Father Vitoria an 1843 copper en- 
graving of Baron von Liebig. The second speaker, Dr. 
Bruylants, chemistry professor at the Catholic Uni- 
versity of Louvain, displayed a perfect command of 
Latin when reading the salutations from Father Vitor- 
ia’s alma mater. The University of Fribourg’s repre- 
sentative was Dr. Louis Chardonnens, who directed the 
doctoral thesis of today’s director, Father Gil Quinzé, 
S.J. France’s chemists sent two representatives, Dr. 
Cathala of the University of Toulouse, and M. Paul 
Foret of the Société de Chimie Industrielle. The 
University of Madrid expressed its joy and good wishes 
through Prof. Dr. Manuel Lora Tamayo, who is also the 
secretary of the national research center, Juan de la 
Cierva Institute. The Universities of Caen, of Greno- 
ble, of Barcelona, and of Valencia, as well as the Spanish 
Royal Academy of Sciences were among the many other 
centers of learning which took part in the celebrations 
through official congratulatory letters. Undoubtedly 
present, too, in spirit were those scientific organizations 
in and outside of Spain that have admitted Father 
Vitoria among their own. They had become aware of 
his prominence and value way back in the first years of 
the Institute’s establishment, as is noticed in the follow- 
ing listing of the scientific bodies to which he belongs: 
Société Quimique de Paris (1905), Deutsche Chemische 
Gesselschaft of Berlin (1906), Spanish Royal Academy 
of Physics and Chemistry (1909), Coimbra Institute of 
Portugal (fellowship in 1911), Sociedad Cientifica 
Antonio Alzate of Mexico (fellowship in 1913), Socie- 
dad Quimica Argentina (fellowship in 1914), Pontifical 
Roman Academy Dei Nuovi Lincei (fellowship in 1916), 
Royal Academy of Arts and Sciences of Barcelona 
(fellowship in 1917), Société Scientifique of Brussels 
(1918), Academy of Sciences of Saragossa (fellowship 
in 1921), Argentinian Chemical Society (honorary mem- 


. bership in 1924), Argentinian National Pharmaceutical 


Society (1925), National Academy of Medicine of 
Buenos Aires (fellowship in 1940), Vice-president of the 
Royal Academy of Arts and Sciences of Barcelona 
(1945), President of this last organization (1947-52), 
and Société de Chimie Industrielle (honorary member- 
ship in 1948). 

To say that Father Vitoria’s 50-year services to chem- 
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ical education have been most fruitful is to state the 
obvious. For this we have but to take a look at the 
massive walls of his Instituto and recall the names of 
the hundreds of students to whom he has imparted the 
spirit of the chemical profession. We only hope that in 
the future his work may be carried on with even greater 
success by the nine doctors and six masters whom his 
foresight and enthusiasm have trained for the job. 
May this brief review of the priest-scientist and his 
achievements be the tribute of thanks as well as the 
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token of appreciation of his English-speaking colleagues 

‘who are rightly proud of a fellow educator, a scholar, 
and a chemist who has added new luster to the teach- 
ing and chemical professions. 
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Aw impartian and dispassionate study of competent 
sources leads to the almost inevitable conclusion that 
distillation in the present sense of the word’s meaning 
was not known to antiquity. The apparent references 
and even the mention of the word itself by Aristotle, 
Theophrastus, Pliny, Dioscorides, Galen, and others 
only indicate that the writers or their sources had made 
observations of certain conditions and events which had 
great significance to them but which, in fact, they did 
not fully comprehend and understand. 

The Alexandrian chemists are frequently credited 
with the knowledge of distillation, but an examination 
of the utensils which they describe and which could 
have been at their disposal discloses that these were 
not equipped with efficient cooling devices for conden- 
sation of vapors from low-boiling liquids (Figure 1). 
From time to time, fragmentary references concern- 
ing the culture and knowledge of old tribes and peoples 
appear and these are interpreted to mean that some of 
the early Asiatic people, especially the Chinese, knew 
alcohol and, therefore, distillation. The study of dis- 
tillation is inseparably connected with the history of 
alcohol, which as a medicine and stimulant was known 
in very early times but only as a mysterious and un- 
known constituent of readily available natural pro- 
ducts. Of these, wine was the most prominent. 

Arabs and Syrians are mentioned by some investiga- 
tors as having had the use of alcohol, but they cer- 
tainly could not have known it as we define it. Some of 
this erroneous belief is due to the fact that the name is 
Arabic—al Kohol—but it refers to any finely-divided 
powder. 

Therefore, if we choose to leave legend, hearsay, and 
speculation and confine ourselves to established and 
documented facts, it becomes almost certain that the 
discovery of alechol—which indeed seems to have been 
the first product of any scientific distillation—was not 
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made in the Orient but actually in the Occident, most 
probably in Southern Italy in the eleventh or twelfth 
century. 


ARISTOTLE AND THE DISTILLATION OF SEA WATER 


Aristotle and some of his pupils, especially Theo- 
phrastus, observed that by pouring wine into sacrificial 
fires the flame is made to flicker and to become intensi- 
fied, but there is no indication that they were aware of 
the constituent which produced this effect. However, 
the observations of Aristotle are not confined to wine. 
Some of the admirers of this early Macedonian philoso- 
pher and physician credit him with the knowledge of 
methodical distillation of sea water. It is, nevertheless, 
significant that about 500 years later his profound com- 
mentator, Alexander of Aphrodisias, can furnish no 
additional information on this certainly important sub- 
ject. 

Alexander in his own right, however, is deserving of 
attention. His place of birth, Aphrodisias, is situated 
not far from the glamorous Carian city of Ephesus 
which was then the commercial and cultural center of 
the Eastern Mediterranean. However, not content 
with living in Asia Minor, he belonged to a group of 
philosophers called ‘“‘Peripatetics’”’ and is known to have 
lectured in Athens in about the year 200 a.p. 

His most enlightening comment quotes a passage 
from the master’s ““Meteorologica”’ (1, 2) in free trans- 
lation as follows: ‘They boil the sea water and suspe.:d 
large sponges from the mouth of a brass vessel to a)- 
sorb what is evaporated, and after drawing the liquid 
from the sponges they find it to be sweet water.”’ 

This would be no more than a practical application of 
Aristotle’s theory, as expounded in ‘“Meteorologica” 
(Book I, Chapter 9), in which he attempts to describe 
and explain the rain cycle as some sort of naturai dis- 
tillation without, however, mentioning the word. 
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Now the earth remains but the moisture surrounding it is made 
to evaporate by the sun’s rays and the other heat from above, 
and rises. But when the heat which was raising it leaves it, in 
part dispersing to the higher region, in part quenched through 
rising so far into the upper air, the vapour cools because its heat 
is gone and because the place is cold, and condenses again and 
turns from air into water. And after the water has formed it 
falls down again to the earth. 


He even enlarges his observations on water and at 
least makes an attempt to apply it to other fluids. 


Salt water when it turns into vapour becomes sweet, and the 
vapour does not form salt water when it condenses again. This 
I know by experiment. The same thing is true in every case of 
the kind: wine and all fluids that evaporate and condense back 
into a liquid state become water. They all are water modified 
by a certain admixture, the nature of which determines their 
flavor (Book II, Chapter 3). 


PLINY AND HIS ‘“‘NATURAL HISTORY” 


Even before the appearance of Alexander’s commen- 
taries, but more than 300 years after Aristotle, the great 
historian and philosopher Pliny the Elder (Plinius 
Secundus) who died in the destruction of Pompei, in 
79 a.p., describes on his own account a process to ob- 
tain fresh water at sea and on shore. Since, however, 
it is known that his knowledge was not all original but 
derived partly from the great Greek philosophers be- 
fore him, it is not impossible that he was to some ex- 
tent copying from Aristotle’s ““Meteorologica.”” Never- 
theless, it must be conceded that Pliny, basically a 
historian, was primarily concerned with the recording 
of known facts; whereas Aristotle was more of a 
theorist and philosopher. 

In any event, Pliny writes in his “Natural History” 


(3): 


As persons out at sea often suffer great inconvenience from the 
want of fresh water, we will here describe some methods of ob- 
viating it. Fleeces are spread round the ship, and on becoming 
moistened with the exhalations arising from the sea, the water is 
wrung from them, and found to be quite fresh. 


Although not quite germane to this discussion, it is 
certainly of interest to also quote the sentence which 
follows immediately : 


Hollow balls of wax, also, or empty vessels sealed at the mouth, 
upon being let down into the sea in a net, become filled with water 
that is fresh and potable. 


A member of the Byzantine group which took up the 
work of the dispersed Alexandrians also mentions and 
considerably expands on the experiment described by 
Aristotle. He uses—perhaps for the first time—the 
word “distillare’’ or “destillare’’ which, however, means 
simply “to drop” or “drip off.”” The word is employed 
by several contemporaries. 
in connection with snow and further by Seneca and 
Celsus, the medical writer of the first century .p. 
While, therefore, we find the word “distillare” in a 
number of places, there can be no doubt that it was 
never used in our sense of the word. 

In this respect, it is important to emphasize that the 
interpretation of “distillation” as used not only by the 


It is also used by Pliny. 
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Greeks and Romans, but perhaps even before them by 
the Arabians, is confused with what later was recog- 
nized and what certainly we now understand as sub- 
limation. 

The preparation of mercury and calamine, for in- 
stance, is described by Dioscorides who lived in the 
same century as Pliny, and later by Zozimus. 

Pliny says in his “Natural History:” 


Putting an iron Spoon having Cinnabaris in an earthen pot, 
they cover the Cup dawbing it about with clay, then they make a 
fire under with coals: and ye soot that sticks to ye pot, being 
scraped off and cooled, becomes Hydrargyrum. It is found also 
in ye place where silver is melted standing together by drops on 
ye roofs. 


The ‘Greek Herbal” of Dioscorides (4) contains this 
enlightening passage: 


And ye servant that is under with all doth do ye same, and 
casteth on more coals, until all ye Cadmia that was laid on be 
consumed, so that by the burning, the thin and light part is 
carried into the upper room, and sticks to the walls and to ye 
roof thereof. 


THE ALEXANDRIANS 


Zosimus of Panopolis (5) who lived about 300 years af- 
ter Pliny is credited with having written 28 books on 
alchemy, although only a few have been preserved. 
It is of particular interest to note that he describes some 
apparatus which he claims to have seen in the Temple 
of Serapis at Memphis where apparently some then 
elaborate laboratories were maintained. 

There can be hardly any doubt that the distillation, 
or rather sublimation, of mercury was known to the 
old Egyptians at least one or two thousand years before 
Zosimus, because they combined the mercury which 
they separated from cinnabar with other metals and 
thereby obtained the magnificent pigments with which 
they adorned the funeral chambers and vestments of 
their kings. They also applied the pigments to the 
hieroglyphics in the halls of their temples, some of 
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which as in Karnak have retained their vivid colorings 
although exposed to the air for several milleniums. 

Perhaps most interesting with regard to the history 
of distillation is that part in the Encyclopaedia of Zosi- 
mus describing the work of two female alchemists who 
lived about the beginning of the Christian Era—one 
Cleopatra (not to be confused with the temptress of 
Caesar’s time and the heroine of Shakespeare’s and 
Shaw’s dramatic creations) and the other, Mary, the 
Jewess. The French chemist and historian Berthelot 
(6, 7) has given a detailed study of these two early fe- 
male alchemists and outstanding members of the Alex- 
andrian group. Cleopatra wrote a treatise, ‘“Chryso- 
poea,” on gold making, of which unfortunately only a 
single page has survived. It describes what is almost 
without any doubt the earliest distilling apparatus. It 
consisted of a sort of heating device under a circular 
vessel with a vertical tube leading into an alembic onto 
which were attached two condensers, which probably 
also served as receivers and in their twin capacity were 
called ‘‘Dibicos”’ (Figure 1). 

Mary, the Jewess, wrote an extensive treatise on 
heating devices, which mostly were plates on which 
metals were heated and exposed to the action of mer- 
cury or arsenic vapor. She also described a double- 
walled heating vessel filled with water, which vessel 
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survived, almost unchanged, into our times as the in- 


‘ dispensable water bath, the “balneum Mariae.”’ The 


French designation for this universal instrument has 
remained to this day, “bain Marie,” after its original 
creator. 

It is therefore, evident that this group of Greek 
alchemists were acquainted with some sort of distilla- 
tion, but the processes they employed did not differen- 
tiate sharply between sublimation and genuine distilla- 
tion. In any event, they produced such remarkable 
results that the Romans became fearful of their in- 
fluence and under a decree by the emperor Diocletian 
most of the records were unfortunately destroyed. 
However, some papyri survived and served Berthelot 
as basis for his enlightening studies. 

There can be very little doubt that some of this 
primitive knowledge was not confined to the Greeks 
and Romans. It undoubtedly spread to other parts of 
the world and there similar discoveries and further de- 
velopments took place. 


ALCOHOL 


All sorts of references can be found which indicate 
that peoples in many parts of the world prepared 
numerous types of fermented beverages from the grape 
and other fruits or from grains and vegetables. They 
recognized the presence of a powerful ingredient and at- 
tempted in many ways to extract it, especially because 
they suspected that it would have great healing power. 
There appeared some Arabic writings attributed to a 
group of alchemists called ‘True Brothers” which prob- 
ably were written in the ninth or tenth century, but 
refer back to much older sources. These refer to the 
distillation of water without, however, presenting any 
practical procedure. Mentioned more prominently is 
the preparation of ‘‘rose water.”’ Whether this “rose 
water,” which appears frequently in many parts of the 
world, was to be used more for pharmaceutical or cos- 
metic purposes is not evident. It is worthy of note 
that these writings do not speak of wine or the re- 
covery of anything which could be likened to alcohol. 

Similarly, some sort of Persian pharmacopoeia which 
was written in the year 950 by a Persian physician, Abu 
Mansur, recommends distilled water for pharmaceuti- 
cal purposes and indicates this application as a new dis- 
covery. It also mentions the art of distilling sea water 
as something entirely new so that marooned mariners 
would no longer have to die of thirst. Some investi- 
gators ascribe to a well known Arabic physician, Razi, 
the knowledge of alcohol and its use as medicine. 
However Razi uses the word “fermentari” only in con- 
nection with sugar, honey, and rice and describes the 
result as “vina falsa,”’ or “imitation wine” (Latin words 
as translated from Arabic by Berthelot). Even better 
known is a later Arabic physician who lived about 100 
years later. His name was Ibin Sina, but he became 
famous under the name of ‘“Avicenna,’’ the form his 
name took in Latin translation. He wrote more than 
100 medical treatises, creating new doctrines enlarging 
on those of Galen and Hippocrates and modifying the 
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concepts of Aristetle. Some sources ascribe a know!- 
edge of alcohol to him without, however, any convincing 
evidence. Careful examination of the works of another 
and even later physician of Spanish-Arabic origin, Abul- 
Kasim, who died about 1107, discloses his knowledge of 
implements which in many ways resemble those of the 
Alexandrians but were used chiefly or exclusively for 
the production of “rose water.” Significantly enough, 
he does not refer back to the comparatively recent 
works of the other Arabic physicians but rather to the 
much earlier writings of Aristotle, stating almost in 
passing that “Likewise it is possible, if so desired, to 
also distill wine,” without, however, stating that this 
actually had been done. 

Consequently, a dispassionate examination of these 
and other writings leads to the almost inescapable con- 
clusion that the discovery of alcohol, which would 
obviously be connected with the knowledge of distilla- 
tion, cannot be ascribed to the Arabians. 

This development, therefore, moves almost definitely 
to the Occident, as already stated. It is not certain 
whether it took place first in Southern Italy or, as some 
believe, in Germany or possibly almost simultaneously 
in both places. Actual priority would be difficult to 
establish. 

The fact is that there has been found in the South 
German monastery, Weissenau (8), a parchment docu- 
ment originating in the twelfth century. It is covered 
with medicinal rules and recipes, some of them in code 
in several different handwritings. One of these recipes 
mentions “aqua ardens,” or in German “Brennendes 
Wasser,” or theréfore alcohol. It describes the process, 
freely translated as follows: ‘Place in the cucumber 
(‘Gurke’—the distilling vessel) one pint wine and one 
pound red sulphur salt, or also four ounces living sul- 
fur, which has been roasted in an ordinary pot and 
four ounces tartar, which you add all together and then 
close with a cover (ventosa), the watery part (aquositas) 
which flows down through the nose (nasum) of the 
cover you collect.” 

It so happens that this recipe is almost identical with 
a codex, also originating in the twelfth century, which 
was discovered in the Tuscan cloister of San Gimignano. 

These two parchments indicate independent direc- 
tions for the carrying out of an operation which cer- 
tainly must be accepted as some sort of distillation. 
Nevertheless, there is a possibility, however remote, 
that both refer to a common source which at least one 
investigator claims to have traced back to the eighth 
century without being able to furnish any convincing 
proof of this supposition. How closely the two parch- 
ments can be associated with the work and the dis- 


covery of the group in Salerno, in particular the work of - 


their leader, Magister Salernus (9), is difficult to ap- 
praise. 


ALBERTUS MAGNUS AND VILLANOVA 


__ Out of all this somewhat conflicting mass of evidence 
ii such it can be called, there emerges clearly the fact 
that the first actual distillation and with it the first 
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production of ‘aqua vitae’ (alcohol)—two events 
which must be closely associated—took place almost 
definitely during the twelfth century. This supposi- 
tion is further supported in the writings of one of the 
most reliable authors and scientists of this period, 
namely, Albert the Great (10, 11), a very versatile 
physician, philosopher, and naturalist born about 1193 
in a small Suabian village near Ulm. He traveled, 
lived, and worked in a great many cities in Germany, 
Holland, Italy, and France, first as a student, then as 
lecturer, and even as a preacher for the Crusades and 
as Bishop of the Church. Albertus not only examined 
closely the writings of Aristotle, Pliny, and others point- 
ing out their errors and misleading statements, but he 
also developed a classification of plants which led him 
very close to a system which Linné perfected several 
centuries later. In some of his writings, we again 
meet the confusion existing between distillation and 
sublimation. He states at one point that by “subli- 
mating’’—he does not use the word “‘distilling’’—wine, 
also rose water, there is obtained a light liquid which 
swims on the surface and is inflammable or in his words, 
“liquor inflammabilis supernatans.”’ 

Albertus died in 1280, about halfway through the life- 
time of another scientist to whom is ascribed, perhaps 
more generally than to Albertus, the first description of 
alcohol and its production by distillation. He was born 
as Arnald de Villanova (12) about 1235 in Spain but re- 
putedly studied, presumably medicine, at Naples, and 
from then on traveled in many European countries as 
physician and lecturer. 

He treated several of the Popes in Rome and at 
Avignon, and also James II in Barcelona. Undoubt- 
edly, he spent much time in France and lectured at the 
then well known University of Montpellier about 
1305. He was a very prolific writer and is considered 
by many as one of the most remarkable medical per- 
sonalities of the Middle Ages. We find his books on 
many subjects published under a number of titles. 
In one of them, “Rosarius,’’ he expounds completely 
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new theories of transmuting mercury by a sequence of 
operations comprising sublimation, dissolution, and 
purification. In his remarks on the relative weight of 
chemicals, he certainly showed the beginning of the 
way to quantitative chemistry. In another work, 
“Distillatione Sanguinis Humani,” (‘“The Distillation 
of the Human Blood”’) he describes a fractional distilla- 
tion of the human blood, giving as the components 
water, yellow water, red water or “‘fire,’”’ and finally a 
component. which he calls “air.” The part which he 
calls “yellow water” may well have been the first 
separation of blood plasma. His first fraction is re- 
distilled three times, sometimes together with the 
juices of fruit or herbs and flowers. In this way, he 
claims to obtain compounds which are useful against 
certain diseases. Most important for our present sub- 
ject is a book which he dedicated to Frederick IT of 
Sicily. Init, he describes ‘‘aqua ardens” or alcohol and 
claims a number of virtues for it. Based on these writ- 
ings, many investigators and modern reference books 
ascribe the discovery of alcohol and the first use of the 
words “aqua ardens” and “aqua vitae” tohim. Careful 
examination of his writings show that he must have 
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known alcohol in what must have been a relatively high 


‘form of purity for that time, but a specific mention of 


the name alcohol cannot be found. 

While living in Naples, he apparently worked in close 
conjunction with another physician and alchemist born 
as Raimon Lull (13) in Majorca, but better known as 
Raymond Lulle or Lully. In his “testamentum novis- 
simum,” he states that he distilled wine and rectified it 
up to seven times, although a three-time distillation 
was sufficient to obtain “aqua vitae.”” In general, the 
description of his experiments and their results coincide 
so closely to those of Villanova that it is most difficult, 
if not impossible, to determine who was the teacher and 
who the pupil. If either or both of them are credited 
with the first-time use of the word alcohol, the same 
difficulty exists for determining priority. 

It was during the time of Villanova and Lully that 
alcohol, under whatever name, became more widely 
known and used chiefly if not exclusively for medical 
reasons. In 1348, Europe was swept by a horrible 
epidemic of plague, the well known “Black Death,” and 
alcohol or “‘spiritus vini’”’ was considered one of the few 
medicines which could give relief. The importance of 
this new addition to pharmacology was further height- 
ened by a Florentine physician, Michael Savonarola, 
the grandfather of the famous reformer who was burned 
to death for his alleged heresy. Savonarola first dis- 
tilled his wine in fractions up to ten times until he con- 
sidered his “aqua ardens” pure enough to be used for 
preparations of “simplicia et composita’’ made by 
mixing or macerating it with flowers and herbs before 
the final distillation. 

Perhaps due to the scarcity of wine or because grapes 
could not be raised in all countries, it was discovered 
about this time that this new medicine could also be 
made from grains. It is certain that by 1615 the manu- 
facture of alcohol from grain as well as from fruit, 
first by fermentation and then by distillation, was well 
known. A book by Libavius (14, 15) printed in 
Frankfurt in 1606 contains descriptions in considerable 
detail with many illustrations. 

However, considerably before Libavius there had 
appeared in print a work, which by any standards 
whether of the sixteenth century or of our time, must 
be considered outstanding. It was written by a resident 
of Strassburg, Hieronymo Brunschwygk, under the 
title, Liber de Arte Distillandi de Simplicibus,” and 
printed by Johannes Griininger, a pupil of Gutenberg, 
in Strassburg in the year 1500 (16) (Figure 2). Better 
known as Hieronymus Brunschwig, he was a well 
known physician of great learning and, for his time, a 
voracious reader who was credited with having studied 
more than 3000 volumes. Before him, the only work 
on surgery was Vesalius’ famous classic, ‘‘De Corporis 
Humani,”’ composed, of course, entirely in Latin. 
Brunschwygk wrote the first German book on surgery, 
“De Cirurgia,” also printed by Griininger and published 
in Strassburg in 1497. 

As a physician, Brunschwygk knew the importance of 
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distillation principally for the production of the healing 
waters and elixirs which were then in general use. 
From primitive beginnings by the early Egyptians and 
the Alexandrian alchemists to the alchemists and heal- 
ing monks of the Middle Ages, distillation was recog- 
nized as the principal tool for the making of healing 
draughts and scented preparations to cure all sorts of 
ills. It is, therefore, readily understandable that such 
a well-read and versatile scientist as Brunschwygk 
should have undertaken to write the first compendium 
on distillation. It is also natural that his book shows 
the predominating influence of the physician, but it 
gives, nevertheless, a clear and understandable picture 
of the distillation process as it was then known and of the 
apparatus which was then available (Figure 3). 

In addition, however, it was a sort of compendium 
for various pharmacological preparations that could be 
obtained by distillation, enumerating the principal 
herbs to be used. The very interesting title page of the 
book shows not only an assortment of distilling appara- 
tus but also some sort of botanical garden whose plants 
could furnish medicines, essential oils, and perfumes. 
The book must have found ready acceptance and quick 
distribution because it was followed rapidly by several 
revised editions. The first issue, being shorter and of 
smaller format, is now known as “Das Kleine Distillier- 
buch.” 

In later editions, the book was gradually enlarged and 
emerged finally in 1512 as “Das Grosse Distillierbuch” 
(17) (Figure 4), in a larger format and about twice the 
volume. This book constitutes an outstandingly fine 
example of early printing and shows an almost incredi- 
ble wealth of beautifully-executed and highly-instruc- 
tive woodcuts. Although Brunschwygk’s book was 
preceded by several smaller printed works, as for in- 
stance one by Schrick (18) under the title of “List of 
Burned Waters” printed in 1483, these earlier works 
were not much more than short treatises. 

As printing became more popular and as the art of 
distillation was developed and became better known. 
books on the subject began to appear more frequently 
in many cities of Europe and later elsewhere. The 
rapid progress which was being made is exemplified in a 
book printed in Frankfurt, in 1556, under the title 
“Neu Gross Destillierbuch,” written by Walter Ryff 
(19) and distinguished by its wealth of fine illustrations 
with numerous woodcuts. Of particular interest are 
some that show the progress in heating and condensa- 
tion devices (Figure 5). 


PARACELSUS 
It is perhaps no coincidence that during the time of 


Brunschwygk and Ryff there emerged a physician and . 


student of nature who had a most profound influence not 
only on the scientific thinking of his time, but also 
most likely on the development of all science thereafter. 
He was born in a small village in Switzerland near the 
famous cloister and place of pilgrimage, Einsiedeln, 
where his father had also been a physician, and he bore 
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the impressive name of Aureolus Philippus Theo- 
phrastus Bombast Von Hohenheim. Some time in the 
course of his travels he decided to assume another name, 
either because he considered his own too much of a 
hardship or perhaps he already estimated himself at 
least as good, if not better, than the famous Celsus of 
the first century. In any event, he now became known 
as “Equal-to-Celsus,” or Paracelsus (20, 2/). 


Figure 5. Ryff: Worm Condenser 


Not willing to accept old and antiquated concepts, he 
not only became rebellious but also in somewhat antago- 
nistic fashion proclaimed as obsolete the almost sacro- 
sanct medical doctrines and concepts of Galen and Avi- 
cenna. He voiced his conviction that experience and 
observation should be the most essential parts of the 
curriculum of the physician. He urged alchemists and 
physicians to stop making gold and seeking mysterious 
elixirs and instead to study the fundamentals of science 
and find true medicines. In what is probably his best 
known work, “De natura rerum,” he says: 

I praise the chemical physicians . . . they busy themselves at 
learning the steps of alchemy—distillation, solution, putrefaction, 
extraction, reduction, coagulation, tinction. . 
Thus he really introduced chemical thinking into medi- 
cine. 

Before Paracelsus, alchemy had been some sort of 
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mysterious technique. Under his influence emerged the 
science of chemistry, and he was actually the first to 
use the word. It is significant that in many later books 
and by many writers chemistry became known as “‘the 
art of distillation.’ 

Whether or not due to the appearance of books on dis- 
tillation by Brunschwygk and Ryff and others, the 
knowledge of the art seems to have spread rapidly and 
considerable progress was achieved in methods and 
apparatus. Additional books on the subject appeared. 
One of outstanding importance was by a Neopoli- 
tan, Johannes Baptista Porta, sometimes called the 
“Ttalian Brunschwygk.” He was born in 1545 and 
became a professor at the Academy of Naples in 1603 
after having traveled extensively in his own country, 
Spain, and France. 

Porta was a very learned man who lectured and wrote 
on many subjects such as philosophy, mathematics, 
astrology, and even a treatise on teeth. Outstanding is 
his work on distillation in nine volumes under the title, 
“de Distillationibus” (22). In one chapter, he points 
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Figure 8. Porta: Hydra 
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out that distillation has been so named because it “is 
‘running drop by drop.” 

Porta also differentiates two classes of distillation, ac- 
cording to whether the vapors rise or are forced down. 
In accordance with “destillatio per ascendum” or “per 


. descensum”’ the condensers and receivers are construc- 


ted and placed. He used various forms of digesting 
vessels which he likened to animals and sometimes 
even human beings. His favorite comparison is with 
a pelican. This name is used not only by Porta, but 
also by many later writers. Two connected vessels in 
human shape were known as “twins” or “brothers” 
(Figures 6 and 7). 

Of particular interest is a multiple pelican showing 
six connected retorts or chambers with receiving vessels 
attached to the five upper ones (Figure 8). This 
arrangement can really be considered a primitive fore- 
runner of our modern column still. However, it must 
be emphasized that Brunschwygk, Ryff, and Porta 
seemed to rely for condensing solely on air cooling and 
only rarely mentioned more efficient methods. 

The important improvement represented by water 
cooling seems to be reserved to a Swiss scientist, Conrad 
Gessner, (or Gesner) born in Ziirich in 1516. Despite 
his origin he is sometimes called the “Pliny of Ger- 
many,” perhaps because he taught for a considerable 
length of time at Strassburg. However, he studied in 
France and after graduating as a physician in Basel 
settled again in his native city of Ziirich. He wrote and 
published an astonishing number of works on different 
subjects, especially on medicine, of which the most im- 
portant is “De Remediis secretis’’ (23) in which he de- 
votes extensive chapters to the methods of distillation 
and various types of equipment. Besides explaining 
the difference between rising and descending distilla- 
tion, he points out comprehensively the use of the water 
bath in preparing distillates and in a number of illus- 
trations shows an interesting assortment of water 
coolers (Figure 9). 

After Gessner’s books, the most important ones are 
probably those by Libavius, already mentioned briefly, 
whose book ‘‘Alchymia” was printed in Frankfurt in 
1606. The books by this author begin to show a num- 
ber of modern tendencies. For example, a multiple 
head already indicated in Porta’s book in a much more 
primitive form appears to be the forerunner of the 
column still. These gradual technical developments 
and improvements have been described in an admirably 
comprehensive and condensed article by Egloff and 
Lowry (24), “Distillation methods, ancient and mod- 
ern.” It follows the development of the process and 
the apparatus up to modern oil-distillation units, which 
are probably the last word in the development of this 
art unless the very intricate fractionating devices used 
in the modern laboratories can be considered a further 
refinement. As Egloff convincingly points out, more 
impressive than the reading of any books is the fabulous 
exhibition of early alchemical distillation and its growth 
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and development into modern distillation in the Deut- 
sches Museum in Munich, a wonderland of art and 
science. There is in existence, of course, a wealth of 
books, most of them highly specialized and devoted to 
every phase of the now highly diversified distilling in- 
dustry. 

In England, the first original books on distillation ap- 
peared some time in the seventeenth century. Notable 
is one by John French, “Dr. of Physick,” printed in 
London in 1650 (25). His introduction ‘“To the reader’ 
begins with a sentence which certainly is true of a very 
large part of the writings on distillation of his and earlier 
times: “There is a glut of chymical books, but a scar- 
city of chymical truthes.”’ 

The first fairly comprehensive book was by Y. Worth, 
“The Compleat Distiller’ published in 1705 (26), 
followed by some others of which perhaps the most in- 
teresting is “The Complete Distiller’? by Cooper, first 
published in London in 1757 (27). 

American books on the subject did not appear until 
the early part of the nineteenth century. The first 
one was by Michael Krafft, “The American Distiller,”’ 
published in Philadelphia in 1804 (28). Interestingly 
enough, it carried a two-page dedication to President 
Jefferson. From then on books on distillation ap- 
peared with increasing frequency as the field for this 
art increased and broadened, the equipment expanded 
and improved, and the theoretical knowledge pro- 
gressed under systematic scientific research and develop- 
ment. Notable among more recent reviews are those 
by Forbes (29), Underwood (30), and Lippmann (31). 

The student of the art of distillation of today has at 
his beck and call a comprehensive array of literature 
covering its every principle, essential part, and aspect. 
He is the fortunate heir to all that has gone before in 
thought, experimentation, and discovery. 
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[Epitor’s NoTE: This chart serves to summarize the status of the development 
of nuclear reactors in the United States as of November 1, 1955. Science teachers 
find students at all levels of training becoming more and more hungry for details 


from sources other than science fiction. 


The editors of TH1s JouRNAL are pleased 


to be able to provide so much information in this convenient reference form. 
Since it compiles headlines written to report one of science’s most rapidly ad- 
vancing fields, its timeliness implies a warning against assuming that it will be up 
to date for long. For example, it now appears (February, 1956) that the first non- 
military reactor to provide steady power to generate electricity for a private util- 
ity will be the pilot plant of North American Aviation’s sodium graphite reactor. 
This electricity will be fed into the lines of the Southern California Edison Com- 


pany in the summer of 1956. ] 


NUCLEAR REACTORS IN THE UNITED STATES 


BEGAN 


1942 
1944 


1950 
1951 


1952 


1953 
1954 
1955 


SRE 


HRE-2 


PWR 


SOME RESEARCH REACTORS 1942-1955 


APPROX. 


CODE TYPE FUEL (and reflector) 
CP-1 first pile, Nec. 2, 1942 natural uranium 

X-10 for isotope manuf. "* Uin Al, 24 ft. core (C) 

-- for plutonium production 

-- research 
BSF swimming pool reactor bulk shield. facility, 3kg90%U -235 
MTR materials testing reactor same as BSF, (BeO) 
EBR-1 experimental breeder r. a cubic ft. nyu wll 
CP-3 research 3 tons natural ur 
SUPO = super power water boiler 12.7 liters B9%U-235 n nitrate (C) 
HRE-1 homogeneous r. experiment aqueous uranium salts 

=H heavy water farms natural uranium 
TTR Low power thermal reactor high. enriched, 2.7kg U-235 (C) 
STR-2 submarine thermal reactor highly enriched w. U-235 

-- Raleigh, boiling water r. 14 liters UO2S0 4, 90% U-235 (C) 
SIR-2 submarine intermediate r. highly enriched w. U-235 


MODERATOR COOLANT LOCALITY 
graphite none Chicago (West Stands) 
air Oak Ridge, Tenn. 
= H,0 Hanford, Wash. 
‘air Br ookhaven, L. |. 
H20 H20 Oak Ridge 
Arco, Idaho 
--- NoK Arco, Idaho 
020 Argonne, Chicago 
H320 Los Alamos, N. M. 
Arco, Idaho 
020 D020 Savannah River 
H20 H20 Schenectady (GE, Knolls) 
pressurized light water Arco, Nautilus (Westinghouse) 
H20 H N. Carolina St. College 
Be Na W. Milton (GE) and the Seo 


Wolf 


The first time power from a nuclear reactor was ever sent into a public utility line was on July 18, 1955, 


when 10,000 kw. from the prototype of the submarine the Sea Wolf at West Milton, N. Y. was sent 


the lines of the Niagara-Mohawk Power Corporation. 


POWER REACTORS - AEC’s FIVE-TYPE FIVE-YEAR PLAN — 1955-60 


BOILING WATER REACTOR (BWR); Boiling Experimental Reactor (BER); 
Experimental Boiling Water Reactor (EWBR). Steam formed inhighly enriched 
U-Al plates passed into a shielded turbine, no heat exchanger. H20 at 

psi and 488°F. is coolant. The model ‘‘Borax-3"’ lighted Arco on July 17, 1955. 


SODIUM GRAPHITE REACTOR (SGR); Sodium R Exper |, Fuel 
is 2.8% enriched U, graphite moderated, Na cooled. High Temp., not 


pressurized, high thermal efficiency. Rated 20 Mw for heat. 


HOMOGENEOUS REACTOR, experiment number 2; React 
Test (HRT); Thorium Breeder Reactor (TBR); hme. Thorium 
Breeder (HTR). A fast breeder; 90% enriched U02SO, in D20, surrounded 
by a slurry blanket of thorium dioxide in D20. Neutrons escaping the 
core change Th into U-233, thus breeding fuel. Most advanced type of 
reactor, eliminates fabricating fuel elements and elaborate separation of 
fission products. 


PRESSURIZED WATER REACTOR. Water at 600 psi and 525°F, circulates 
through slightly enriched U in a zirconium alloy to produce steam. Another 
Pressurizec Nater Reactor is the Army Packaged Pressurized Water 

Reactor (APPR). 


FAST BREEDER REACTOR (FBR), or Experimental Breeder Reactor 
Number 2. A large plutonium core, sodium cooled, wrapped in U-238 
blanket. Is unmoderated since plutonium captures fast neutrons. 


Arco, Idaho 
Argone National 
Laboratories, Ill. 


North American 
Aviation, Santo 
Susana, Calif. 


Oak Ridge, Tenn. 
HRE-2 
TBR (HRT) 


Un tonCavhide 


PWR-Westinghouse 
Shippingport, Pa. 
Duquesne Light Co. 
APPR-Ft. Belvoir, Va. 


Argonne National 
Laboratories, II! 


into 

MILLIONS COST IN READY 
OF WATTS MILLIONS IN 
2 $.0.5 
5 $17 "56 
(7.5?) $10 "56 
1 $ 3 "56 
16 $ 44 "59 
60 $85 "57 
1.7 $ 2.2 "58 
15 $ 40 "58 
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A boiling water reactor (BER)- 


Compare capacities of 
the above reactors with 


the following facts : Total USA hydroelectric production in 1955. 


Swimming pool reactors 


Boiling Water Reactors 


INDUSTRIAL REACTORS - approved by the AEC by Nov. 1955 


CONSOLIDATED EDISON CO. Indian Point, Westchester county, N. Y. By Babcock and Wilcox Co. A 
pressurized water reactor (PWR). The fuel is highly enriched U, with Th-232 in the core. Breeds U-233. 
Coolant and moderator is H2O at 1500 psi and 480 - 5100F. Entire steam generator is shielded. 


NUCLEAR POWER GROUP, COMMONWEALTH EDISON CO. Near Chicago. By the General Electric Co. 


ATOMIC POWER DEVELOPMENT ASSOCIATES, INC.; The Detroit Edison Co. In Michigan. A 
developmental fast neutron breeder reactor (EBR). U-235 enriched rods or plates, sodium coolant at 
550 -800°F., breeder blanket of depleted «'-rods. Converts U-238 to fissile plutonium faster than 
U-235 is consumed. Fuel needs frequent reprocessing. Reactor alone costs $29 million. 


: Hoover Dam has our largest hydroelectric plant 
: Of our 20 largest, 13 hydroelectric units are each about .... 


INDUSTRIAL REACTORS -— proposals still under 
study by the AEC in Nov. 1955 


Consumers Public Power District, Nebroska — o sodium graphite reactor. First proposal rejected. 
Yankee Atomic Electric Co., Boston, Mass. — a pressurized water reactor. First 
Pennsylvania Advanced Reactor (PAR) in eastern Pa. — a homogeneous reoctor. 


UNIVERSITY RESEARCH REACTORS (most ready by 1956; 
about 30 universities are considering projects.) 


- American Machinery and Foundry, Batelle, Brookhaven (?), Livermore, Los Alamos, 
Univ. of Michigan, MIT (?), Naval Research Laboratory, Pennsylvania State College, Watertown Arsenal. 


- Armour Research Foundation, Chicago; Gamma Corp., Mansfield, Mass.; North Carolina State College. 


Materials Testing Reactors — Engineering Test (ETR)*at NRTS, Arco Idcho; Westinghouse 


For Engineering details see NUCLEONICS 10, No. 3, 10 (1952); 11, No. 6, 65 (1953); 13, No. 5, 11 (1955); 13, No. 9, 40 (1955). 


236 $55 59 

180 $ 45+ "60 

100 $ 45+ *58 

1000 $176 "36 
130 
25,000 


proposal rejected. 


Since 1950, chemists have stepped up their efforts to find a way 
to recover uranium economically and efficiently from low-grade 
ores. Working from the successful use of ion-exchange resins in 
the isolation and recovery of rare earths and fission products, 
many laboratories cooperated to apply the same techniques to 
uranium. Cation exchange seemed obvious, since at the time 
hexavalent uranium was thought to exist in solution solely as the 
uranyl cation. But attempts to adsorb uranium with cation 
exchangers, while possible, did not prove worthwhile, since ferric 
iron, aluminum, and other heavy metals were also adsorbed along 
with the UO.+*. 

Then it was found that the same UO,++ ion forms, stepwise, 
anionic complexes with sulfate ions. In the formation equilib- 
um 


UO.*+* + = 


where n = 1, 2, or 3), the most probable species present in 
Solution is UO.(SO,)s~*. A second and even stronger complex 
exists in carbonate solutions: 


U0.*+* + 3CO;-- = UOACOs)3~4 


Kince the two major leach systems used in treating uranium- 
earing ores contain these strongly anionic complexes, anion ex- 
hange seemed to be indicated. 

The uranium recovery and concentration system which was 
leveloped begins with the clarified leach liquor, either a car- 
bonite or sulfuric acid system. Starting with the exchange resin 
n the chloride or nitrate form, the leach liquor is passed through 
h series of Amberlite IRA-400 beds. Chloride or nitrate ions on 


ANION-EXCHANGE RESINS CONCENTRATE URANIUM 


the resin are replaced by sulfate and bisulfate ions and uranium 
sulfate complexes from the leach liquor. Since Amberlite 
IRA-400 is selective for the uranium sulfate complex (in pref- 
erence to sulfate, as well as bisulfate and ferric sulfate complex), 
the resin ultimately becomes loaded with the desired complex. 

Uranium is eluted from the resin by treatment of the loaded 
bed with chloride or nitrate ions in high concentrations. . No 
separate regeneration cycle is necessary since this elution returns 
the resin to its original form. 

Results from this new process are gratifying. Careful analyses 
indicate that at least 98 per cent of the uranium in the leach liquor 
can be recovered as a concentrate having a U;0,; content greater 
than 80 per cent. 

A second uranium recovery process, also involving Amberlite 
ion-exchange resin, currently interests many specialists in hydro- 
metallurgy. Referred to as the Resin-In-Pulp (RIP) process, 
this method eliminates costly and time-consuming filtering and 
clarification steps. 

The uranium ore is ground and leached with sulfuric acid to 
form a slurry or pulp containing from 30 to.50 per cent solids. 
The pulp flows through a series of eight or nine large tanks 
equipped with sets of wire baskets containing larger-than-normal 
resin beads. Like giant teabags, the baskets of resin in each tank 
are slowly raised and lowered in the flowing slurry and uranium is 
loaded on the beads. When tests indicate the presence of urani- 
um in the last few tanks of slurry, the flow is diverted to ad- 
ditional tanks of freshly eluted resin and the loaded resin is 
washed and eluted. 

—Reprinted from Amber-Hi-Lites 
of the Rohm & Haas Company 
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Twenty-one years have passed since the founding of 
the Catalysis Laboratory at the Illinois Institute of 
Technology. The scientific and educational contri- 
butions of the laboratory are a tribute to its founder 
and director, the eminent American chemist, Vasili 
Ilyich Komarewsky. 

Professor Komarewsky was born in Moscow, Febru- 
ary 17, 1895, and received his early education in Mos- 
cow’s Ninth Gymnasium and the University of Moscow 
which he entered in 1913. In 1916 he joined the Rus- 
sian Navy and served in its air branch until demobiliza- 
tion in 1918. He returned to his university studies 
where he worked under the late, famous pioneer of 
catalysis, N. D. Zelinsky. The subject of his Diploma 
work (Ph.D. thesis) and first publication was the 
development of the coprecipitated nickel-alumina 
catalyst for the dehydrogenation of cycloparaffins to 
aromatics. This catalyst was equal in activity and 
specificity to platinum catalysts used in the dehydro- 
genation reaction. 

This method of coprecipitation to “tame” the nickel 
has become a standard technique in catalytic work 
and the catalyst, since known as the Zelinsky-Koma- 
rewsky catalyst, was used extensively in Russia for 
the catalytic aromatization of gasolines and napthas. 
This work and other studies of supported metal 
catalysts with Zelinsky laid the foundation for the 
modern reforming catalysts responsible for today’s 
high-octane gasoline. 

As a research fellow at the Kaiser Wilhelm Institute 
in Berlin, Dr. Komarewsky did postdoctoral work 
under Professor Carl Neuberg and Kurt Hess before 
returning to Russia where he worked for the State 
Institute of Peat Industry and lectured at the Academy 
of Mines in Moscow. In 1930 Komarewsky was 
invited, together with a celebrated group of scientists— 
V. N. Ipatieff, A. V. Grosse, and H. Tropsch—to work 
for the American petroleum industry. This group of 
scientists was brought to the United States in 1931 by 
Gustav Egloff of Universal Oil Products and was 
responsible for developing most of the important 
modern petroleum processes in use today. Their work 
on the processes of polymerization, alkylation, and 
isomerization contributed to the high-octane aviation 
gasoline responsible for the air superiority of the Allies 
in World War II. In the course of this work Koma- 
rewsky was co-author, with Egloff and Hulla, of the 
book “Isomerization of Pure Hydrocarbons.” 

In 1932, he became a part-time lecturer at North- 
western University, which position he held until he 
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V. I. KOMAREWSKY AND CATALYSIS 


DAVID MILLER 


School of Nuclear Science and Engineering, Argonne 
National Laboratory, Lemont, Illinois 


entered academic work on a full-time basis as professor 
of chemical engineering in 1936 at the Armour Institute 
of Technology, which later became the Illinois Institute 
of Technology. Here he founded the first university 
laboratory in this country to be devoted exclusively 
to the teaching of catalytic phenomena. 

In 1938, Komarewksy and his pupil, C. H. Riesz, 
were the first to develop the platinum on alumina 
catalyst for reforming petroleum. This was later 
developed into the' well known ‘“Platforming”’ process 
now widely used in the petroleum industry. During 
the war Komarewsky and Riesz developed a one-stage 
process for the direct dehydrogenation of butane to 
butadiene for use in the synthetic rubber industry. 

Among his over 100 publications and 50 patents 
are a series on the discovery of vanadium oxide catalysts 
for the hydrogenation and hydrodesulfurization re 
actions. Other discoveries of the Catalysis Laboratory 
include an interesting synthesis of ketones from alco- 
hols, methods of low polymerization of diolefins, alkyla- 
tion and isomerization reactions, and the developmen 
of an improved hydrocarbon synthesis catalyst. 

In addition to his work of teaching and supervising 
research in the Catalysis Laboratory, Komarewsky i 
active in writing and lecturing on his specialty. Ha 
is co-author with Riesz of “Techniques of Catalyti 
Reactions,” and in 1948 with W. G. Frankenburg and 
E. K. Rideal was a founder and an editor of th¢ 
“Advances in Catalysis” series. This annual series 
which published its seventh volume last year, is inter 
national in scope and is devoted to surveys of variou 
catalytic problems. 

As a recognition of his contributions to sciencq 
Komarewsky has been president of the Illinois Institute 
of Technology chapter of Sigma Xi and has been ! 
speaker at the Gordon Research Conferences an 
Frontiers of Chemistry Series. He has lectured t 
many university and industrial groups and in recel 
years was guest lecturer before Société de Chimi4 
Industrielle in France and the Danish Chemical Society: 

Professor Komarewsky is active as a consultant, botl 
in the United States and abroad, and thus manages 
keep his students abreast of industrial as well as theore 
tical developments. His love of sports equals his lov! 
of science and while skiing is his favorite recreatiol 
he also swims, fishes, ice skates, and plays an occasion 
set of tennis with his students. When work permi 
his summer vacations are spent in Europe whe 
his travel allows him to visit friends, to gather materi 
for his editing, and to ski on some of Europe’s slopé 
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EXPERIMENT 


For some time we have been convinced that labora- 
tory courses could be made more interesting, and with 
the prompting of R. K. Summerbell’s paper! we are 
suggesting an educational experiment which we feel 
does exactly this. 

The normal laboratory of the “Seconde Candidature 
en Sciences Chimiques” consists of inorganic experi- 
ments which are a complementary part of the first-year 
course (preparative and descriptive chemistry) and good 
preparation for the third-year course (analytical chemis- 
try). Thus these students would be in a good position 
to benefit from a “simulated research project” which 
would enliven their course. 

The results of our experiment agreed with the con- 
clusions reported from Northwestern University.? 
This serves to demonstrate that this type of course is 
well fitted to any university. It serves, the essential 
pedagogic purpose of initiating students in both the 
spirit and method of scientific research. 

The following is a typical ‘‘research problem” which 
was given to each of our students: 


You are about to receive a sample of a pure mineral salt, 
either in solid or liquid form. Either the positive or the negative 
ion of this salt will be completely unfamiliar to you, and you are 
to establish the analytical character of this unknown ion so that 
you can identify it in solution with others. In addition, you are 
to use your general knowledge of chemistry, your initiative, and 
any means at your disposal here to find as many other physico- 
chemical properties of this ion as possible. The primary object 
is not to identify the ion but to act as a research chemist in 
attempting to study the properties of a new substance and to 
announce its identification to the scientific world. Write your 
report in this spirit. Do not forget that this unknown ion may 
be highly toxic or radioactive and consequently take the due 
precautions. Good work! 


The salts used were the following ones: 
(a) Source of cations: LisSO,, CdCl, Ce(SO,)s, 
Ce(NOs)s, Ce2(COs)s, UO2(NOs)2, Th(NOs)4, La(NOs)s. 


1 SUMMERBELL, R. K., J. Cue. Epuc., 31, 365 (1954). 

? SUMMERBELL, ET AL., J. CHEM. Epuc., 32, 475 (1955). 

* It is to continue “playing the game’’ that the student’s name 
appears in the top of the excerpts given in the next section. 


SIMULATED RESEARCH: A BELGIAN 


ROBERT DELHEZ 
Université de Liége, Liége, Belgium 


(b) Source of anions: KBrO;, NalO,, K:TeOs;, 
NaSeO., K[Sb(OH)¢], NazHAsO,y, NazMoQy, NazWO,, 
(NH4)4W5 017. 

The student was told whether the ion he was to 
identify was to be positive or negative, but no indica- 
tion was given as to the possible nature of the ion. 


STUDENT RESPONSE 


The students were very enthusiastic about the 
whole project and several reports surpassed our most 
optimistic expectations. Many went to other depart- 
ments for equipment and some even used a Geiger 
counter belonging to a UNESCO exhibition. Here 
are some valuable excerpts from several reports which 
we feel are representative of the project as a whole. 


Lat? identified by Miss M. Descamps. . . . With NaOH, the 
solution gives a white, jelly-like precipitate, very little soluble in 
an excess. Some days after, the precipitate loses its jelly-like 
appearance and its solubility in acids decreases. . . . 

W:;01;~* identified by R. Carpentier. . . . If some drops of the 
solution are allowed to evaporate on a glass plate, it forms trans- 
parent and colorless small crystals, the most ordinary habits of 
which are the following (here is a figure) . . . the habit no. I is 
prevailing. The crystals are often striated parallel to the 
shortest diagonal of the parallelogram. . . . 

Th** identified by Cl. Moussebois. . . . (The determination of a 
multiple of the atomic weight was accomplished by comparing 
the weight of an oxalate sample, previously obtained by double 
decomposition, with the weight of the oxide obtained by its cal- 
cination. ) 

Cd*? identified by Miss M. C. Philippot. . . . We are here in 
presence of a non-chromogenic ion, more electropositive than 
hydrogen, but less than iron, neither oxidizing nor reducing, not 
radioactive, and belonging to the Cu analytical group... . 
This salt is largely stable toward light and heat. It is very 
soluble in water and other ionizing solvents, and insoluble in the 
nonionizing ones. 
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NEW GENERAL CHEMISTRY TEST PREPARED BY EXAMINATIONS COMMITTEE 


Form M, a new test in general chemistry, is being offered for use by the examinations committee 
Its pattern follows that of previous tests. 
sections on information, application of principles, and equations and problems. 
quiries should be addressed to Dr. T. A. Ashford, St. Louis University, St. Louis 4, Missouri. 
also THIS JOURNAL, 33, 97 (1946) for announcement of the new test in organic chemistry.) 


of the Division of Chemical Education. 
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It consists of 
Orders and in- 
(See 
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Proressorn R. W. Ramerre of Carleton College, 
Northfield, Minnesota, suggested the discussion of the 
frequently? misplaced emphasis on the rate law of mass 
action, its fallacious use to prove the existence and form 
of equilibrium constants, and the occasional confusion 
of the two concepts. Our Professor W. K. Wilmarth 
kindly supplied the quoted examples of rate laws. 
Guldberg and Waage® in their study of chemical 
affinity formulated the law of the rate of chemical reac- 
tions as proportional to the “active mass” of the re- 
agents. This they called the law of mass action and 
very clearly defined ‘‘active mass” as amount per unit 
volume. From this they also deduced as a clearly 
separated proposition the ‘condition of equilibrium” 
which is the conventional form of the equilibrium con- 
stant. In testing these ideas experimentally the two 
Norwegians used rate and equilibrium data indis- 
criminately, whichever were available. 

Somehow in the course of history the name they gave 
to the rate law frequently became attached to the 
equilibrium condition and while the term ‘‘concentra- 
tion” became universally used, the word ‘‘mass” re- 
mained attached to these laws. 

Guldberg and Waage in addition to establishing the 
concept of dynamic equilibrium undoubtedly discovered 
two great ideas. For a reaction such as 


aA +0B+... =a’A’+)/B’ +... 
the quotient 
_ arr... 
Q= 


is a constant, K, at equilibrium except for activity cor- 
rections. (Incidentally, Guldberg and Waage were 
quite aware of complications due to secondary effects 
such as those of the solvent and of other solutes.) 

The rates given by 


1 Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to K. J. M. at the above address. Con- 
tributors of discussions in a form suitable for publication directly 
will be acknowledged as guest authors. 

2 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 

3 GuLpBEerG, C. M., anp P. Waaas, J. prakt. Chem., (2) 19, 
69 (1879). This is an expanded review of their “Etudes sur les 
Affinites Chimiques,”’ Christiania, 1867. 
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TEXTBOOK ERRORS’ 


VII: The Laws of Reaction Rates and 
of Equilibrium 


KAROL J. MYSELS 


University of Southern California, 
Los Angeles, California 


—d[A] _ 
di = ... 
and 


apply similarly, but only to the elementary one-step 
reactions. This is readily visualized by the same col- 
lision mechanism that the authors described. However, 
it is fair to say that most chemical reactions are a more 
complicated series of one-step reactions. A considera- 
tion of the rate expressions for these steps occasionally 
may yield the above type of expression for Q. More 
frequently, it does not. A student first learning about 
reaction rates thinks in terms of over-all reactions. If 
the mass-action rate picture is the only one presented, 
he may be left with a very false impression of reality. 
The following examples will serve to emphasize the fact 
that the actually observed rates of many chemical reac- 
tions do not obey equations predicted by applying the 
mass action concept. The arguments in support of the 
assigned rate expressions can be found in the original 
literature. 
The decomposition of nitrous acid 


3HNO, = NO;- + 2NO + H+ + 


has been studied by Abel and co-workers.‘ According 
to the law of mass action the forward rate should be 
proportional to [HNO,]* and independent of the con- 
centration of products. In fact, however, it is propor- 
tional to its fourth power and inversely proportional to 
[NO]?. The reverse reaction on the other hand is un- 
affected by [NO] and is proportional to [HNO.] [NO;7] 
(H+). 

The reaction of arsenious acid with iodine in the pres- 
ence of iodide 


H;AsO; + I;- + = H;As0, + 2H* + 3I- 


which every student performs in quantitative analysis, 
has been studied by Roebuck.’ He found that the for- 
ward reaction is proportional to [H;AsOs] [I;—]/[H*] 
[I-]? and the reverse to [H;AsO,] [H+] [I~]. 

The oxidation of hypophosphorous acid in acid solu- 
tion by moderate or large concentration of halogens, 
CuCl, or HgCl. does not seem to depend on either the 


4 ABEL, E. anp H. Scumip, Z. physik. Chem., 134, 279 (1928); 
ABEL, Scumip, aNp S. Basan, Z. physik. Chem., 136, 135 (128). 
5 Rogsuck, J. R., J. Phys. Chem., 6, 365 (1902); 9, 727 (1905). 
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H;PO, + 2X2 + 2H,O = H;PO, + 4H* + 4X- 


concentration or the nature of the oxidant. The for- 
ward rate is proportional to [H,;PO.] [H*]. 


The air oxidation of ferrous ion 
4Fe++ + O, + 4H+ = 4Fet® + 2H.0 


might be expected to have a forward rate increasing 
rapidly with the hydrogen ion concentration. In fact 
however,’ the forward reaction is inhibited by increasing 
acidity. Similarly, the catalytic oxidation of CO to 
CO» by oxygen over platinum is inversely proportional 
to the partial pressure of CO in the range of 200-400°C 8 

When it comes to some chain reactions the rate ex- 
pressions may even lose the mass action form. For 
example, in the synthesis of hydrobromic acid in the gas 
phase 

H. + Br. 2HBr 
the rate of the forward reaction is given® by 
d(HBr) _ _ki(H:)(Br2)*/? 
dt (Brz) + ko HBr) 

Thus the rate law of Guldberg and Waage is not true 
for many of the systems to which it is applied. Its main 
textbook use is in the derivation or explanation of the 
equilibrium condition. Here we encounter the disturb- 
ing situation that a fallacious reasoning does give the 
correct result—a false rate law gives the correct 
equilibrium condition. The real reason for this paradox 
does not seem to be pointed out to the student. When 
he later learns that the rate law is false, he may be left 
with a frustrating feeling that he has been unfairly 
tricked at some point. Yet there appears to be a very 
enlightening and general basis for using this simple 
derivation of the equilibrium condition. 

An equilibrium state cannot depend on the path by 
which it is reached. This is a direct consequence of the 
law of conservation of energy and is frequently used in 
showing that a catalyst cannot affect a state of equilib- 
rium. Hence, opposing rates of reaction must be equal 
at equilibrium whatever the path supplied for the reac- 


Yost, D. M., H. RussE ‘‘Systematic Inorganic Chem- 
istry,’’ Prentice-Hall, Inc., New York, 1944, p. 197. 

7 Lams, A. B., anp L. W. Exper, J. Am. Chem. Soc., 53, 137 
(1931). 

§ Lanemuir, I., Trans. Faraday Soc., 17, 621 (1922). 

° BopENSTEIN, M., anv S. C. Linn, Z. physik. Chem., 57, 168 
(1907). 
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tion, whether a real one discovered by kinetic studies, 
or one which may be imaginary such as the Guldberg 
and Waage one. One limitation is that the mechanism 
be compatible with the principle of microscopic reversi- 
bility. The Guldberg and Waage derivation does, in- 
deed, satisfy this condition since it is applicable to ele- 
mentary steps and to a few reactions such as the syn- 
thesis of HI."° The other limitation is that the mecha- 
nism must begin and end with the particles actually 
involved in the reaction." 

Thus it seems that a presentation which a freshman 
can understand as well as the conventional one, but one 
which he will appreciate increasingly with the years, 
could be developed along the following lines. 

After a qualitative treatment of dynamic equilibrium 
and the conventional introduction of a catalyst’s lack 
of effect on an equilibrium system, one states frankly 
that true kinetics are generally too complicated for dis- 
cussion. It can be imagined, however, that the system is 
affected by a catalyst which makes the reactions proceed 
according to Guldberg and Waage’s rate law. This law 
in fact actually does apply in some simple systems and 
is explained by an easily visualized collision mechanism. 
Then the conventional derivation gives the equilibrium 
condition. Since this condition is not affected by the 
catalyst it must be true for any reaction mechanism, in- 
cluding the real one. 

An interesting fine point is that the kinetic picture 
must be compatible with the conventional equilibrium 
condition but need not yield it directly. It may give, 
for example, any power of Q. Thus in the simple reac- 
tion A = A’, if the mechanism involves a collision of 
two A to give two A’ and vice versa, the two rates are 
proportional to the squares of concentration and when 
equal give K.q = [A’]*/[A]*. Thus if the concentration 
dependence of one rate alone is given, the reverse one 
cannot with safety be computed by using the conven- 
tional equilibrium condition. In the above example 
such computation would give erroneously a reverse rate 
proportional to [A’]/[A]. Among the limited number 
of reactions whose rates are both known, there seems 
to be no example of this type of complication. 


1° BoDENSTEIN, Z. physik. Chem., 29, 295 (1899). 

'! For an example of how selection of unreal particles gives in- 
applicable equilibrium conditions see the discussion of CuCl ver- 
sus J. Epuc., 33, 86 (1956). 
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Another Chem-Gem 
James F. Corwin of Antioch College startles his ¢lass occasionally with the following equation: 
CaO + Ag — Ca(OH). + Hg 


The point he is driving home is the paradox often created by the use of common nomenclature to 


express chemical reactions. 


Translated, the above equation reads: 


Quick lime + Silver — Lime + Quicksilver 


Sounds like the typist’s sentence about the quick-jumping fox? 
[Eprror’s NoTE: Have you a Chem-Gem to share?] 
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Tue Editors of rats JouRNAL are indebted to Professor Robert 
L. Weber of the Department of Physics, Pennsylvania State 
University, for the following compilation. They regret its tardy 
appearance and its possible lack of completeness. They feel, 
nevertheless, that the appearance of such a list serves the pur- 
pose of focusing all readers’ attention on the increasing number 
of such opportunities and the wide scope of this important activ- 
ity. 

The information listed below was supplied by the institutions 
listed; some of it is tentative. Teachers interested should ap- 
ply to the university as soon as possible for full information on its 
program and on scholarship aid. Under Expenses, T means 
tuition, R room, B board, X other. Under Dormitory, M means 
facilities available for men, W for women, MC for married cou- 
ples, and FC for families with children. Under Credit is men- 
tioned whether academic (graduate) credit is optional or required 
in the Institute program. If graduate credit is offered, the kind 
of master’s degree to which it is applicable at that university is 
mentioned; the transfer of this credit to another university 
would, of course, have to meet the requirements of the university 
granting the degree. 

The American U riversity. (June-August). Apply: Dr. Leo 
Schubert, Chairman, Chemistry Department, The American 
University, Washington 16, D. C. Expenses: T $90. Dormi- 
tory: M,W, MC. Scholarships: $300 plus $75 for a dependent. 
Credit: optional, applicable to master’s degree in a science field. 
Sponsor: National Science Foundation. Fields: physics, chem- 
istry. Work in near-by research organizations. 

Carnegie Institute of Technology. (June 25-August 4). Apply: 
Dr. John M. Daniels, Director of Admissions, Carnegie Institute 
of Technology, Pittsburgh 13, Pennsylvania. Expense: T $50, 
R $60, B $125. Dormitory: M, W. Scholarships: $200-600. 
About 40 available. Qualifications: no restrictions other than 
that applicant must be a teacher of science, mathematics, 
physics, or chemistry. Credit: none. Sponsor: Westinghouse 
Educational Foundation. Fields: mathematics, physics, chem- 
istry. 

Cornell University. (July 2-August 10). Apply: Dr. Philip 
G. Johnson, Professor of Science Teaching, 3 Stone Hall, Cornell 
University, Ithaca, New York. Expenses: T $145, R $90, B 
$200, X $50. Dormitory: M, W, MC (FC not encouraged). 
Scholarships: $1000. Applications close when 30 have been 
selected, probably January or early February. Qualifications: 
residence east of Mississippi River, A.B. degree, 5-years experi- 
ence in teaching chemistry, mathematics, or physics in secondary 
schools, outstanding leadership, preparation for intensive work. 
Credit: required, applicable to M.Ed. or to M.S. in education. 
Sponsorship: Shell Companies Foundation, Inc. Fields: science 
teaching (seminar, required), mathematics, physics, chemistry. 
Field trips, visits to laboratories. 

The George Washington University. (February 1—-May 28, 
Teaching of Physical Sciences; Summer, 1956, Teaching of Bio- 
logical Sciences). Apply: Dean J. Harold Fox, School of Educa- 
tion, The George Washington University, Washington 6, D. C. 
Expenses: T $48. Scholarships: $48. Program planned for 
teachers in the District of Columbia area. Credit: 20 semester 
hours credit in physics and chemistry, applicable toward M.Ed. 
or M.S. in education. Visiting lecturers, tours of research lab- 
oratories, workshops, dinner meetings. 

Harvard University. (July 5-August 15). Apply: Prof. 
F. G. Watson, Lawrence Hall, Cambridge 38, Massachusetts. 
Expenses: T $155, R and B $200. Dormitory: M,W. Scholar- 
ships: $400. Basis: academic promise and need, geographical 
distribution desired. Some experience (2-3 years) preferred, 
but under age 60. Credit: required, applicable to M.Ed. or 
M.S. in education. Sponsor: Du Pont Corporation. Fields: 
physics and chemistry—Recent Developments in Physical 
Sciences; education—Teaching Science. Emphasis on lecture 
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demonstrations, field trips, and individual projects of interest to 
students. 

Jamestown College. (May 4-5). Inquire: Prof. Harry Ma- 
son, Physics Department, Jamestown College, Jamestown, 
North Dakota. A round-table discussion of problems in high- 
school science teaching, in conjunction with the meeting of the 
North Dakota Academy of Science. 

Massachusetts Institute of Technology. (June 25-August 3). 
Apply: Prof. A. R. Davis, Room 4252, M.I.T., Cambridge 39, 
Massachusetts. Program similar in scope and sponsorship to 
that at Carnegie Institute of Technology. 

(July 2-August 10). Apply: Dr. Ernest H. Huntress, Sum- 
mer Session Office, M.I.T., Cambridge 39, Massachusetts. 
Eighty partial-expense fellowships available to high-school 
teachers of chemistry, physics, and biology in the U. S. with a 
college degree. Sponsor: Westinghouse Educational Founda- 
tion. Fields: review of fundamental chemistry, physics, and 
biology. Survey of recent developments including meteorology, 
geology, and aeronautical engineering. Lectures, conferences, 
demonstrations, and tours of M.I.T. facilities. 

The Pennsylvania State University. (July 2-August 11). 
Apply: Prof. W. H. Powers, Director, Arts and Science Exten- 
sion, The Pennsylvania State University, University Park, 
Pennsylvania. Expenses: T $66. Dormitory: M, W, MC, 
FC. Scholarships: $300 (?). Credit: optional, applicable to 
M.Ed. or to M.S. in education. Fields: mathematics, physics, 
chemistry, biological sciences. Visiting lecturers, visits to re- 
search laboratories, exhibits, films. 

Rutgers University. (July 5-14). Apply: Dr. Charles Ste- 
vens, Director of Summer Session, Rutgers University, New 
Brunswick, New Jersey. Expenses: T $27, R $11, B $30, X 
$6. Dormitory: M, W, MC, FC. Qualifications: college de- 
gree, interest and some training in science. Credit: optional. 
A science institute with 6 study-discussion groups on different 
phases of science teaching in grades 7-12; 3 laboratory sections 
in physics and biological sciences; a science lecture series. 
Field trips, visits to research laboratories. 

Saint Louis University. (June-July). Apply: Dr. T. A. 
Ashford, Director, Institute for the Teaching of Chemistry, St. 
Louis University, St. Louis, Missouri. Fellowships: 16 at $350 
to teachers in high schools and junior colleges, need not be de- 
gree candidates. Sponsor: Du Pont Corporation. Field: 
chemistry. Special lectures, seminars on special topics, teaching 
problems, conferences, field trips to local industry. 

Stanford University. (June 25-August 21). Apply: Dr. 
Paul D. Hurd, School of Education, Stanford University, Palo 
Alto, California. (Program similar in scope and sponsorship to 
that of Cornell University, but for area west of Mississippi 
River.) Expenses: T $250, B and R $150. Scholarships: 
$1100. Qualifications: college degree; residence west of Mis- 
sissippi River; teaching of high-school mathematics, chemistry, 
or physics with 5-years experience. Credit: optional; applicable 
(up to 50 per cent of total) toward master’s degree in a science 
field, or M.Ed. or M.S. in education. Sponsor: Shell Companies 
Foundation, Inc. Fields: elementary mathematics from a high 
point of view; general physics and general chemistry for the 
graduate student. Education courses: Applications of Science 
and Mathematics in Industry and Research (30 faculty mem- 
bers), Curriculum and Instruction for Science Teaching, and 
Curriculum and Instruction for Mathematics Teaching. 

Syracuse University (" e 24-August 3). Apply: Dr. A. T. 
Collette, Chairman, Di, on of Science Teaching, Lyman Hall, 
Syracuse University, Syracuse 10, New York. Expenses: T $175, 
R $90, B$90. Dormitory: M,W. Scholarships: $175. Quali- 
fications: must have bachelor’s degree, be certified to teach 
science, and be teaching in one of the following states: Arizona, 
Oregon, California, Washington, Utah, Wyoming, Nevada, 
Kansas, Montana, Colorado, North Dakota, South Dakota, or 
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Nebraska. Credit: optional, applicable to master’s degree in 
a science field. Sponsor: General Electric Company. Fields: 
modern physics, electronics, organic chemistry, principles of chem- 
istry. Tours of General Electric plants and research laboratories. 

Union College and University. (June 25-August 3). Apply: 
Dr. Henry J. Swanker, Director GESF, Union College, Schenec- 
tady, New York. Expenses: none. Dormitory: M,W. Schol- 
arships: full expenses. Basis: academic and professional back- 
ground. Qualifications: must be teaching science, preferably 
with 2 or 3 years teaching experience; residence in New England, 
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cable to M.Ed. or to M.S. in education. Sponsor: General 
Electric Company. Fields: modern physics and chemistry, 
physics and chemistry in industry. Field trips, G. E. lecturers. 

University of Minnesota. (June 11-July 14). Apply: Dr. 
J. W. Buchta, Associate Dean, College of Science, Literature and 
the Arts, University of Minnesota, Minneapolis, Minnesota. 
Expenses: T $58, R and B $150, X $50. Dormitory: M, W, 
MC. Scholarships: $275. Qualifications: experience in teach- 
ing and potential contribution to teaching. Credit: optional, 
applicable to M.Ed. or M.S. in education. Sponsor: Maud 


New Jersey, Pennsylvania, Delaware, Maryland, Virginia, North 
Carolina, or the District of Columbia. 


Credit: optional, appli- physics, chemistry. 


W. and Louis Hill Family Foundation. 


Fields: mathematics, 


NATIONAL SCIENCE FOUNDATION GRANTS FOR SUMMER INSTITUTES: 


Institute 
Alabama College 


American University 
Arkansas, University of 
Indiana, University of 

Iowa State Teachers College 
Marshall College 


Oak Ridge Institute of Nuclear 
Studies 


Pennsylvania State University 


Rochester, University of 


Wesleyan University 


American Society for Engineering 
Education 

Botanical Society of America 

Indiana University 

University of Michigan 

Oak Ridge Institute of Nuclear 
Studies 

Oregon State College 

Wisconsin State College at Eau 
Claire 

Montana State College 

Utah, University of 

Williams College 


Wyoming, University of 


For High-school Teachers 
Director 

Paul C. Bailey, Department of Biology, Alabama Col- 
lege, Montevallo, Alabama 

Keith C. Johnson, Department of Chemistry, American 
University, Washington, D. C. 

L. F. Bailey, Department of Botany, University of 
Arkansas, Fayetteville, Arkansas 

Shelby D. Gerking, Department of Zoology, Indiana 
University, Bloomington, Indiana 

Henry Van Engen, Department of Mathematics, Iowa 
State Teachers College, Cedar Falls, Iowa 

Donald C. Martin, Department of Physics, Marshall 
College, Huntington, West Virginia 

Ralph T. Overman, Special Training Division, Oak 
Ridge Institute of Nuclear Studies, Inc., P. O. Box 
117, Oak Ridge, Tennessee 

William H. Powers, Arts and Science Extension, Penn- 
sylvania State University, University Park, Pennsyl- 
vania 

Howard R. Anderson, Dean of University School, Uni- 
versity of Rochester, Rochester, New York 

H. B. Goodrich, Department of Biology, Wesleyan Uni- 
versity, Middletown, Connecticut 


For College Teachers 


Donald H. Loughridge, Dean of Engineering, North- 
western University, Evanston, Illinois 

Harlan P. Banks, Department of Botany, Cornell Uni- 
versity, Ithaca, New York 

Robert B. Fischer, Department of Chemistry, Indiana 
University, Bloomington, Indiana 

T. H. Hildebrandt, Department of Mathematics, Uni- 
versity of Michigan, Ann Arbor, Michigan 

Ralph T. Overman 


W. H. Slabaugh, Department of Chemistry, Oregon 
State College, Corvallis, Oregon 

Wiliiam A. Calder, Bradley Observatory, Agnes Scott 
College, Decatur, Georgia 


For High-school and College Teachers 


L. O. Binder, Jr., Department of Chemistry, Montana 
State College, Bozeman, Montana 

Loren C. Petry, Department of Botany, University of 
Missouri, Columbia, Missouri 

Donald E. Richmond, Department of Mathematics, 
Williams College, Williamstown, Massachusetts 

Marsh W. White, Department of Physics, Pennsylvania 
State University, University Park, Pennsylvania 


Subject 
Science 


Physical sciences 
Natural sciences 
Biology 
Mathematics 
Physical sciences 


Physical sciences 
Science 


Physics 


Science 


Nuclear energy 
Botany 
Chemistry 
Mathematics 


Physical sciences 


Chemistry 


Astronomy 


Chemistry 
Biology 
Mathematics 


Physics 


Dates 
June 11—July 20 


July 2—August 11 
June 12-July 17 
June 25—August 3 
June 18—July 27 
June 4-July 13 
June 11-July 5 


July 2—August 11 


July 2—August 10 
July 2~August 17 


June 24—Augnst 17 
July 2—August 11 
June 18-July 13 
June 25—August 17 
July 9—August 3 
July 9-August 3 
June 18-July 13 


July 16—August 14 
July 9-August 10 
July 2—August 13 
July 16—-August 17 


' These grants provide financial assistance for approximately 50 teachers at each institute. Additional allowances for dependents 


are available. 


1 applications and requests for information should be addressed to the individual directors. 
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with I 
JOHN LEO ABERNETHY (7) 
California State Polytechnic College, San Luis } PS\C 
Obispo, California throug 
publie: 
and tk 
Memsersuir in the Pacific Southwest Association Secretary: Ralph A. Barmore THIS J 
of Chemistry Teachers (PSACT) is spread from Hum- Pasadena City College (8) 
boldt State College in Arcata, a small town in the in teac 
majestic redwood empire of northern California, to ; Placer College (9) 
San Diego State College in the bustling city of San Placerville, California the tea 
Diego near the Mexican border. The diversity of on the 
membership includes teachers in public and private An additional state officer is the chairman of the § create 
colleges, universities, and junior colleges throughout public relations committee, appointed for an indefi- J wherev 
the state. Since the locations of these institutions nite period of time. One of the most important of J often 
cover a territory some 800 miles long, this association is his duties is membership on the editorial board of the ships. 
conveniently divided into two sections. The northern JOURNAL oF CHeEmicaL Epucation. He serves as (10) 
section extends its membership to the schools of northern editor for the PSACT in writing its regular reports for f chemis' 
California with a population center around San Fran- THIS JourNaL. With the retirement this year of Pro- The 
cisco. Officers for the northern section are: fessor G. Ross Robertson, the chairmanship of this § be glea 
f ; committee has been transferred to John Leo Abernethy § east-co: 
Chairman: —_— Reiber of the California State Polytechnic College. As the § Chemis 
Davis, California newly-appointed chairman of this committee, I feel § growth 
-Chairman-elect: Courtney Benedict the responsibility of bringing about a stronger union § the yea 
Chico State College between members. For years, chemists of the state J new sch 
Chico, California of California have had international attention focused § short ti: 
on their productivity. This cannot help but be ac- and hig 
Chico, California celerated and extended to small and large colleges § ization | 
Treasurer: Peter Coad alike as enrollments in our schools progressively in- 


College of San Mateo 
San Mateo, California 


The southern section has a population center about 
Los Angeles with members throughout southern Cali- 


fornia. Current southern section officers are: 

Chairman: Norman Kharasch 

University of Southern California 

Los Angeles, California 
Secretary: Phillip L. Bruce 

Long Beach City College 

Long Beach, California 
Treasurer: Dorothy Craig 


Marlborough School for Girls 
Los Angeles, California 


Responsibility for unity of these two sections is 
rested in the state officers. These are: 


President: Norris W. Rakestraw 

Scripps Institution of Oceanography 
La Jolla, California 

Manfred Mueller 

City College of San Francisco 

San Francisco, California 


Vice President: 


crease. We must look forward to acute problems of 
population as well as those of food and energy supply. 
As educators, we may not always be able to provide 
the appropriate answers to certain problems, but we 
might point out distinctions between important and 
unimportant questions. By a concerted effort, the 
important questions can lead through appropriate 
channels to significant answers. Population problems 
in relation to our schools are already glaringly obvious 
and must be solved effectively. 

Tangible objectives in reporting to THIS JOURNAL 
for the PSACT need to be set down. I would like to 
outline these important ones: 

(1) To present material that primarily has local 
interest to the: PSACT but always has significance for 
all chemists in the nation. 

(2) To increase our membership. 

(3) To increase attendance at sectional and joint 
meetings by publicizing meetings in THIS JOURNAL 
before they are held. 

(4) To make members feel that they belong to an 
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organization that is facing problems that have a real 
bearing on their teaching. 

(5) To cause chemistry to be a more important 
part of the culture of all of our colleges and universities. 
Where chemistry is only a utility course it should be 
nurtured to the point where its strength is indicative 
of the power of the school as a whole. 

(6) To encourage enlightenment, in terms of things 
chemical, of the local communities where institutions 
with PSACT members are located. 

(7) To increase utilization of space allotted to the 
PSACT in the JourNAL or CHeEemicaL EpucaTIon 
through significant news items, reports of meetings, 
publication of papers and speeches given at meetings, 
and the fostering of the writing of other articles for 
THIS JOURNAL. 

(8) To recognize achievements of our membership 
in teaching, research, and related activities. 

(9) To present and clarify problems which confront 
the teachers on the one hand and administrative officers 
on the other. This should be done in a way that will 
create mutual understanding and rectify difficulties 
wherever possible. Interesting learning situations 
often arise from these ventures in human relation- 
ships. 

(10) To arouse the interest of students in teaching 
chemistry as a life-time occupation. 

The importance of an organization like our own can 
be gleaned by observing the reports of our more mature 
east-coast analogue, the New England Association of 
Chemistry Teachers, which has shown continuous 
growth in membership, usefulness, and stature through 
the years. California is still pioneer country, where 
new schools and faculties are growing up in remarkably 
short time. With them have come pressures on college 
and high-school teachers alike. An established organ- 
ization of chemistry teachers can offer major assistance 


+ 
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in relieving these pressures and can also provide 
friendly contacts. 

The PSACT is already promoting several worth- 
while activities. For instance, there is an annual 
program of submitted papers. This gives teachers a 
chance to present their work and later publish it. 
Also for members there is a planned program of summer 
employment which will be educational in a practical 
way and will be helpful financially. This coming 
summer there will be a modest summer conference at 
Big Sur. Three days of chemical inspiration will take 
place in the relaxing atmosphere of the stately redwoods. 
Members and families will get acquainted through nu- 
merous activities. The PSACT aims to recognize ac- 
complishments of teachers at all levels. In the future 
there will be increasingly better liaison between high- 
school and college faculties and between the PSACT 
and the American Chemical Society. 

Recently members of top eschelons of chemical 
science have been included as speakers for various 
meetings. Among these have been Linus Pauling, 
Glenn Seaborg, Saul Winstein, Harrison Brown, 
K. J. Mysels, and Joel Hildebrand. Many others will 
be drawn upon from time to time in the future. It has 
taken hard work to bring about an organization with such 
promise of contribution to its members. The PSACT 
is particularly indebted to men like Norris Rakestraw 
of the Scripps Institution of Oceanography, Reed 
Brantley of Occidental College, Arthur Furst of Stan- 
ford University, Ray Newsom of Whittier College, 
G. Ross Robertson of the University of California at 
Los Angeles, Norman Kharasch of the University of 
Southern California, and many others who have 
contributed to the association in innumerable ways. 
We must conserve our gains and look forward to the 
future with great expectations for the progress of 
chemistry in our Pacific Southwest. 


WHILE industry in general is expanding at the rate of some 3 per cent per year, the expansion in 
the field of industrial chemicals over the past decade has been twice as rapid. Of equal impor- 
tance is the fact that the chemical industry accounts for at least 20 per cent of all industrial pro- 


duction in the United States at the present time. 


wedded to research. 


Among all industries it is the most firmly 


In view of these considerations, it is particularly noteworthy that more than half of the na- 
tion’s new chemical plants have located south of the Mason-Dixon line in the last few years. 
Nearly 15,000 professional chemists and chemical engineers are now employed in the southern 
chemical industry. The South has one-third of the nation’s chemical industry. 

The fundamental reason why petroleum, natural gas, brine, and the other natural resources of 
the South, which have been available since the earliest times, have suddenly become the basis for a 
great industrial empire, expanding employment, and a rising economy is due, in large measure, to 


the vision and skill of the scientist and the engineer. 


Until the vision of the scientist can see in 


them an answer to a human need, and the engineer supplies the technological skill which enables 
them to be used, they really do not exist at all as far as economic value is concerned. Man’s 
knowledge and understanding of scientific and engineering principles, coupled with vision, leader- 
ship, and the availability of investment capital, has resulted in the industrial development which is 


so rapidly changing the face of the South. 


—From an address by Franx J. Sopay, President, The Southern 


Association of Science and Industry 


Dvnine the past several years nonwoven fabrics have 
received considerable publicity both in the daily press 
and in trade publications. As a consequence, several 
questions have been repeatedly asked by readers: 
“What is a nonwoven fabric?” ‘““How does it differ from 
woven fabrics?” ‘““‘Where is it used?” One purpose of 
this paper is to answer these and related questions. 

In simple terms, a nonwoven fabric can be defined as 
a structure made from textile fibers without spinning 
the fibers into yarns and weaving the yarns. However, 
this definition means many things to many people, and 
in its broadest sense it encompasses felts, knit goods, 
glazed waddings, and webs bonded with an adhesive. 

Felts are considered to be the oldest man-made tex- 
tile, predating woven cloth. Thousands of years be- 
fore Christ, desert nomads stuffed sheep shearings into 
their boots to keep their feet warm, and the combined 
action of moisture from perspiration and pressure of the 
feet brought about a reaction which caused the fibers 
to interlock (1). To make felting possible, a fiber must 
possess a surface-scale structure which results in the 
interlocking of fibers, ease of deformation, and the 
ability to recover from deformation. Fibers which 
possess these properties are generally of animal origin, 
e. g., wool, hair, fur, etc. Depending upon the grade 
and staple length of the felting fiber, it is possible to 
make pressed felts which contain a medium or high per- 
centage of nonfelting fibers such as cotton, rayon, and 
other synthetics. During recent years it has been 
found possible to cause cotton fibers to interlock and 
felt by processing under specified conditions with given 
concentrations of caustic soda solution (2). 

In making knit fabrics, textile fibers are spun into 
yarns, and the yarns are knitted either by hand or by 
mechanical devices. In its simplest form, knitting con- 
sists of forming loops of yarn with the aid of thin pointed 
shafts and drawing other new loops through those pre- 
viously formed. This “interlocking” and the contin- 


1 Presented at the 17th Summer Conference of the New 
England Association of Chemistry Teachers at Tufts University, 
Medford, Massachusetts, August, 1955. 


NONWOVEN FABRICS’ 


RAYMOND J. SPAHR 
Chicopee Manufacturing Corporation, 
Milltown, New Jersey 


uous formation of more loops into each other produces 
the knitted fabric structure. 

One of the early patents pertaining to glazed cotton 
wadding appeared in 1860 (3). Waddings are made 
with either bleached or unbleached cotton by applying 
a surface coating of starch to each face of a carded web. 
Cotton waddings are limited in materials of construc- 
tion, and they are deficient in many properties such as 
tensile strength, tear resistance, softness, and the like, 
but even these handicaps have not prevented the de- 
velopment of substantial markets for these products. 

This paper is not concerned with felts or glazed 
waddings or knit goods, but rather with that type of 
nonwoven fabric which is defined by the Joint D-13 
Committee of American Society for Testing Materials 
and the American Association of Textile Chemists and 
Colorists in the following terms: ‘A nonwoven fabric 
is a structure consisting of a mass of fibers held to- 
gether by a bonding agent.”’ This type of fabric dif- 
fers from those previously mentioned in that it can be 
made with any type of textile fiber, with any type of 
bonding agent, in a wide range of weights, and it can be 
treated with a variety of chemical finishes. 

Nonwoven fabrics are generally compared with woven 
fabrics. The same types of textile fibers are used in the 
manufacture of both types of fabric, and the initial 
stages of manufacture are practically identical. In 
each case, fiber, synthetic or natural, is converted into 
what the trade calls a “picker lap” which is then con- 
verted into a so-called “carded web.”” From this point 
on the two processes differ. In the manufacture of 1100- 
wovens, a number of fiber webs are plied together, ad- 
hesively bonded, and then dried or calendered depend- 
ing upon the type of adhesive. For many applications, 
the nonwoven fabric is then ready for the trade. In 
the case of a woven fabric, the web is twisted to form 4 
yarn, and the spun yarn is then woven on looms. ‘The 
various steps employed in these two processes can be 
more readily understood by studying the data in Tabie!. 
This chart indicates the difference in the amount o 
processing equipment used in making these fabrics. 


VOLU 


Altho 
a yar 
readil 
man ] 
proce: 
in the 
safely 
atan 
The 
relatir 
quene 
ings 1 
gauze. 
bonde 
high ; 
flexur: 
using 
Ameri 
tary Ir 
posab! 
ing W 
velopr 
cally s 
Corps 
made, 
produ 
which 
rangin 
casket 
from t 
The 
constr 
bondir 
comme 
staple, 
Fibe 
tightly 
fibers | 
of the 
ment. 
duce t 
open t 
they ¢ 
difficul 
easily ¢ 
arrang: 
fibers 
Two 
about 
and (2 
weight 
ture is 
directic 
which + 
Consec 
strengt 
directic 
contrib 
velopec 
Man 


= 
RE 
EW 
OF 
HE vA 
ON 
3 if. 
ITE | 
ER 
| 
ie 
Ay 
vs 
in 
i 
> 
j 
j 
: 
— 
| 


oduces 


cotton 
made 
plying 
d web. 
istruc- 
uch as 
1e like, 
he de- 
glazed 
ype of 
5 D-13 
terials 
ts and 
fabric 
eld to- 
ric dif- 
can be 


ype of 
can be 


woven 
| in the 

initial 
al. In 


ations, 
le. In 
form a 

The 
can be 
‘able 1. 
uni of 
‘abrics. 


VOLUME 33, NO. 4, APRIL, 1956 


Although the difference in man power required to make 
a yard of cloth is not indicated on the chart, one can 
readily surmise that a nonwoven pvocess requires less 
man power per unit of cloth produced than the woven 
process. The chart also does not show the differences 
in the amount of cloth produced per hour, but it can 
safely be said that a nonwoven processing line operates 
at a much higher speed than a loom. 

The nonwoven fabrics, as dealt with in this paper, are 
relatively new. Their development was the conse- 
quence of the desire of a manufacturer of surgical dress- 
ings to produce a low-cost replacement for surgical 
gauze. From this work there resulted a segmentally 
bonded nonwoven fabric (4) which was characterized by 
high absorbency, excellent surface softness, and low 
flexural resistance. Late in 1930, consumer products 
using segmentally bonded nonwovens appeared on the 
American market in such applications as covers for sani- 
tary napkins, in dental towels, and in facings for dis- 
posable diapers. Progress was slowed somewhat dur- 
ing World War II, but one important war-time de- 
velopment, at a time when woven fabrics were in criti- 
cally short supply, was camouflage cloth for the Marine 
Corps. Since the war, considerable progress has been 
made, and today a number of substantial manufacturers 
produce several different types of nonwoven fabrics 
which find an ever increasing number of applications, 
ranging from disposable diapers to linings for burial 
caskets. As one wit puts it, nonwovens serve mankind 
from the cradle to the grave. 

The two principal raw materials used in nonwoven 
construction are textile fibers and synthetic or natural 
bonding agents. Some of the more important fibers in 
common use are cotton, viscose rayon staple, acetate 
staple, vinyon, nylon, and dacron. 

Fibers are received from the supplier in the form of 
tightly compressed bales or cartons. In this form the 
fibers are matted together, and, for proper processing 
of the stock, it is necessary to reduce fiber entangle- 
ment. One important function of a “picker’’ is to re- 
duce the amount of this fiber entanglement, 7. e., to 
open the stock. Fibers vary in the ease with which 
they can be opened. Bieached absorbent cotton is 
difficult to open, whereas viscose rayon staple is rather 
easily disentangled. A second function of a picker is to 
arrange the fibers in the form of a thick, uniform mass of 
fibers which can be fed continuously to a “card.” 

Two important functions of a card are: (1) to bring 
about a separation of fiber tufts into individual fibers, 
and (2) to convert the individual fibers into a light- 
weight uniform fibrous web. In this form, the struc- 
ture is truly a cobweb. Whereas the fibers run in all 
directions in a picker lap, carding produces a web in 
which the fibers are essentially parallel to one another. 
Consequently, fabrics made with card webs have high 
strength in one direction, the longitudinal or machine 
direction, whereas the strength in the cross direction is 
contributed almost solely by the adhesive bond de- 
veloped between the fibers and the bonding agent. 

Many commercial applications have been found for 
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TABLE 1 
Steps Employed in Production of Nonwoven and Woven 
Fabrics 
Nonwoven fabrics Woven fabrics 
Picking Picking 
Carding Carding 
Binding lst Drawing 
Drying 2nd Drawing 
Slitting Slubbing 
Inspection Intermediate roving 
Plying iain 
Spooling 
Warping Filling winding 
Weaving” 
Inspection 


fabrics using carded webs, and a high proportion of 
present production employs this type of structure. In 
many applications, particularly in industrial uses, fab- 
rics with two-way strength are required. Webs having 
strength in two directions are produced by the follow- 
ing methods: the cross-lay method, in which parallel 
webs are laid in the transverse direction, resulting in a 
fabric having a more balanced strength in both the 
longitudinal and the cross directions; and the random 
web method, in which webs are produced by an aero- 
dynamic process (5). The latter method consists in 
individualizing the fibers, throwing the individualized 
fibers into an air stream, and collecting the fibers on a 
moving or condensing screen. The resultant webs pro- 
duce fabrics which are essentially isotropic, 7. e., have 
equal strengths in all directions. 

The other major component of nonwoven fabrics is 
the bonding agent. Many of the physical properties 
of nonwoven fabrics, e. g., tensile strength, tear 
strength, wet abrasion resistance, etc., are to a major 
degree dependent upon the adhesive bond developed 
between the fibers and the bonding agent. More 
fundamental information will have to be developed 


TABLE 2 
Binders Employed in Manufacture of Nonwoven Fabrics 


Thermoplastic Thermosetting 
resins resins Miscellaneous 
_ Polystyrene Melamine-formaldehyde Cellulose 
Polyacrylate Urea-formaldehyde xanthate 
Polyvinylidene chloride Cellulose ace- 
Polyviny] chloride tate (fiber) 


Polyviny] acetate 
Polyvinyl butyrate 
Natural rubber latex 
Butadiene acrylonitrile 
Butadiene styrene 
Polyvinyl alcohol 


Vinyon (fiber) 
Starch 
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Figure 1, Equipment for Applying Resin Dispersions to Fibrous Webs 
before it is possible to predict fabric properties from 
a knowledge of the chemical composition of the fibers 
and the bonding agent. 

Some of the common binders employed in nonwoven- 
fabric manufacture are to be found in Table 2. Poly- 
mer disperisons of the thermoplastic and thermosetting 
types are used most. Solvent-soluble resins are seldom 
used, since their use necessitates a solvent-recovery 
system and presents a fire hazard. One large producer 
uses cellulose xanthate which on regeneration with sul- 
furic acid gives a strong fabric. Somewhat similar 
fabrics can be produced by parchmentizing a web of 
either cotton or rayon, or a blend of these fibers, with 
sulfuric acid. Another means for bonding a non- 
woven fabric is to employ a web containing a propor- 
tion of heat-reactive fibers (6). The heat-sensitive 
fiber in a composite web of heat-reactive and non-heat- 
reactive fibers can be made active by passing the web 
over hot cans to soften the thermoplastic fibers, or by 
passing the web between hot calender rolls. Any 
heat-reactive fiber can be used if its softening tem- 
perature is reasonably low. Plasticized cellulose ace- 
tate and vinyon are the fibers normally employed. 

The end-use requirements of a fabric dictate the type 
of adhesive to be employed in its construction. If one 
requirement is wet strength, binders such as polyviny] 
alcohol and starch must be avoided. If rapid absorp- 
tion of liquid is important, as for example, in a diaper 
facing, natural and certain synthetic rubbers should not 
be used. 

Thus far we have concerned ourselves with the basic 
raw materials and the equipment employed in making 
the fibrous webs used in nonwoven fabric production. 


‘ with one another. 
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We will now show how these materials are combined 
There are currently available three 
different types of nonwoven fabrics which are arbitrar- 
ily designated as follows: 

Typel. Thisclass of fabric is made by depositing the 
binder uniformly throughout the entire fabric structure. 

Type 2. These fabrics are made by a segmental ap- 
plication of the binder to the web. 

Type 3. Nonwovens of this kind are produced by hot 
calendering a web consisting of a blend of heat-reactive 
and non-heat-reactive fibers. The methods employed 
in activating the heat-reactive fibers in fabrics of Type 
3 have already been covered. In making fabrics of 
Type 1, the bonding agent can be applied to the web by 
one of several methods: 

(1) By spraying the binder onto the web and then 
passing the wet web through a set of squeeze rolls to 
provide a uniform distribution of the adhesive. 

(2) By impregnating the web by carrying it through 
a bath of resin dispersion. This requires that the web 
be supported, usually by a screen. 

(3) The most commonly used method is to apply 
the binder at the nip of a set of squeeze rolls. When 
vertical squeeze rolls are used, the binder dispersion is 
maintained in a supply pan, and the bottom roll ro- 
tates in the dispersion and feeds it to the web. The 
amount of adhesive applied to the web is regulated by 
the solids content of the dispersion and the amount of 
pressure applied at the nip. When horizontal squeeze 
rolls are used, it is common practice to provide a pond 
of dispersion between the squeez¢ rolls. The web is fed 
directly through the dispersion pond to the squeeze 
rolls. The method of controlling pick-up is similar to 
that used for the vertical nip. 

In the manufacture of fabrics of Type 2, the binder is 
applied segmentally to the web. This can be accom- 
plished in several ways, but the most commonly em- 
ployed methods are the gravure and the positive print- 
ing methods. In either case, the binder is applied to 
the web in predetermined designs which can vary from 
a straight line to a doughnut design. In Type 2 
fabrics, the physical properties can be varied within 
wide limits by the proper selection of binder pattern. 

Types of equipment employed in applying resin dis- 
persions to fibrous webs are shown in Figure 1. 

The moisture present in the dispersions employed in 
making Types 1 and 2 is removed from the treated web 
by means of a series of dry cans or hot air drying over 4 


Figure 2. Production Unit for Manufacturing Nonwoven Fabrics 


(1) Card, (2) web, (3) impregnator, 


(4) dryer, and (5) batcher. 
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bank of infrared lights. Combinations of these 
various drying methods is sometimes used. When a 
thermosetting resin is used and curing is required, it is 
necessary to use temperatures of 300-350°F., and in 
this case it is somewhat common practice to use a hot- 
air oven. After drying, the fabric is wound in mill 
rolls, inspected, and slit to desired widths, if required. 
A typical production unit for making nonwoven fabrics 
of Types 1 and 2 is illustrated in Figure 2. Fabrics of 
Type 3 require no drying. 

The type of fiber, the fiber-lay, the binder, and the 
manner in which the binder is distributed in the fabric 
all influence the physical properties of a nonwoven 
fabric. Fabrics of each type possess some desirable 
properties and undesirable shortcomings. The large- 
scale volume uses found for nonwoven fabrics are due 
to one or several of the properties listed in Table 3. 

Much of today’s nonwoven fabric production is sold 
in “unfinished” form, but during recent years new mar- 
kets have been created by finishing. The earliest types 
of finishing used on nonwovens were printing and dye- 
ing, but today it is possible to obtain these fabrics with 
almost any type of chemical finish. Drapery fabrics 
are available which have been treated with a fire- 
retardent finish and then printed in attractive patterns. 
Dusting cloths are treated with special oils. They de- 
posit a very fine film of oil which tends to repel dust 
particles. Sanitary facings for disposable diapers and 
incontinent pads are treated with bactericides and deo- 
dorants to minimize diaper rash and odor development. 
Glass polishing cloths are treated with silicone resins 
which readily remove dust, lint, and grime from spec- 
tacles, glasses, goblets, and like objects, leaving a film 
of resin which repels these contaminants. Dyed fab- 
rics are available for a variety of applications, ranging 
from oil-field tape to table cloths. Printed fabrics are 
used in household items such as napkins and towels, as 
well as in certain items of clothing. Finishes which 
protect silverware from tarnishing are now being applied 
to nonwoven fabrics. 


TABLE 3 
Properties Obtainable in Nonwoven Fabrics 


High absorptive capacity Wet strength 
Drape Resistance to distortion on dry 
Porosity cleaning and laundering 
Close formation in lightweight Ease of sewing 
fabrics Loft with lightweight 
Absence of raveling Solvent resistance 
Smooth surface Rapid absorbency 
Softness, surface, and flexural Heat-sealing 
Abrasion resistance Cling 


Diverse applications have been found for nonwoven 
fabrics and a partial list of these are found in Table 4. 

In conclusion, I would like to make a few comments 
about the future of this small, but growing, industry. 
Every now and then someone asks me whether we will 
be able to make a fabric which can replace the wool 
fabric in a man’s overcoat. Others ask whether we 
will be able to replace cotton shirtings. Actually I do 
not foresee either of these developments taking place 
in the immediate near future. It would be imprudent 
even to hazard a guess as to where our industry will be 
in 5 years or 10 years or an even longer span of time. 
Many of the important producers have well-staffed, 
well-equipped laboratories, which are aggressively fur- 
thering the horizon of nonwoven fabrics. It is safe to 
predict that our future progress will be measured in 
terms of the following: 


(1) the development of new and improved fabrics, 

(2) the development of new and improved proc- 
esses and processing equipment, and 

(3) the contributions of the chemical industry in 
terms of improving bonding agents, fibers, and finishes. 
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TABLE 4 
Uses of Nonwoven Fabrics 


Industrial 


Surgical and sanitary Apparel 


Pattern-marking cloth 
Burial-casket lining 
Filter cloths 

Cheese press cloth 
Desiccant bags 
Laminated plastics 
Coated fabrics 
Oil-field tape 
cloths 
Restaurant cloths 
Lithographic wipes 


Shoe cloths 
Table cloths 
Dust cloths 
Eye-glass wipes 
Auto wipes 
Wet wiping cloths 
Draperies 
Troning-board covers 
Ribbons 
Anti-tarnish cloth 
Hot-dish mits 
Handkerchiefs 


Waist bands 
Shoulder pads 
Bouffant skirts 
Bow ties 
Lapel linings 
Shoe linings 
Dress shields 
Swim suits 
Quilting 


Eye pads 
Incontinent pads 
Obstetrical pads 
Hospital caps 
Dental bibs 
Disposable diapers 
Hospital wipes 
Diaper liners 
Hospital wash cloths 
Breast pads 


Burn dressin 


Sanitary napkins 
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To the Editor: 

The following statement is a suggested modification 
of the usual presentation accorded Avogadro’s law: 
“Equal volumes of all perfect gases for which the ratio 
P/T is the same will contain the same number of mole- 
cules.” 

This has the value of being a broader generalization. 
The usual statement, “Equal volumes of perfect gases 
under the same conditions of temperature and pres- 
sure contain the same number of molecules,’”’ may be 
regarded as a special case of the statement proposed 
above. 

The argument favoring the broader statement can be 
stated as follows: Let us take V cc. of two perfect gases 
(A and B) at a pressure P and absolute temperature T 
and suppose X is the number of molecules in each case. 
Now let us consider that the volume of gas A is in- 
creased to V’ by increasing the absolute temperature 
to T’ (the pressure being the same). That of gas B is 
also increased to V’ by decreasing the pressure to P’ 
(the temperature remaining the same). Since the mass 
in either of the cases remains constant, the number of 
molecules, 7. e., X, must remain the same. Hence we 
have equal volumes of two different gases at different 
temperatures and pressures (one at 7” and P, the other 
at 7 and P’) still having the same number of molecules. 


SaTIsH CHANDRA SAXENA 
RAJASTHAN COLLEGE OF VETERINARY SCIENCE 
AND ANIMAL HusBANDRY 
BIKANER, RAJASTHAN, NORTHERN INDIA 


To the Editor: 

I do not think that Luder’s criticism! of I. Prigogine’s 
new book? “Thermodynamics of Irreversible Processes” 
represents the opinion of most physica! chemists. It is 
not very often that a leading authority in a branch of 
science takes time off from his research to write an ele- 
mentary text, but this Prigogine has done and to my 
mind with great success. The topic is presented in an 
elegant manner, as simply as is possible without 
enfeebling the subject matter. This implies a degree of 
difficulty, and it is unlikely that the book can be read 
profitably by anyone without a sound knowledge of the 
principles of thermodynamics and some acquaintance 

1 Luper, W. F., J. Cuem. Epuc., 32, 600 (1955). 


2 PricoGIngE, I., “Introduction to Thermodynamics of Irreversi- 
ble Processes,’’ Charles C Thomas, Springfield, 1955. 
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with the laws of diffusion, conduction of heat, etc., in 


‘their mathematical form. Nevertheless, the book 


should enjoy wide usage by students attempting to 
learn the methods of irreversible thermodynamics since 
other works available are either too advanced*: ‘ or less 
general.® 

In his review Luder has raised some questions on (1) 
the nature of spontaneous processes and (2) the logical 
foundations of the thermodynamics of irreversible 
processes to which I would like to make the following 
replies: 

First, though the words “irreversible” and ‘“‘spontane- 
ous” have different meanings and connote two different 
aspects of a process, they are invariably associated with 
one another when applied with their usual thermo- 
dynamic definitions. To be sure, a spontaneous process 
can often be made (almost) reversible, but only by pre- 
cisely balancing the thermodynamic forces of the system 
and thereby eliminating its spontaneity. ll real 
processes are, by definition, spontaneous and to some 
degree irreversible. Indeed the equivalence of spon- 
taneity and irreversibility is the essential content of the 
second law of thermodynamics. 

Second, Luder has evidently neglected the significance 
of the subscript 7 in Prigogine’s equations when he 
states that, “He makes the postulate that the entropy 
change due to changes inside the system can never be 
negative in either part.”” What Prigogine actually 
states is that d)S 2 0 in both parts of the system, where 
dS represents an entropy change which is produced 
entirely by processes which take place within the sys- 
tem considered. In other words, it is entropy change 
remaining after the entropy of heat transfer with the 
surroundings dQ/T has been subtracted out. (The 
entropy of mass transfer must also be subtracted for an 
open system.) The second law of thermodynamics 
states that d,S 2 0 for an entire isolated system during 
an irreversible process. The fundamental postulate of 
irreversible thermodynamics states that this is also 
true for each part of the system. This postulate is not 
only appealing on the basis of statistical mechanics but 
has been justified by many successful applications to 
irreversible processes. The device of breaking up 
entropy changes into two parts is a feature of many of 
the continental schools of thermodynamics. Students 
of thermodynamics in Belgium, Denmark, Holland, 
and England are introduced to this method very soon 
after the statement of the second law. It is, of course, 
only a formal scheme, but it is a useful one since it 
focuses the attention very directly on the irreversible 
phenomena which are responsible for the increase of 
entropy. 


JouHN A. SCHELLMAN 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


3 Ibid., “Etude Thermodynamique des Phénomines Irreversi- 
bles,’’ Desver, Liege, 1947. 

4 DeGroot, 8. R., “Thermodynamics of Irreversible Proces- 
ses,’’ Interscience Publishers, Inc., New York, 1951. 

5 Densieo, K. G., “The Thermodynamics of the Steady 
State,’ Methuen, London, 1951. 
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To the Editor: 

The recent review by W. F. Luder (tH1s JouRNAL, 
32, 600 (1955)) of I. Prigogine’s book “Introduction to 
Thermodynamics of Irreversible Processes’’ consti- 
tutes an unjustified criticism resulting from the con- 
fusion on the part of the reviewer between total entropy 
change and entropy production. In each one of the 
parts I and II of an isolated system, I + II, the entropy 
production can never be negative, but the total entropy 
change in one of the parts may be negative provided the 
total entropy change for the isolated system is not 
negative. 

Prigogine has clearly indicated the difference between 
entropy production and entropy change by using the 
subscript 7 for the former (d;S) and no subscript for the 
latter (dS). The difference dS — d,S is designated by 
dS and represents the flow of entropy. 

For part I: 


dS! = dS! + dS! 


For part IT: 
dS" = d,S™ + d,S" 
For the isolated system I + IT: 
dS = dS! + dS" = d,S' + + + > 0 
The system being isolated: . 
+ = 0 
We have therefore: 
dS = 4S'+d4S"%>0 


with both d;S' = 0 and djS™ = 0. 

However, d.S' or d.S" may be sufficiently negative to 
make, respectively, dS' or dS" negative, the sum of these 
last two quantities being always positive or at least 
equal to zero. 

The whole literature of the thermodynamics of 
irreversible processes has also made abundantly clear 
the exact meanings of the adjectives reversible, irrevers- 
ible, and spontaneous, and Luder’s discussion of the 
reaction of zine with copper sulfate solution can in no 
way be regarded as a basis for a change in the title of 
the book. 

PIERRE VAN RYSSELBERGHE 


UNIVERSITY OF OREGON 
EvuGENE, OREGON 


To the Editor: 

The writers of the two preceding letters have opened 
up what might be an interesting discussion. Because the 
review to which they refer was written from a particular 
viewpoint which was probably stated too briefly in that 
form, I welcome this opportunity to add to the discus- 
sion, 

That viewpoint, which was presented in more detail 
in my earlier articles on “The semantics of thermo- 
dynamics” (THIS JOURNAL, 23, 54, 110 (1946)), is that 
experts in thermodynamics often’ cause unnecessary 
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confusion in the minds of serious students by not being 
more precise in their terminology. 

My principal comment on Professor Prigogine’s book 
was that it displayed this lack of precision, although it 
is supposed to be an introductory book. Therefore, 
Professor Van Rysselberghe’s concluding paragraph 
that “the whole literature” of the experts has made 
clear the terminology can hardly be a valid criticism of 
my review of this particular book. 

The lack of precision to which I refer is also well 
illustrated in Professor Schellman’s third paragraph, in 
which he actually uses the expression ‘spontaneous 
process,” thus confusing the terms “spontaneous 
change” and “irreversible process.” 

Perhaps a more concrete discussion of the example 
mentioned in the review may make my point clearer, 
and, at the same time, answer the references to entropy 
in the two letters. If I may postulate an imaginary 
student (a good student who has had a good introduc- 
tory course in thermodynamics) reading the ‘“Introduc- 
tion...” for the first time, how would he cope with it? 

If this student thinks of the reaction 


Zn + CuSO,a = 1) > ZnSO,a = 1) + Cu 


as taking place in a Daniell cell at 25°C. and 1 atm., he 
may regard the Daniell cell as system I, and look up 
the following values for the spontane< us change taking 
place in that system (omitting the subscript I to corre- 
spond with the usual symbols): 
AH = —51,400 cal. 
TAS = q = —330 cal. 
AF = AH — TAS = —51,070 cal. (—w,’) 

Then, trying to follow pages 16 and 17, he assumes that 
system II comprises the surroundings, which include a 
source of electrical potential and a heat reservoir so 
large that the heat liberated by the system can be 
absorbed without causing the temperature to rise 
appreciably. 

The spontaneous change in system I always has the 
same AF. If the maximum voltage of the cell is opposed 
by an equal voltage (except for the infinitesimal dif- 
ference necessary to permit the reaction to proceed very 
slowly) the spontaneous change in the cell is carried 
out by means of the reversible process. For this change 


e.u. 


and ASu = 


AS = 1h = “398 


e.u, 


and the maximum net work w,’ is obtained. 

On the other hand, when the same spontaneous 
change (with the same AF) is carried out by shorting 
the terminals of the cell, the net work w’ = 0; and gq = 
—51,400 cal. In this irreversible process for carrying 


- out the spontaneous change 


+51,400 


ASi = 


e.u. but e.u. 


These calculations remind the student (contrary to 
Professor Schellman’s third paragraph) that a given 
spontaneous change is always characterized by certain 
values of AF, AH, and AS for that change, but that this 
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same spontaneous change may be carried out by any 
number of different processes, one reversible and all the 
others irreversible. Each process (or method) by which 
this given spontaneous change is carried out is charac- 
terized by a different positive value of the total entropy 
change of the two systems. Between the two extremes 
of the above calculations the total entropy changes for 
different irreversible methods of carrying out the same 


+51,070 


spontaneous change range from 0 to 508 
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To the student, the entropy change of system I, AS, 
due to the chemical reaction going on inside the Daniell 
cell is clearly negative. Yet on page 17, the “Introduc- 
tion...” says that this entropy change inside System I 
cannot be negative. 

What is the student to think? Is it surprising if he 
wonders if the experts ought not to be more careful in 
their terminology? 

W. F. Luprr 


NORTHEASTERN UNIVERSITY 
Boston, MAssACHUSETTS 


e SOLUBILIZATION AND RELATED PHENOMENA 


M. E. L. McBain and Eric Hutchinson, Department of Chemistry, 
Stanford University. Academic Press, Inc., New York, 1955. xv 
+ 259 pp. Figs. and tables. 15.5 X 23.5cm. $7. 


James W. McBain had planned to write a book on the subject 
of solubilization. After his untimely death, the authors decided 
that it would not do justice to his memory to leave the mono- 
graph unfinished. This book deals with solubilization, wherein 
particles of a colloidal solution “take up and incorporate within or 
upon themselves the otherwise insoluble material.” 

Chapter 1 is a historical background which briefly reviews 
reported observations of the phenomenon of solubilization. In 
Chapter 2, model experiments are described as an aid to the 
understanding of solubilization. Chapter 3 reviews the thermo- 
dynamics of two-component systems and then briefly describes 
experimental methods by which the properties of colloidal elec- 
trolytes may be studied. 

Chapter 4, called Data and Facts of Solubilization, is 102 
pages long, more than two-fifths the size of the entire manu- 
script. In addition to presenting and critically evaluating a con- 
siderable quantity of published data, the authors deduce general- 
izations which add considerably to the value of the publication. 
They conclude that solubilization ‘bears very close resemblance 
to the uptake of materials by bulk phases, exhibiting supersatura- 
tion, variable rates of attainment of equilibrium, etc., just as in 
bulk phases, and that the treatment of micelles as pseudo-phases 
is both formally and physically justifiable.” 

Chapter 5, on the Mechanism of Solubilization, is an excellent 
analysis of available information concerning the size and shape 
of micelles. Chapter 6 discusses ‘“co-solvency, blending, and 
hydrotropy” and compares these phenomena with solubiliza- 
tion. Chapter 7 is concerned with the “physiological aspects of 
solubilization,’’ and Chapter 8 contains a very brief discussion of 
“some practical applications of solubilization.”” The manu- 
script concludes with an appendix on “the theory of light scatter- 
ing,” and another on “the behavior of polysoaps.” Some 335 
references are given; a few are as recent as 1954. 

This book is not a complete compendium of published solu- 
bilization data, but rather a critical evaluation of such data. 
As such, it is an important contribution to the literature on sur- 
face chemistry. It is valuable not only because of the carefully 
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chosen generalizations, but also because of the authors’ evalua- 
tions of conclusions drawn by others writing in this field. 

The chapter on practical applications is quite unsatisfactory 
and not in keeping with the high standards of critical evaluation 
used throughout the book. Discussions on detergency and dye- 
ing indicate that the authors have given very little thought to 
these subjects. On page 81, Triton X-100 and Carbowax are 
incorrectly given as polyethylene oxide-fatty acid compounds. 
The distribution coefficient given on page 140 as 43.9 should 
read 4.39. However, errors are relatively few. 

This reviewer is of the opinion that any student of surface 
chemistry or anyone working in the field will profit from a careful 
reading of this book. 


LLOYD OSIPOW 
Foster D. Snetu, Inc. 
New York, N. Y. 


€ COMPREHENSIVE INORGANIC CHEMISTRY. 
VOLUME 4: ZINC, CADMIUM AND MERCURY. 
SCANDIUM, YTTRIUM AND THE LANTHANIDE 
SERIES. 


Edited by M. Cannon Sneed and Robert C. Brasted, University 
of Minnesota. D. Van Nostrand Co., Inc., New York, 1955. 
xii+193 pp. Figs. andtables. 16 X 23.5cm. $5. 


Foitiowine the same pattern as its predecessors, this latest 
volume presents the descriptive chemistry of groups II-B and 
III-B. The title remains somewhat deceptive in that the modi- 
fier “comprehensive’’ refers not to the treatment of the subject 
but to the subject itself, 7. e., all of the elements of the periodic 
table will be covered eventually in this work of 11 volumes. 
Following an introduction which includes a historical background 
and a survey of the occurrences in nature, the chemical and physi- 
cal properties of the element, as well as its more important com- 
pounds, are considered. 

Both parts (Group II-B by H. M. Cyr and the editors and 
Group III-B by T. D. O’Brien and the editors) contain divert- 
ing digressions into applied chemistry. The role of zinc in cor- 
rosion control, the extractive metallurgy of the metals, and the 
pharmaceutical uses of the rare earths are but a few examples. 

The vo‘umes seek their principal audience in the undergraduate 
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chemists who desire to survey the broad expanses of inorganic 
chemistry. The treatment in this volume is unsophisticated. 
Little attention is directed to the relationships of chemical and 
physical properties to the electronic and size properties of the 
elements. Nonetheless, within the confines of the size of the 
book there is a coverage of material, not found elsewhere in such 
a readable presentation, that will stimulate the knowledge- 
hungry student. 


EDWARD D. GOLDBERG 
Scripps INSTITUTION OF OCEANOGRAPHY 
La JOLLA, CALIFORNIA 


e HIGH POLYMERS. VOLUME IX: EMULSION 
POLYMERIZATION 


F. A. Bovey, Minnesota Mining and Mfg. Co., J. M. Kolthoff, 
University of Minnesota, A. I. Medalia, Boston University, and 
E. J. Meehan, University of Minnesota. Interscience Publishers, 
Inc., New York, 1955. xii + 445 pp. Figs. and tables. 16 X 
23.5cm. $12.50. 


EmuLsion polymerization is a technique developed during the 
last war for the production of synthetic rubber. This technique 
was the largest single factor responsible for the success of the 
Government Rubber Reserve Company, as it was called, in pro- 
ducing a very good butadiene-styrene rubber. Emulsion poly- 
merization is currently used on an enormous scale in the plastics 
industry. The method consists of emulsifying with the aid of 
a soap, vinyl, or diene monomers in water and adding free radi- 
cal-producing catalysts to the mixture to initiate polymerization. 
Unlike most other methods of polymerization, the reaction pro- 
ceeds rapidly and gives a very high molecular weight polymer. 

Drs. Bovey, Kolthoff, Medalia, and Meehan have attempted 
to present a complete picture of all the published results and the 
current ideas on emulsion polymerization. In order to give a 
well-rounded treatment they have also included chapters on the 
fundamentals of free-radical initiation, inhibition, and copoly- 
merization, as well as a particularly excellent chapter on the role 
of detergents in emulsification. 

Altogether, the authors have made a useful contribution to 
the field of vinyl polymerization. Workers in the field will wel- 
come such a comprehensive work in which all ramifications of the 
problem are contained in a single volume. 


GERALD OSTER 
Po.ytecunic INsTiITUTE OF BROOKLYN 
Brooxtyn, New 


= THERMODYNAMICS: FROM THE CLASSIC AND 
GENERALIZED STANDPOINTS 

Joseph Louis Finck, The J. L. Finck Laboratories. Bookman 

Associates, New York, 1955. xv + 224pp. 34 figs. 13 tables. 


16 X 24cm. $7.50. 


FoLLow1NnG the indication in the title, this book is divided 
into two parts. Part one, through page 103, is a review of 
“classic thermodynamics’ with observations on what the author 
considers its defects. Part two, pages 104-218, is his presenta- 
tion of his “generalized thermodynamics,”’ first developed in a 
series of papers published from 1934 to 1949 in the Journal of 
the Franklin Institute and the Proceedings of the American Physi- 
cal Society. 

The first part seems to indicate that some physicists are even 
more careless in their use of the terminology of thermodynamics 
than are some chemists. For me, reading this part was a very 
exasperating experience. The author uses AQ and AW instead 
of g and w. - In addition to the absurdity of calling the heat ab- 
sorbed by the system AQ, as if Q were a property of the system, 
in some places AQ means something entirely different. On 
page 59, AQ is used to indicate the difference between the heat 
absorbed by a system and the heat evolved by the system operat- 
ing in a Carnot cycle. Also on page 59, W is used to mean the 
same thing that AW stands for in the same equation on page 49. 
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The statements of the second law are the oldest possible, 
with none of the better understanding developed since 1900. 
In the discussion, the author states that, “The Kelvin-Planck 
principle is entirely empirical, yet so fundamental in our analysis 
of all processes carried out in nature that we have accepted it as 


a basic law.”’ Actually, like any law, the second law is of neces- 
sity empirical. What else can any law be but a summary of ex- 
perience? 


With such an approach, it is not surprising that the discus- 
sion of entropy is confusing. To add to the confusion, the sym- 
bols G and F are used for what most American authors have now 
agreed to call F and A respectively. 

Despite the author’s poor presentation of classic thermody- 
namics, apparently he is thoroughly familiar with the subject. 
Therefore, one may feel that perhaps his claims in the second 
part of his book may be partly justified. 

To quote from the preface: ‘In this consideration the heat 
term q’ is developed, and it is shown how this term is related to. 
phenomena such as friction, viscosity, electric resistance and 


other energy dissipative properties of systems. This leads to a 


rational explanation of many of the perplexing problems of low 
temperature phenomena. A theory of catalysis develops from 
these considerations without injecting ad hoc assumptions. 

“T have attempted to express the heat quantity g’ in quantum 
form and to apply it to microscopic systems. In doing so, light 
is thrown on the meaning of a system exhibiting at times the 
properties of a particle, and at other times the properties of a 
photon—the riddle of our modern physics. An additional 
chapter is devoted to a critique of statistical mechanics, incor- 
porating ideas which I have been entertaining for some time.” 

Although the jacket states that the book is intended “as a 
text for advanced students and for those engaged in research 
and allied fields,’ it has no problems for students to work. 
Probably, therefore, its appeal will be limited to the few people 
who want to compare the author’s new proposals with those of 
Prigogine and DeGroot. 


F. LUDER 
NORTHEASTERN UNIVERSITY 
Boston, MAssACHUSETTS 
® ANNUAL REVIEW OF PHYSICAL CHEMISTRY. 


VOLUME 6 


Edited by G. K. Rollefson and R. E. Powell, University of 
California. Annual Reviews, Inc., Stanford, California, 1955. 
ix+515pp. 8figs. 13tables. 16 X 22cm. $7. 


Tue third, fourth, and fifth volumes of this excellent review 
have already been reviewed in THIs JouRNAL. The present 
volume maintains the high standard set by its predecessors. 

The Prospectus for these Reviews states that “Substantially 
the same subjects are reviewed annually or biennially.’”’ Sub- 
jects reviewed in this volume which were not covered in Volume 
5 are Quantum Theory and Valence, and Metal Chelate Com- 
pounds. Subjects reviewed in Volume 5 but omitted from the 
present volume are: Radioactivity and Nuclear Structure, Micro- 
wave Spectra of Gases, Experimental Molecular Structure, and 
Ion Exchange; the last two are scheduled to be reviewed again 
in Volume 7. 

The authors of the various chapters are recognized authorities 
in their fields; different authors each year ofteu treat their 
subjects from different points of view. For some chapters, 
these differences are reflected in different wording for the chap- 


- ter title on essentially the same field. 


As has been the case in previous volumes, the material is pre- 
sented as a review of recent work for experts. Although the 
beginner must look elsewhere for enlightenment, the research 
worker or other specialist will find this volume, like the others in. 
this series, a valuable addition to his library. 


WILLIAM E. CADBURY, JR. 


Haverrorp 
HAVERFORD, PENNSYLVANIA 
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PROCESS ENGINEERING ECONOMICS 


Herbert E. Schweyer, Professor of Chemical Engineering, 
University of Florida. McGraw-Hill Book Co., Inc., New York, 
1955. xiii+409pp. Figs. andtables. 16 X 23.5cm. $7.50. 


Many engineering curricula contain courses on engineering 
economics from books by Grant, by Woods and DeGarmo, and 
by others. These courses deal mainly with the present and 
future value of money and the engineering projects it will buy. 
Many chemical engineering curricula contain special courses 
on applications of economics to the chemical industries, with 
emphasis on economic balance. Such courses may vary from 
purely descriptive courses which discuss plant location factors 
and the like to mathematical courses in which the methods of 
calculus are used to calculate optimal conditions. 

Schweyer has written a: book which combines the future value 
of money features of engineering economy with the economic 
balance approach of chemical engineers. The result is highly 
successful. It will increase the number of courses and emphasis 
given to economic factors in both present operating conditions 
and future production needs. To assist the instructor who will 
use his book, the author has outlined four courses, ranging from 
a two semester-hour undergraduate course to a six semester- 
hour senior or graduate course. 

In a field as large as chemical engineering economics it is worth- 
while to see the subjects that the author has considered for his 
book. After a brief introduction, he discusses the value of 
money—equivalence; amortization; capital requirements for 
process plants; costs, earnings, profits, and returns; economics of 
selecting alternates; rate of return and payout time—replace- 
ments; economic balance; economic balance in cyclic operations; 
economic balance in field aud 1tecovery; economic balance and 
inventory in process operations; and concludes with an economic 
analysis of a complete process. A series of tables in the Appendix 
gives costs, interest factors, and the like. 

In using the book the reader is immediately aware of the large 
number of illustrated problems that are worked out completely to 
show the application of the theory that has been discussed at the 
beginning of the chapter. A count shows 64 illustrated problems 
throughout the book. Each chapter ends with a number of 
problems for student use. References are given freely to articles 
which discuss the subject more completely or give data and ex- 
amples of economic calculations in some industry. Because of 
the abundance of illustrated problems the practicing engineer can 
go through thé book by himself and profit from the review of eco- 
nomic principles. 

This book is one which will find ready acceptance in chemical 
engineering curricula. Students and practicing engineers alike 
will be pleased with it. Libraries should have it available for 
them. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


& DESTILLIER- UND REKTIFIZIERTECHNIK 


E. Kirschbaum. Second edition. Springer-Verlag, 
1950. xvi+ 465pp. 294figs. 23tables. $11.25. 


Tue first step the prospective reader should take is to get him- 
self a sharp paper knife. As is customary with European paper- 
bound books, some 70 per cent of the pages are uncut. 

A second edition of ‘“Destillier- und Rektifiziertechnik’’ by 
Emil Kirschbaum raises high expectations. Perhaps this re- 
viewer expected more than he had a right to expect. While the 
book in its over-all aspects is excellent and is expanded consider- 
ably over the first edition, it is somewhat of a letdown to have 
every phase of the subject treated in strictly conventional ways. 
One could select one of the better American texts and get essen- 
tially the same material, presented in a similar manner. 

Basic principles, vapor-liquid equilibria, batch distillation, con- 
tinuous rectification, and operational factors are all covered in a 


Berlin 


JOURNAL OF CHEMICAL EDUCATION 


thorough manner. Ternary systems, which represent the sim- 


, plest multicomponent system, deserve more attention than js 


normally accorded to them and Kirschbaum gives a better than 
average coverage. Unfortunately, however, he uses the equi- 
lateral triangle method of presentation rather than the more up- 
to-date and more convenient right-angle triangle presentation, 
Some of the material on sieve plates is of more than passing inter. 
est. 

A good deal of material is presented on entrainment, plate 
spacing, plate efficiencies, etc., but the actual data which are given 
are concerned almost exclusively with the ethyl alcohol—water 
system. Of course, one might expect this as this system has been 
used extensively in Kirschbaum’s own investigations. However, 
it is questionable whether or not the data can be extended to many 
other systems. Naturally, both plate and packed columns are 
treated. 

Style, appearance, type, and illustrations are excellent. 
appear to be almost no mistakes. The American literature is 
covered in a satisfactory manner. The occasional user of distil- 
lation texts will not be interested in acquiring this book. The 
situation is quite different as far as the distillation specialist is 
concerned. To him, the high spot will be the appendix. A 
total of 93 pages is devoted to tabular data on vapor-liquid equi- 
libria of 160 binary systems. The data are also presented in 15 
graphs with a number of systems given at several total pressures. 
In addition, ternary diagrams for seven systems are given. Fi- 
nally, a large nomographic chart is attached which relates packing 
type and specific weight of vapor, viscosity of liquid, liquid load- 
ing of packed columns, and pressure drop through the packing, as 
well as vapor velocity in a four-field reflecting type of arrange- 
ment. 


There 


KARL KAMMERMEYER 
Srare University or Iowa 
Iowa City, Iowa 


HYDROGEN PEROXIDE 


Walter C. Schumb, Professor of Inorganic Chemistry, Charles N. 
Satterfield, Associate Professor of Chemical Engineering, and 
Ralph L. Wentworth, Industrial Liaison Officer, all of Massa- 
chusetts Institute of Technology. A.C. S. Monograph No. 128. 
Reinhold Publishing Corp., New York, 1955. xiii + 759 pp. 
Figs. and tables. 16.5 X 23.5cm. $16.50. 


Tuis is an excellent monograph. It does the three things that 
a monograph should be expected to do. It establishes a back- 
ground in the subject which can be quickly understood by any 
qualified and competent reader. It reviews and critically eval- 
uates the pertinent literature. It summarizes and categorizes 
all the available scientific facts and technology. 

The authors employ a clear and lucid style which is to be highly 
commended. The organization is excellent and the treatment 
of each topic is as adequate as is possible within the bound of a 
monograph. One is impressed by a complete, although brief, 
historical treatment covering both science and technology; the 
details of manufacturing and storage; a careful summation of 
physical and chemical properties; and a scholarly treatment of 
the many unresolved questions concerning structure. 

Teachers of both general chemistry and inorganic chemistry 
will find much of interest and value in thisbook. The chapter on 
Inorganic Peroxy Compounds is a masterful condensation of a 
tremendous amount of data. A critical bibliography adds to the 
great usefulness of this chapter. Organic peroxides have not 
been included, certainly because of space limitation, and possilly 
also because of the availability of the excellent treatise on this 
topic by Tobolsky and Mesrobian. 

All teachers will be fascinated by the use to which the reactions 
of hydrogen peroxide are put in illustrating the limitations of net 
equations for chemical reactions. 

“The chemistry of hydrogen peroxide provides excellent in- 
stances to illustrate how inadequate net equations are to describe 
mechanism. If a net reaction such as that which shows the oxi- 
dation of hydrogen peroxide by potassium permanganate is con- 


VOLUM 


sidered, 
interacti 
to elimi 
giving: 
2M 


In one F 
ter; thi 
In addit 
zation 8 
can ioni: 
and per 
showing 
will be r 
less the 
ion will 
the rea 
Whatev 
further 
the net 
the inac 
“Ree 
tion ma 
the terr 
Mullike 
assignm 
posed) 
electron 
Some a: 
reactior 
“Kar 
cal acce 
previou 
adequa 
wrote: 
ject for 
mislead 
ment 
esse. | 
truth t 
large lit 
and in 
Nevert 
be inte 
tion mt 
in the 
adds to 
require 
also be 
been di 
chemis 
reactio 
This 

in all 
rapidly 
chemic 


S. W. 
Compe 
pp. 


ANY 
the co 
the 
carbor 
table ¢ 
labora 
mixtu 


44 
of 
> 
; 
Ong 
: 
i 
ay 
q 
| 
| 
H 
vate 
4 


CATION 


the sim. 
1 than js 
tter than 
he equi- 
more up- 
entation, 
ng inter- 


it, plate 
ure given 
ol—water 
has been 
[owever, 
to many 
mns are 


There 
ature is 
of distil- 
k. The 
ialist is 
dix. A 
id equi- 
in 15 
essures, 
n. Fi- 
packing 
id load- 
xing, as 
rrange- 


rles N. 
g, and 
Massa- 
>. 128. 
39 pp. 


rs that 

back- 
yy any 
eval- 
rorizes 


highly 
tment 
d of a 
brief, 
the 
ion of 
ant of 


nistry 
ter on 
. of a 
the 
> not 
ssibly 
1 this 


tions 
yf net 


in- 
cribe 
OXi- 
con- 


VOLUME 33, NO. 4, APRIL, 1956 


sidered, there immediately arises the question of whether the 
interaction of ten molecules is really involved. . . .It is reasonable 
to eliminate, as inert, ions of potassium, sulfate, or bisulfate 


giving: 
2MnO,~ + + 2Mn** + 8H:0 + 50; 


In one respect, however, this procedure has complicated the mat- 
ter; thirteen reacting molecules now replace the original ten. 
In addition, it is uncertain at which point the application of ioni- 
zation should be stopped. It is known that hydrogen peroxide 
can ionize to a slight extent in aqueous solution to form hydrogen 
and perhydroxyl ions. Although there is no hesitation about 
showing the potassium permanganate as completely ionized, it 
will be recognized that hydrogen peroxide is a weak acid, and un- 
less the reaction is carried out in basic solution little perhydroxy] 
ion will be present. It might be insisted that perhydroxy] ion is 
the reactive form even if present only in small proportions. 
Whatever the merit of these suggestions, it necessarily leads to 
further increase in the number of reactant molecules written in 
the net equation. This elementary discussion has demonstrated 
the inadequacy of net equations as mechanistic descriptions. . . . 

“Recent re-evaluations of the concepts of oxidation and reduc- 
tion may be helpful in considering these ideas. The usefulness of 
the terms oxidation and reduction is best limited, according to 
Mulliken, to description of net processes and to the formalistic 
assignment of charge to atoms. To deal with the actual (or sup- 
posed) mechanism of reaction, the concept of tendencies toward 
electron acceptance or repulsion are brought into consideration. 
Some aspects of this which are of importance in interpreting the 
reactions of hydrogen peroxide are mentioned below. 

“Earlier theorists were troubled by a fancied look of geometri- 
cal accessibility of the oxygen in hydrogen peroxide, leading to the 
previously discussed insistence on the trigonal structure. In- 
adequate observation impeded progress; for example, Bancroft 
wrote: ‘The chemistry of hydrogen peroxide is a hopeless sub- 
ject for the phenomenological or Baconian experimenter because 
misleading experiment is everywhere.’ This interesting state- 
ment has been widely noticed and even cast into French by Thi- 
esse. It seems to imply that speculation will come nearer the 
truth than experimental results. There is no doubt that the 
large literature of hydrogen peroxide abounds in poorly reported 
and imprecise experiments over narrow ranges of conditions. 
Nevertheless, observations of precision can be made and these can 
be interpreted validly. The framework for such an interpreta- 
tion must be based on a consideration of electronic theory, as used 
in the preceding chapter to determine structure. This approach 
adds to the concern about the relative positions of the atoms the 
requirement that the electron distribution about the atoms must 
also be considered. Most of the development of such theory has 
been due to organic chemists rather than to physical or inorganic 
chemists, but its extension and application to hydrogen peroxide 
reactions is perfectly feasible.” 

This monograph should be in every college library. It will be 
in all industrial laboratories and plants concerned with the 
rapidly growing production and utilization of the remarkable 
chemical first isolated by Thenard. 


RAYMOND E. KIRK 


Po.yTecunic INSTITUTE OF BROOKLYN 
Brooxtyn, New York 


« HANDBOOK OF HYDROCARBONS 
S. W. Ferris, Research and Development Department, Sun Oil 


pp. 15.5 X 23.5cm. $8.50. 


Any chemist who has synthesized or isolated a hydrocarbon in 
the course of his work will welcome this compact volume listing 
the most important physical properties of practically all hydro- 
carbons reported in the literature. This book is not just another 


table of hydrocarbons, but rather it is designed for the man in the 


laboratory who has the problem of identifying an individual or 
It should prove 


mixture of hydrocarbons of known boiling point. 


Company. Academic Press, Inc., New York, 1955. ix + 324 
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of considerable value to ‘academic, institutional, government, 
and industrial workers, not only in the predominantly hydro- 
carbons fields such as petroleum, natural gas, shale oil, coal and 
rubber, but also in the chemical, petrochemical, and plastics 
fields.” The book consists of a short introduction and four 
tables to assist the reader in locating unknown hydrocarbons. 

The introduction describes the organization of the tables and 
discusses in detail hydrocarbon nomenclature. Most of the hy- 
drocarbon data were obtained from Rossini’s API Research Proj- 
ect 44, Simonsen’s book ‘“The Terpenes,”’ and Egloff’s ‘Physical 
Constants of Hydrocarbons.” A total of 752 references to hy- 
drocarbons in the literature up to 1954 are listed. The tables 
contain approximately 4700 different hydrocarbons. 

Table A lists all the hydrocarbons in order of their boiling 
point in degrees centigrade at 760 mm. pressure. The boiling 
points extend from — 161.49 for methane to 675 for triacontahy- 
drodecacyclene. Empirical formulas, refractive indices, den- 
sities, and melting points also are listed. 

Table B lists the same hydrocarbons according to their em- 
pirical formula and types such as alkane, alkene, alkyne, cyclane, 
cyclene, cyclyne, and aromatics. Boiling point and molecular 
structure also are listed. Since some of the boiling points cor- 
rected to 760 mm. pressure may be questioned, the author has en- 
closed all corrected values in parentheses and listed references for 
the reader to check. Of particular value in Table B is a small 
drawing of the molecular structure located next to the hydro- 
carbon name. For example, few chemists, unless they are in- 
timately acquainted with hydrocarbon nomenclature, could 
visualize the structure of tricyclo(2.2.1.2*,7)nonane,3,6,6,9,-tetra- 
methyl]-9-vinyl. In this book a small drawing next to the name 
makes the structure readily apparent. 

Table C contains alternate names for hydrocarbons such as 
camphene, carotene, and squalene. Cross references are made to 
Table B, which contains the chemical names used by the Inter- 
national Union of Pure and Applied Chemistry and Chemical 
Abstracts. 

Table D lists alphabetically the numbered formulas of repre- 
sentative cyclic hydrocarbons, principally aromatics. In ad- 
dition, a table of dt/dp values and nomographs for correcting 
boiling points to 760 mm. appear in the appendix. 

The book is well organized and the reader will find only a very 
few odd hydrocarbons such as the fulvenes missing from the 
tables. Although many books listing properties of hydrocarbons 
have been published, it is believed that this one will be the most 
useful in the laboratory. 

JOHN M. HUNT 

Carter O11 Company 

Tusa, OKLAHOMA 


© PRINCIPLES OF INDUSTRIAL WASTE TREATMENT 


C. Fred Gurnham, Professor and Head, Department of Chemical 
Engineering, Michigan State University. John Wiley & Sons, 
Inc., New York, 1955. xi+399pp. 58figs. 2tables. 15.5 x 
23.5cm. $8. 


Tuis is the first textbook on industrial wastes that has been 
prepared primarily for the chemical engineer rather than the 
sanitary engineer. It is written to show how the various unit 
operations, with which the student in chemical engineering is 
acquainted, can be adopted to problems in alleviating stream 
pollution. 

Because the chemical engineer who is employed to operate an 
industrial plant is frequently assigned the job of studying waste 
treatment, this book is an excellent approach for an understand- 
ing of the problem. 

I plan to use this book as a text in my course in industrial 
waste treatment for graduate sanitary engineers, because of its 
complete coverage of the subject with many recent references. 


ROBERT 8. INGOLS 


Georata InstiITUTE oF TECHNOLOGY 
ATLANTA, GEORGIA 
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e CHEMICAL ENGINEERING COST ESTIMATION 


R. S. Aries, R. S. Aries & Associates, Polytechnic Institute of 
Brooklyn, and R. D. Newton, Chas. Pfizer & Co., Inc. McGraw- 
Hill Book Co., Inc., New York, 1955. xv + 263 pp. 88 figs. 
60tables. 16 X 23.5cm. $6. 


Tue student in chemical engineering is usually puzzled by the 
problem of estimating costs of equipment and operating plants. 
Initially he believes he must write to a manufacturer and ascer- 
tain the cost of the piece of equipment he has selected in his design 
problem. Soon he realizes that this process is so time consuming 
that he never will obtain an over-all figure. He then looks around 
for methods of estimating with some degree of accuracy the equip- 
ment and plant cost that will give him a figure that is reasonable. 

Aries and Newton have reduced the process of cost estimation 
to a series of steps that are easily followed. To estimate capital 
investment six methods are given, ranging from the most accurate 
(and time consuming) to the most simple (and least accurate) 
estimate. The most accurate method requires a cost estimate of 
equipment and other components in the plant. Chapters two 
and three deal with these items. In general, a series of charts 
gives the cost of the item as a function of size. Equations and 
price index values permit the values read from the charts to be 
calculated to today’s cost basis. 

Subsequent chapters deal with manufacturing cost, general 
expense, sales and profits, the effect of variable conditions upon 
costs and profits, cost factors in plant location, the relative 
importance of the components of cost, and economic evaluation. 
A series of 17 sample problems of increasing complexity illus- 
trates principles given in the text. 

It is good to see the ample white space in the book and par- 
ticularly around the charts where the user can note new refer- 
ences, It is hoped that the student will not follow the example 
of having two-cycle by two-cycle log-log paper and then using 
less than a quarter of the area for his curves. 

Much on costs has appeared since this book appeared in pre- 
liminary form in 1950 and the new material has been incorpo- 
rated into the text. Ample references are given at the ends of 
the chapters. Students should become acquainted with this 
text, for when they become practicing engineers they will find it 
in extensive use. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


& VAPOR-PLATING: THE FORMATION OF 
COATINGS BY VAPOR-DEPOSITION TECHNIQUES 


C. F. Powell, I. E, Campbell, and B. W. Gonser, Battelle Me- 


morial Institute. John Wiley & Sons, Inc., New York, 1955. 
vi + 158 pp. Figs. and tables. 15 23.5cm. $5.50. 


Tuts small monograph is the fifth volume to be published in 
the Electrochemical Society Series. It is concerned with the 
formation of coatings by a vapor-deposition technique, which 
evolved from the so-called “hot wire’ method with which the 
names of de Boer and van Arkel are often associated. In the 
early work utilizing this technique, pure metals and compounds 
were formed by decomposition of compounds on a heated fila- 
ment in controlled atmospheres or partial vacuum. During the 
war, metallic zirconium was manufactured by this procedure, 
and the standard, pure, ductile titanium is still prepared by a 
similar method. 

This technological tool has now been developed to the point 
where surfaces may be coated by high-melting metals or refrac- 
tory carbides, nitrides, borides, silicides, and oxides from gaseous 
mixtures of vaporized compounds. The deposition of sulfides, 
selenides, phosphides, and other derivatives presumably may also 
be achieved when details of the individual procedures have been 
established. 

Because of their pertinence to the composition of the developed 
coatings, many new data on strange and unfamiliar compounds 


JOURNAL OF CHEMICAL EDUCATION 


have been collected in this book which will make it a welcome 
addition to the libraries of inorganic chemists and of space {light 
engineers. The book is exceptionally well documented and js 
as up to date as a terrestrial satellite which may very well require 
vapor deposited coatings to survive a return to earth. 


LAURENCE S&S. FOSTER 
BELMONT, MASSACHUSETTS 


® HANDBOOK OF PROBABILITY AND STATISTICS 
WITH TABLES 


Richard Stevens Burington and Donald Curtis May, Jr. 
Handbook Publishers, Inc., Sandusky, Ohio, 1953. ix + 332 pp. 
50 figs. 13.5 X 20.5cm. $4.50. 


This handbook serves two purposes: 

(1) It is a concise encyclopedia of terms, concepts, and 
methods of statistics. Those without specialized training and 
experience in statistics will find the most elementary subjects dis- 
cussed in relatively simple language. Although the discussion is 
brief, an example is usually given to illustrate application. Also 
many figures are given throughout. Practicing statisticians will 
find many important subjects within their area of interest 
omitted, especially topics of more recent development. This is 
expected in a field in which applications are so diverse and devel- 
opment so rapid. 

(2) It brings into one volume of convenient size a number of 
useful statistical tables that are otherwise available only in several 
reference books and papers. 

The handbook will find frequent use wherever statistics are used. 


RALPH A. JOHNSON 
SHELL DEVELOPMENT COMPANY 
EMERYVILLE, CALIFORNIA 


ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. 
VOLUME 14: THERMODYNAMICS TO 
WATERPROOFING 


Edited by Raymond E. Kirk, Head, Department of Chemistry, 
and Donald F. Othmer, Head, Department of Chemical Engi- 
neering, Polytechnic Institute of Brooklyn. The Interscience 
Encyclopedia, Inc., New York, 1955. xvi + 980 pp. Figs. and 
tables. 20 X 27cm. $30. 


So MANY important and interesting subjects are packed into 
this volume that one wonders at the editors’ ability to keep the 
topics authoritative, readable, and reasonably short. This 
volume has much for all groups of chemists and technologists. 

The inorganic chemist will be happy with the treatment of the 
alloys and compounds of thorium, tin, titanium, tungsten, ura- 
nium, and vanadium—certainly an outstanding group of metuls. 
The discussion of valence is fundamental to all groups of chem- 
ists. Thiosulfuric and thionic acids and their salts are a con- 
tinuation of the sulfur acids from the previous volume. The 
analytical chemist will be pleased with a section on turbi- 
dimetry and nephelometry. The physical chemist turns to the 
sections on thermodynamics, vacuum technique, and viscosim- 
etry. 

The organic chemist will find a continuation of sulfur chem- 
istry in thio acids, thiocyanates and isothiocyanates, thioglycolic 
acid, and thiophene. Other subjects of importance are tolucne 
and its sulfonic acids, thiazole and triphenylmethane dyes, urea 
and its derivatives, urethanes, uric acid, and vanillin. The bio- 
chemist has a group of important subjects, like thyroid and anti- 
thyroid preparations, trypanocides, tuberculostatic agents, 
vaccines (Salk is mentioned), and the vitamins, for which there 
is a general survey followed by specific material on vitamins A, 
Bu, D, K, and K. 

The chemical engineer probably will find the section on thermo- 
dynamics more to his liking than will the physical chemist, since 
the section was written by a chemical engineer. The discussion 
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of vapor-liquid equilibrium and vapor pressure is outstanding. 
Other important subjects are ultrasonics, unit operations and 
unit processes, units and their symbols, and vacuum tubes. 

The technological subjects range from turpentine to water- 
proofing, and include type metals, varnishes, vat dyes, and wall- 
board. ‘There are extensive discussions of industrial and muni- 
cipal water, and industrial wastes and their disposal. The 
section on vinyl compounds includes both monomers and poly- 
mers of the various viny] derivatives and also vinylidene chloride. 

If you are a smoker, you will be interested in the section on 
tobacco by Harlan and Moseley of the American Tobacco Com- 
pany. We would hardly expect them to mention that nasty 
phrase “lung cancer,” but they have given a fine discussion of 
tobacco technology and chemistry, and the research plans now in 
progress which include health factors. 

Your wife will be interested in Florence Wall’s long section on 
tints, hair dyes, and bleaches. You may have to interpret some 
of it for her, but then you’ll have a better idea about chemistry’s 
greatest achievement—a blond. 

All can read with enjoyment and profit Robert Calvert’s 
section on trademarks. Much is covered besides the typical 
trademark, for example, slogans, sounds, and the like. The loss 
of the trademark Cellophane as it became a generic descriptive 
term cellophane is discussed; the same thing happened to as- 
pirin. 

One more volume to go! 


KENNETH A. KOBE 


University or Texas 
Austin, TEXas 


e ABSTRACTS OF THE LITERATURE ON 
SEMICONDUCTING AND LUMINESCENT 
MATERIALS AND THEIR APPLICATIONS (1954 


ISSUE) 


Battelle Memorial Institute. John Wiley & Sons, Inc., New 
York, 1955. viii+ 200pp. 22.5% 29cm. Paperbound. $5. 


Tuts volume contains the abstracts of 765 articles from the 
domestic and foreign literature during 1954. These accounts 
will be of most interest to those working in the solid-state elec- 
tronic-device industry. Many cover specific research investiga- 
tions or patents. This is a companion to the 1953 issue and 
should be most useful to those desiring to keep up with these 
phases of solid state physics and electronics. 


Ww. 


a MATERIALS FOR NUCLEAR POWER REACTORS 


Henry H. Hausner, Manager, Atomic Energy Engineering, 
Atomic Energy Division, Sylvania Electric Products, Inc., and 
Adjunct Professor, The Polytechnic Institute of Brooklyn, and 
Stanley B. Roboff, Manager, Industrial Coordination, Atomic 
Energy Division, Sylvania Electric Products, Inc. Reinhold 
Publishing Corp.. New York, 1955. xviii + 224 pp. 15 figs. 
30 tables. 12 X 18 cm. $3.50. 


Tuts is the seventh Reinhold Pilot Book issued to date covering 
new developments in science and technology. The materials 
that are reviewed in this small book are those needed for nuclear 
reactors: fuel elements, moderators, reflectors, coolants, control 
rods, biological shields, and supporting structures. These 


pounds, plutonium, graphite, beryllium, light and heavy water, 
Na-K, bismuth, boron, cadmium, hafnium, gadolinium, alumi- 
hum, zirconium, stainless steels, and materials for aggregate to 
make dense concrete. A chapter on Health Physics is very 
brief and makes only casual mention of waste disposal problems. 

The purpose of this volume is revealed in the closing paragraph 
of the Foreword by T. Keith Glennan: ‘‘[the authors] are to be 
congratulated on their initiative and diligence in undertaking to 


include uranium and thorium, both as elements and useful com- - 
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set down, essentially in layman’s language, the rudiments of the 
materials problems that will face anyone who desires to design, 
construct and operate a nuclear reactor for the generation of 
power.” It remains to be seen, however, whether the “investors, 
insurance men, lawyers and executives . . .”’ can really absorb 
even as palatable a dose as this short review of nuclear science 
and the related materials problems. It is not really possible to 
explain nuclear reactors to “investors” so that they can use the 
information without additional advice to decide whether or not 
to buy stocks in a nuclear power plant. Nor can the authors 
escape from their technical dialect. In short, the layman needs 
more than a little technical education to be able to assimilate 
even so simple a treatment as this. 

This book is, nevertheless, an excellent introduction to nuclear 
materials problems for one whose technical training has been 
mainly in allied fields, or for engineers who have been out of 
school a few years and wish to bring themselves up to date in the 
new field of nuclear materials engineering. It can also be recom- 
mended for students near the beginning of their scientific careers. 


LAURENCE FOSTER 
BELMONT, MASSACHUSETTS 


CHEMICAL TRADE NAMES AND COMMERCIAL 
SYNONYMS: A DICTIONARY OF AMERICAN 
USAGE 


William Haynes. Second edition. D. Van Nostrand Co., 
Inc., Princeton, 1955. vi+466pp. 16 X 23.5cm. $8. 


Tuts volume, the welcome reappearance of the out-of-print 
first edition in a revised and greatly augmented form, should be in 
every chemical library. It is not a dictionary except in the special- 
ized sense that the commercial synonyms and trade names tabu- 
lated in its 466 pages are most frequently identified by a typical 
use of the material. They range from such familiar terms as 
“magnesia” or “rayon’’ to the bewildering “81432(G. E.),”’ 
(alcohol-soluble polysilicone composition, cosmetic formulations) 
or the esoteric ““Nymphrap (Sylvania)’’ (cellulose acetate sheet- 
ing). The author states that nearly 100 new trade names are 
added in the industrial field each month. In view of this situa- 
tion, intelligent reading of the trade literature by the non-special- 
ist without such a volume as this for reference would be an al- 
most impossible task. 


W. F. K. 


METALLURGICAL PROGRESS—2: A SECOND 
SERIES OF CRITICAL REVIEWS 


J. M. McLeod, D. D. Howart, and H. B. Bell, all of the Royal 
Technical College, Glasgow. Reprint. Philosophical Library, 
New York, 1955. Zlpp. 21.5 29cm. $6. 


Turs is a hard-cover reprint of the second series of authoritative 
“Critical Reviews’ that have been published monthly in the 
British magazine, Iron and Steel, since Feb uary, 1953. The pres- 
ent set began in the February, 1954, issue. The three general 
topics covered are Preparation of Ores, Electric Steel Production, 
and Non-Metallic Inclusions. Inorganic and metallurgical 
chemists will find these reviews an easy way to bring themselves 
up to date on the subjects of sintering of iron ores; removal of 
sulfur and hydrogen in steel making; use of chromium in electric 
furnace steel; use of oxygen in steel making; deoxidation proce- 
dures and products; and oxide, sulfide, nitride, and other inclu- 
sions. These reviews cover recent literature through 1953. 

The 80-page, paper-bound reprint of the first series sold in 
England in 1954 for 4s 6d. The $6.00 price for this slender, 71- 
page, hard-cover reprint is, in comparison, scandalously high. 


LAURENCE FOSTER 


BELMONT, MASSACHUSETTS 


== 
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* PETROGRAPHIC MINERALOGY 


E. E. Wahlstrom, Department of Geology, University of Colorado. . 


John Wiley & Sons, Inc., New York, 1955. vii + 408 pp. 178 


figs. Tables. 14.5 X 21.5cm. $7.75. 


Proressor WAHLsTROM has designed his most recent text 
‘for a semester course [in petrography] that would normally 
follow a course in the theory and operation of the polarizing 
microscope.” The first five chapters are brief discussions of the 
collection and preparation of rock samples, the separation and 
identification of mineral and rock samples by various physical 
and chemical techniques, review of the microscopic methods of 
examination of minerals and aggregates, the use of the universal 
stage, and a summary of various methods for the presentation 
and calculation of petrographic data. The author clearly intends 
these chapters to serve only as introductions to most of the sub- 
jects and lists a few well-chosen references at the end of each 
chapter for the student who wishes to pursue some of the topics 
in greater detail. 

The next three chapters are in the main body of the text. The 
general petrographic character, distinguishing features and tests, 
and, briefly, the geologic occurrence and associations are system- 
atically described for the more common rock-forming silicate 
minerals and for the nonsilicate minerals. The last chapter of 
this group contains lengthy tables for the petrographic identi- 
fication of minerals. Much of this material has been incorporated 
from an earlier text, “Igneous Rocks and Minerals,’”’ by the same 
author and publisher, but there has been considerable revision 
and expansion of both individual mineral discussions and the 
total number of minerals treated. 

The final three chapters are inevitably outline presentations 
of the properties, compositions, and classifications of igneous, 
sedimentary, and metamorphic rocks. The brevity of these dis- 
cussions and the descriptive approach make extensive use of the 
selected references for each chapter essential for the student who 
is to become aware of some petrological usefulness for the in- 
cluded information. 

The text is marked by Wahlstrom’s usual effective descriptive 
style and it is enhanced by numerous excellent illustrations. As 
a laboratory manual it contains an impressive quantity of useful 
information for the introductory student. The very inclusive- 
ness of the subject matter inevitably makes the treatment of 
many important topics seem perfunctory, which perhaps cannot 
be totally avoided in a text at this level. A more important 
criticism stems from the absence of any attempt to give the stu- 
dent an appreciation of how systematic petrography may be 
applied to current problems in petrology. Thus, at a time when 
the problems of achieving satisfactory classifications of rocks and 
of reconciling genetic versus descriptive approaches are debated 
vigorously in the literature, the author leaves the student unaware 
that any other approaches may exist. This text therefore would 
require supplementation and cannot be considered sufficient in 
itself for a final undergraduate course in petrography and pe- 
trology. Whether it is desirable for the student to wait for yet 
another semester and another course to obtain some appreciation 
of the importance of petrography to petrology is a pedagogic 
question concerning which Wahlstrom certainly will find many 
divergent opinions. 


LEON T. SILVER 
CauirorniA INsTITUTE OF TECHNOLOGY 
PasaDENA, CALIFORNIA 


* AN INTRODUCTION TO THE ELECTRONIC 
THEORY OF VALENCY 


J. C. Speakman, Senior Lecturer in Chemistry, University of 
Glasgow. Third edition. St. Martin’s Press, New York, 1955. 
vii +180 pp. 8figs. 13tables. 125 19cm. $2.50. 


Tuis is the third edition of a book first published in 1935. It 
is divided into two parts. The first part (46 pages) contains the 
chapters: I, The Data and the Principles; II, Electrovalency; 
III, Covalency; and IV, Dative Covalency. These four chapters 
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are quite elementary in their content and provide a basis for 
more detailed discussions later on. The reviewer must confess 
to a considerable degree of irritation with two items in this sec. 
tion. First, the author gives the formation of hydronium ions as 
an example of electrovalency of hydrogen. While hedging his 
discussion so as to avoid, in the main, outright misstatements of 
fact, the author manages to give the reader what seems to the 
reviewer to be an erroneous impression of the situation. In 
particular, the reviewer is unaware of any experimental evidence 
requiring the assumption of even the “‘momentary”’ existence of 
free protons in systems of the type discussed by the author. 


Second, the author’s use of H:Cl:—0: as an example of dative 
covalency, while stating that the structure is more probably 
H:O:Cl:, seems indefensible. Certainly the author’s chemical 


experience is not so limited as to force the choice of so question- 
able an example, particularly in view of the fact that four pages 
are devoted to the discussion of this probably spurious mole- 
cule. 

The second portion of the book contains the chapters: V. 
The Wave Mechanical Interpretation of Valency; VI, Metrical 
Aspects of Valency; VII, The Relation between Electrovalency 
and Covalency; VIII, Other Types of Interatomic and Inter- 
molecular Forces; IX, Valency in the Long Periods; X, Coor- 
dination and Hydration; XI, Acids and Bases; XII, Quan- 
tivalence, the Molecule and the Bond. There are in this section 
a number of instances where the treatment of the material is of 
questionable accuracy or is not up to date. The following para- 
graph is quoted as anexample: ‘“Oxidation-reduction on the one 
hand, and acidity-basicity on the other, are now seen to be closely 
related, but they are not identical. The difference is that in the 
former electrons are transferred [italics are the author’s] from the 
reducer to the oxidizer, whilst in the latter the base donates a pair 
of electrons but at the same time retains a hold on it, so that a 
covalency bond is formed.” The reviewer wonders how the 
author would classify the following reactions: 


CH, + 202 COz + 


:0: :0: 
2:0:8: + O.—> 2:0:8:0: 
20: 20: 


A second example is that in the section entitled, Nature of 
the Linkage in Coordination Complexes, there is no mention of 
multiple or +-bonding, nor is the concept of “inner” and “outer” 
orbital complexes discussed. There are other such examples. 

It is the reviewer’s opinion that because of instances like those 
described above and because the treatment is generally so sketchy 
as to reduce its value to the student, the book cannot be recom- 
mended as an “introduction to the electronic theory of valency” 
for any except the reader whose interest is highly superficial. 


HARRY H. SISLER 
Onto State UNIVERSITY 
OxnI0 


e COLLEGE CHEMISTRY 


Linus Pauling, Professor of Chemistry, California Institute of 
Technology. Second edition. W. H. Freeman and Company, 
San Francisco, 1955. xii + 685 pp. 202 figs. 42 tables. 
16 X 23.5cm. $6.00. 


IN THIS new edition of the popular “College Chemistry’’ the 
beginning one-third has been materially revised. On the one 
hand a number of paragraphs have been added designed to give 
students perspective, and on the other, important changes have 
been made in the text proper. These changes are evidently in 
response to earnest and practical suggestions made by teachers 
who have used the first edition. The result, in the opinion of this 
reviewer, is that the book is definitely better as a text. 
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Here are a few of the changes. New simple problems for drill 
are interspersed in the chapters; some needed elementary physics 
is now included; valence in a simplified way is treated early; 
and a little organic chemistry has been put into the first part. 
The final two-thirds of the book is very much the same as in the 
first edition. This reviewer was disappointed to find that the 
principle of Le Chatelier is still introduced in conjunction with a 
discussion of water softening with zeolite—a setting for the 
principle which seems unnecessarily complicated. 

As before, the book is attractively composed and beautifully 
illustrated by Roger Hayward. This, like Professor Pauling’s 
other books, is certain to contribute in an important way to the 
education of many scientists. 


WILLIAM T. SIMPSON 


UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


¢ RECORD BOOK FOR QUALITATIVE ANALYSIS 


Eleanor Cornett, Assistant Professor of Chemistry, Wayne 
University. W. C. Brown Co., Dubuque, Iowa, 1955. x + 114 
pp. 21.5 X 27.5cm. $2.25. 


Tue “Record Book”’ is designed to accompany the laboratory 
section of “Semimicro Qualitative Analysis’’ by Welcher and 
Hahn (see review, THIS JOURNAL, 32, 548 (1955)). It is exactly 
what its name implies, a spiral-bound depository for a student’s 
records of his operations, observations, and conclusions. The 
instructions have been reduced to an absolute minimum. The 
influence toward careful record keeping has been increased to a 
maximum. Much additional space has been provided in order 
to allow for flexibility. The reviewer feels that this manual 
can be an invaluable tool, not only in teaching qualitative analy- 
sis, but also in producing students with good note-taking habits. 


HARRY H. BATEY, JR. 


State CoLLEGE oF WASHINGTON 
PULLMAN, WASHINGTON 


AN INTRODUCTION TO THE PRINCIPLES OF 
CHEMISTRY 


L. H. Cragg and R. P. Graham, Professors of Chemistry, Hamil- 
ton College, McMaster University. Rinehart & Co., Inc., New 
York, 1955. ix + 740 pp. Figs. and tables. 16.5 X 24 cm. 
$6.50. 


Proressors Craca and Graham have produced a text of 
superior literary quality that emphasizes understanding of the 
laws, theories, and concepts that underlie the science of chemistry. 
Most recent texts are characterized by large amounts of such 
“fundamental” material, but few if any prior texts have gone so 
far as this one in the omission of purely descriptive chemistry. 
Although this text is for first-year university courses in chemistry, 
the authors frankly state that it was written “to meet the needs 
of students who come to university with one or two years of 
chemistry behind them.” 

In this book there are no chapters with such titles as Hydrogen 
or Oxygen and the Oxides or The Halogens or The Hydrocar- 
bons. Some descriptive material traditionally found in such 
chapters is presented by way of illustration of principles; e. g., 
the synthesis of ammonia is adequately presented in the chapter 
entitled Reversible Reactions. Here the authors seize their 
only opportunity to discuss the uses of ammonia in industry. 


fore starting to write it, so that, e. g., the production of bromine 
from sea water is discussed under Oxidation and Reduction 
and the essential facts about oxygen and nitrogen are to be found 
in a chapter entitled Liquids and Changes of State. Since the 
book is a text and not a reference book, there can be no valid 
objection to this arrangement. 

Texts of a former vintage would refer to the same compound in 
two different places. Potassium nitrate would be encountered 
in the chapter on nitrogen and again under Alkali Metals. The 


The authors have apparently planned their book with care be-— 
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type of arrangement found in this book precludes such redun- 
dancy. 

It is unusual in a text to find no preliminary definition of acid 
or base until page 517. When these authors finally meet the issue 
they meet it full-square, not only with the definitions developed 
by Boyle, Lavoisier, and Arrhenius, but with the solvent defi- 
nitions and with those of Brénsted and Lewis. The nature of 
classification and definition is discussed with equal thoroughness 
in connection with oxidation and reduction, and the overlapping 
of classification systems is discussed with clarity. 

It is a matter of personal opinion whether a text designed for 
the use of first-year students should include such topics as polarog- 
raphy, hydrolysis constants, and Trouton’s rule or whether it is 
essential that such items of apparatus as the Cottrell boiling- 
point apparatus and the Beckmann thermometer should be de- 
scribed. Readers in the States must be prepared to see the name 
of element 13 spelled “aluminium.’”’ The H;0* ion is called 
the oxonium ion. 

Many teachers could read this book with profit and most of 
them would read it with delight. The average student would 
regret that there are not more photographs and would lack the 
familiarity with the language of chemistry which the authors 
have assumed. The authors knew for whom they were writing 
and did it beautifully. 

LAWRENCE P. EBLIN 


UNIVERSITY 
Atuens, 


* AN INTRODUCTION TO CHEMISTRY 


Howard L. Ritter, Professor of Chemistry, Miami University, 
Oxford, Ohio. John Wiley & Sons, Inc., New York, 1955. xii + 
649 pp. ll3figs. 33tables. 16 X 23.5cm. $6.50. 


* AN INTRODUCTORY LABORATORY COURSE IN 
CHEMISTRY 


Howard L. Ritter, Professor of Chemistry, Miami University, 
Oxford, Ohio. John Wiley & Sons, Inc., New York, 1955. 
xiv+119pp. I15figs. 22.5 X 29cm. Paperbound. $2.50. 


Proressor Ritrer’s textbook is divided into three sections: 
The Nature of Matter, The Principles of Chemical Reaction, and 
The Descriptive Chemistry of the Elements. The first two sec- 
tions are devoted entirely to fundamentals in which the descrip- 
tive material is limited to that which is necessary for illustra- 
tions. Basic principles are presented with painstaking care and 
then carefully reemphasized. Frequent use is made of new well- 
designed figures to aid. in explaining a particular point. The 
whole approach of the book is modern. The student is intro- 
duced in a qualitative way to such concepts as ionic atmosphere, 
metal-halogen complex ions in solution, and energy considerations 
in carbohydrate metabolism. The formal mathematical require- 
ments have been held to a minimum. 

The book is well and carefully written and has been carefully 
printed. It should prove to be a strong competitor in a highly 
competitive field. 

The laboratory manual although written for use with the text 
need not be; it can well stand on its own rights. It is designed 
for use throughout a full year course. Professor Ritter’s intro- 
duction states that he questions the value of the “patchwork,” 
“many short experiments-in-one,” ‘many short answer’ type of 
experiment. Many experiments require more than one period, 
one may take 20 hours (a 12-cation qual scheme). There is 
a point to each experiment and it is clearly stated. Most experi- 
ments require some quantitative data. A duplicate data sheet 
has been supplied for each experiment to facilitate the check- 
ing of laboratory work. 

The manual constitutes a fresh approach to the problem of 
the introductory laboratory course in chemistry. 


HARRY H. BATEY, JR. 


State CoLLeGe or WASHINGTON 
PuLLMAN, WASHINGTON 
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* THE CONSTRUCTION OF LABORATORY 
APPARATUS FOR SCHOOLS 
H. Struers, Chemiske Laboratorium, Copenhagen. United 


Nations Education, Scientific, and Cultural Organization, Paris, 
1954. 76 plates. Many figs. Sizes vary. $8. for each Series. 


Tus bilingual publication (English and French) consists of a 
set of mechanical drawings that can be used as the blueprint from 
which to manufacture school scientific apparatus. It is intended 
for manufacturers of apparatus and for workshops of vocational 
schools. 

The drawings of Series I are for general science apparatus. 
Series II contains directions for making 6 pieces of general 
apparatus, 25 items for mechanics, 7 for fluids, 6 for heat, 5 for 
light, 4 for sound, 17 for electricity and magnetism, 3 for chemis- 
try, and 3 for biology. The chemical apparatus described in- 
cludes a blowpipe, a pneumatic trough stand, and a water de- 
ionizing column. 

The accompanying pamphlet describes the symbols used on 
the drawings, gives a list of the workshop equipment needed, and 
furnishes a list of the materials needed. 


ELBERT C. WEAVER 
ACADEMY 
ANDOVER, MASSACHUSETTS 


© METHODS OF QUANTITATIVE MICRO-ANALYSIS 


Edited by R. F. Milton and W. A. Waters. St. Martin's Press, 
New York, 1955. xi + 742 pp. Figs. and tables. 16 23.5 
em. $15. 


“METHODS OF QUANTITATIVE Micro-ANALysis’’ is the result 
of an ambitious and laudable attempt to present, in one volume, 
much of the pertinent information concerning a variety of 
specialized micro techniques. The volume is composed of seven 
parts. Each part has been contributed by one or more special- 
ists and contains a brief discussion of theoretical principles, de- 
scription of apparatus, and details of manipulative technique. 
In many instances, examplés of the application of the technique 
to the analysis of specific materials are described. A table 
summarizing the methods of analysis and containing literature 
references concludes each part. 

Part I, on gravimetric techniques was contributed by R. F. 
Milton, W. A. Waters, and G. Ingram (pp. 11-55). Use of the 
micro balance, drying of samples, filtration methods, use of the 
centrifuge, and separation by dialysis are discussed. Notes on 
the use of organic reagents for the gravimetric determination of 
metals are also included. The treatment of weighing, as il- 
lustrated by the given example, is judged as inadequate. 

Part II, “Micro-analysis of organic compounds,” by W. A. 
Waters and G. Ingram (pp. 57-133) discusses the quantitative 
elementary analysis of organic compounds, the determination of 
functional groups, and molecular weight. For the determination 
of carbon and hydrogen, combustion tubes packed with Ingram’s 
boat filling are apparently preferred to tubes packed with Pregl’s 
universal filling. 

Part III, “Volumetric analysis,” by W. A. Waters, K. M. Wilson, 
and R. F. Milton (pp. 135-228), contains a discussion of the gen- 
eral principles, description of apparatus, and experimental tech- 
niques. A wide variety of excellent examples of the application 
of the micro-volumetric procedures are described. 

Part IV, ‘Colorimetric analysis,” by R. F. Milton (pp. 229-420), 
is devoted to a discussion of general principles and the apparatus 
used for colorimetry, nephelometry, and fluorimetry. A consid- 
erable number of examples of colorimetric analysis are cited. 
The description of their application to the analysis of biological 
materials, water, gases, organic compounds, trace quantities of 
metals, etc., is brief and adequate for measurement with visual 
apparatus. The value of both this part and Part III would be 
enhanced had the author included a discussion of the importance 
of conducting blank determinations along with the sample an- 
alysis, especially when appreciable quantities of reagents are used, 


. tion of stable standard substances and the necessity of assaying 
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as in wet ashing procedures. 


Some information about the selec. 


stock solutions made of substances which are subject to change 
during storage should have been noted. 

Part V, “Electro-chemical methods of micro-analysis,” by J. T. 
Stock (pp. 421-520), covers the theory and application of poten- 
tiometry, polarography, electrodeposition, coulometry, conducti- 
metric analysis, and electrophoresis. Numerous tables, graphs, 
and illustrations of various pieces of apparatus accompany the 
text. 

Part VI, ‘“Gasometric methods of micro-analysis,” by K. M. 
Wilson (pp. 521-605), describes the novel and clever techniques 
of Blacet and Leighton, T. C. Sutton, and R. Spence for the an- 
alysis of common mixtures of gases. The glycerine-entrained 
bubble method as applied to the analysis of gas bubbles occurring 
in glass is also described. Application of the Van Slyke apparatus 
the Warburg apparatus, and the Barcroft differential resperome- 
ter is explained and typical examples of analysis are cited. 
Various tables and charts for use with the Van Slyke apparatus 
are included. 

Part VII, “Chromatographic analysis,” by S. M. Partridge and 
T. Strain (pp. 608-30), is a condensed discourse on chromato- 
graphic techniques and their application to various types of an- 
alysis. Various techniques, theoretical principles, and apparatus 
are briefly treated. Good examples of the application of ion- 
exchange methods, paper chromatography, partition chromatog- 
raphy, and adsorption chromatography are given. This section 
is a good introduction to the field of chromatographic analysis. 

Part VIII, “Biological methods of micro-analysis,” by A. J. 
Amos (pp. 688-91), is concerned mainly with the determination 
of various vitamins and amino acids. Apparatus, procedure re- 
quirements, and several examples of analyses are briefly described. 
Basic training in bacteriology is a prerequisite for this branch of 
analytical work. 

This volume serves the editors’ purpose well by making accessible 
to the average laboratory worker information about techniques 
which previously have not been readily available. Both the 
editors and the contributors are to be congratulated for their 
effort in accomplishing such an arduous and difficult task. The 
book should prove a valuable acquisition of most analytical lab- 
oratories, especially those whose function is to perform a diversity 
of non-routine analyses. 


HARRY T. JOHNSTON 


SamvueE  P. Saptier & Son, Inc. 
PHILADELPHIA, PENNSYLVANIA 


& POLAROGRAPHIC TECHNIQUES 


Louis Meites, Assistant Professor of Chemistry, Yale University. 
Interscience Publishers, Inc., New York, 1955. xiii + 317 pp. 
33 figs. Tables. 15.5 X 23.5cm. $6. 


Tuis is an excellent book for those who want to have a short 
and clear introduction to theoretical and practical polarography. 
Written primarily as a textbook, it fills a very real need in the 
polarographic literature. 

The subject matter including suggested experiments is covered 
in 227 pages and is divided approximately equally between theoret- 
ical principles and practical considerations. Two appendices are 
included, one on trouble shooting in polarographic circuits and 
the other a tabular compilation of half wave potentials and diffu- 
sion current constants of inorganic substances. References to 
the original literature are provided. 

Theoretical principles are covered in four chapters. The 
topics considered are the residual, migration, and diffusion cur- 
rents, kinetic and catalytic currents, adsorption waves, theory of 
the current-voltage curve, criteria of reversibility, interpretation 
of half wave potentials and maxima. A knowledge of the funda- 
mental theory common to polarography and all other electrical 
methods of analysis is assumed. Four chapters are devoted to 
more practical considerations. These are instrumentation, 
techniques of quantitative polarographic analysis, amperometric 
titrations, and special techniques. The last of these discusses 
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controlled potential electrolysis, coulometry at controlled poten- 
tial, microcoulometry, and derivative polarography. 

The brief discussions of kinetic and catalytic currents, adsorp- 
tion waves and interpretation of maxima are in keeping with the 
introductory nature of the book. In this respect the author has 
done an excellent job of keeping the discussions concise while 
adequately covering the more important theoretica] foundations 
of polarography. The experiments found at the end of the 
chapters are well chosen to illustrate the principles considered in 
the text. The chapters dealing primarily with techniques offer 
many valuable suggestions to those having little or no experi- 
mental experience in polarographic techniques. 

In addition to the inclusion of classical amperometric titrations, 
a discussion of the techniques and interpretation of ampero- 
metric titrations with two identical indicator electrodes and po- 
tentiometric titrations at constant current with one or two in- 
dicator electrodes might have been given, since the interpreta- 
tion of these titrations is based on current-voltage curves of the 
substances involved. 

This book will be welcomed by students, teachers, and research 
workers alike as an excellent textbook in polarography and as a 
valuable guide for experimental work. 


RICHARD C. BOWERS 


NORTHWESTERN UNIVERSITY 
Evanston, ILLINOIS 


& QUANTITATIVE ANALYSIS: METHODS OF 
SEPARATION AND MEASUREMENT 


M. G. Mellon, Professor of Analytical Chemistry, Purdue Uni- 
versity. Thomas Y. Crowell Co., New York, 1955. x + 694 pp. 
Figs. and tables. 16 X 24cm. $6.50. 


Tuts book is divided into three main sections: I. General 
Principles, II. Laboratory Exercises, III. Problems. In the first 
section, sampling and separation processes are discussed at length 
with individual chapters on separation by volatilization, precipita- 
tion, electrochemical, and partition processes. The second part 
of the section deals with the problem of measurement with especial 
emphasis on titrimetry and chapters on colorimetry and elec- 
trometry. In the laboratory section, a library problem is found 
in addition to a considerable number of laboratory determinations. 
The discussion of the treatment of experimental data includes an 
introduction to confidence limits and control charts. 

The book covers a rather wide range, from elementary points 
of technique to a good treatment of photometric analysis. In 
this broad coverage, some detail is necessarily sacrificed and the 
author has chosen to minimize the theoretical discussion and cal- 
culations of ionic equilibria on the basis that these are mastered 
in qualitative analysis. This assumption might be questioned 
in view of the diminishing role which qualitative analysis plays 
in some curricula. The organization of the book is such that in 
the laboratory exercises as well as in the theory somewhat ad- 
vanced subjects precede more elementary ones. This may 
create problems for the teacher of less mature students. 


LUCY W. PICKETT 


Mount Ho.tyoke CoLLEeGE 
Sov1n HapLey, MAssaACHUSETTS 


* SEMIMICRO QUALITATIVE ANALYSIS 


Edwin O. Flagg, University of Rochester, Willard R. Line, 
University of Rochester, and John F. Flagg, Knolls Atomic Power 
Laboratory, General Electric Company. D. Van Nostrand Co., 
New York, 1954. viii + 238 pp. 15.5 X 23.5cm. $3.25. 


Tuts combination text and laboratory manual is a revision of 
the original Flagg and Line ‘“Semimicro Qualitative Analysis.” 
While the book has been completely rewritten with a consider- 
ably expanded theoretical section, it retains the experimental 
procedures and much of the form of the earlier one. 

This book seems to be written with the student in mind. The 
large type is easily read, the illustrations quite lucid, and the 
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topics clearly presented. Tables of solubilities, atomic weights, 
and the periodic table are given inside the back and front covers, 
making them easily available to the student. In addition, 
getting two books for iess than the usual price of one would be a 
welcome change for most students. 

The system of analysis follows the traditional hydrogen sulfide 
method. 

The Brénsted theory of acids and bases is followed and is pre- 
sented in a separate section in the chapter dealing with ionization. 
Its applications to hydrolysis, amphoterism, and complex ions are 
treated in separate sections in the chapters dealing with these 
topics. Certain other topics are also treated in this way, making 
it possible to omit them without destroying the continuity of the 
bulk of the material. This makes it possible to use the text not 
only in a separate course in qualitative analysis but also as part 
of the first-year general chemistry which includes qualitative 
analysis, but in which there may not be time to deal with all of 
these topics. Another such section contains special procedures 
for ferro- and high-aluminum alloys. This is a unique feature of 
the text which provides the instructor with a means of modifying 
the general pattern of the laboratory or providing additional 
material for special groups such as the more advanced, rapid, or 
gifted students. 

A large number of problems of varying degrees of difficulty 
have been added, and answers are given to most of them. The 
authors feel this will encourage the conscientious student to work 
more problems on his own. This reviewer believes that answers 
to odd problems are sufficient, giving the instructor more flexi- 
bility in their use, and preventing the student’s working ‘‘toward 
answers.”’ 


H. A. MEYER 
ConcorpIA TEACHERS COLLEGE 
Sewarp, NEBRASKA 
* NEW METHODS IN ANALYTICAL CHEMISTRY 


Ronald Belcher, Reader in Analytical Chemistry, University of 
Birmingham, and Cecil L. Wilson, Reader in Analytical Chem- 
istry, The Queen’s University of Belfast. Reinhold Publishing 
Corp., New York, 1955. xii + 287 pp. 1 fig. 10 tables. 
14.5 X 22cm. $5.50. 


Wiru 81 new gravimetric and volumetric analyses based upon 
385 research articles published chiefly during the last 20 years, 
this book will be a valuable source of information to any chemist 
with analytical problems. New advances in the classical an- 
alytical methods tend to be overshadowed by the present trend 
toward instrumentation, but these advances are being made and 
this book aptly describes them. 

New gravimetric and titrimetric methods are given for the 
elements Al, Sb, As, Ba, Be, Bi, Br, Cd, Ca, Cl, Co, Cu, F, 
Ge, I, Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, Pd, P, K, Rb, Se, Si, Ag, 
Na, 8, Te, Tl, Th, Ti, W, V, Zn, and Zr, and for the ions of am- 
monium, bromate, bromide, chlorate, chloride, cyanide, dichro- 
mate, ferricyanide, fluoride, iodate, nitrate, permanganate, 
persulfate, sulfate, sulfide, sulfite, thiocyanate, thiosulfate, and 
vanadate. New methods are also given for the determination of 
hydrazine, hydrogen peroxide, phenylhydrazine, and sulfurous 
acid and for the calcium hardness of natural water. Otber sec- 
tions are included on indicators, extractions, and multipurpose 
and other reagents. The list of new organic reagents is imposing. 

No claim is made by the authors that the book covers the field 
completely to date, nor have they personally checked all of the 


* methods described, but they have done so with a reasonable 


number of them while others have been included which were 
recommended to them by investigators of repute. 

For those looking for an evaluation of recent research in gravi- 
metric and volumetric analysis, this book should prove most 
helpful. 

V. R. DAMERELL 


WesTERN RESERVE UNIVERSITY 
CLEVELAND, OHIO 


| 


* ANALYTICAL CHEMISTRY: THE WORKING TOOLS. 
VOLUMES I AND II 


Edited by C. R. N. Strouts, J. H. Gilfillan, and H. N. Wilson. 
Oxford University Press, New York, 1955. Vol.I: xxi + 494 pp. 
Many figs. Vol. II: ix + 570 pp. Many figs. Both 16.5 x 
24.5cm. Set, $16.80. 


In 1928 Imperial Chemical Industries, Ltd., established an 
Analytical Chemists’ Committee to select, standardize, and unify 
the analytical technics, methods, and procedures used in this 
great British company. These two volumes describe what has 
been selected through the intervening quarter of a century. 
Although no American industry has published any comparable 
collection of methods, we do have available, in various sources, 
substantially the same kind of information. As space precludes 
adequate review of the details of the various topics covered, 
only abbreviated successive chapter titles are listed. 

Volume I includes accuracy of analysis, manipulation, sam- 
pling, weighing, volumetric apparatus, temperature and pressure, 
density and specific gravity, crystailizing and melting points, 
distillation, reagents and indicators, pH, volumetric solutions, 
ultimate organic analysis, organic microanalysis, and gas analysis. 
Volume II includes potentiometric titration, conductometric 
analysis, polarography, electrodeposition, introduction to absorp- 
tion spectrophotometry, colorimetric analysis, ultraviolet ab- 
sorption spectrophotometry, infrared absorption spectrophotom- 
etry, emission spectrography, X-ray diffraction, chromatography, 
and statistical methods. 

The two volumes are continuously paged, with the index in 
the second volume. 

In general, this is not a collection of analytical procedures for 
given materials, although some opcrating directions are included, 
such as those for standardizing titrants. Primarily, the coverage 
is limited to presentation of the principles involved in each 
technic, to a description of some important examples of equip- 
ment available, and to kinds of common applications. 

The various technics of separation are not discussed from the 
viewpoint of distinct operations often necessary before measure- 
ment of desired constituents can be made. Distillation (Chapter 
9), electrodeposition (Chapter 19), and chromatography (Chap- 
ter 27) are treated in some detail; but extraction, general volatil- 
ization, precipitation, and absorption are mentioned only rather 
incidentally as separative technics. 

Inasmuch as the contents of this set are broadly competitive 
with several American works, probably its principal interest to 
Americans will be as a reference for a British viewpoint on the 
topics covered. The reviewer expects to use it for this purpose, 
as the over-all perspective is interesting and the writing is well 
done. 


M. G. MELLON 
Purpvue UNIVERSITY 
LAFAYETTE, INDIANA 


e LABORATORY OUTLINES AND NOTEBOOK FOR 
ORGANIC CHEMISTRY 


Cecil E. Boord, Research Professor Emeritus, The Ohio State 
University, Wallace R. Brode, Associate Director, National 
Bureau of Standards, and Roy G. Bossert, Professor of Chemistry, 
Ohio Wesleyan University. Third edition. John Wiley & Sons, 
Inc., New York, 1955. xi+3l4pp. 38figs. 3tables. 22.5 x 
28cm. Paperbound. $3.90. 


IN THE preparation of the third edition of this manual the 
authors have retained the approach and basic form of the previous 
editions. The new revision places emphasis upon the correct 
details of experimental procedures, a revision of the questions for 
most exercises, and the addition or modification of five new 
exercises. These are chromatographic separation, the prepara- 
tion of acetone by the oxidation of isopropyl alcohol, the prepara- 
tion and properties of n-propylamine, the preparation of p-tert- 
amy] phenol by the Friedel-Crafts reaction, and stabilized diazo- 
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nium salts and diazo-printing papers. In this third edition the 


, authors again have maintained the principle of including a larger 


number of exercises dealing with aliphatic compounds and 4 
smaller number dealing with aromatic compounds. For the first 
time, the reader is provided with individual laboratory experi- 
ments which evolve the idea of homology and isomerism. The 
appendix has been extended to include a three-page general 
summary of organic reactions, common atomic weights, the 
physical constants of common organic compounds, and concen- 
trations of laboratory agents, as well as the reagents and supplies, 

The book is conveniently printed on good quality paper and 
spirally bound to lie flat when used. A widely diversified collec- 
tion of 79 exercises provides ample selection from which the 
traditional 36 or 24 can be made for courses with from one to 
three laboratory sessions per week. Blank spaces are provided 
for laboratory data, for observations, and for answers to related 
questions. Provision is made for instructor approval of most 
apparatus arrangements and preparational procedures. In gen- 
eral a “pro rata’”’ packaging of the required amounts of materials 
for each individual experiment has been adopted. 

This well known, loose-leaf, spiral laboratory manual made its 
first appearance in 1927. Its consistent and repeated reprintings 
and revisions are evidence of its wide popularity and acceptance. 
This third edition equals or exceeds in mechanical quality, ap- 
pearance, and content all previous editions. The type form, il- 
lustrations, formulas, and equations are clear and attractive. 
This laboratory manual can be highly recommended, particularly 
for large classes because of the clarity of its directions. These 
allow the instructor to devote the major portion of his time to 
oral quiz and laboratory supervision. 


RALPH E. DUNBAR 
Nortu Daxora State 
Farco, Nortu 


® A LABORATORY MANUAL OF QUALITATIVE 
ORGANIC ANALYSIS 


H. T. Openshaw. Third edition. Cambridge University Press, 
Cambridge, England, 1955. xii + 92pp. 35tables. 14 x 22 
cm. $2. 


Accorp1NG to the author of this excellently written and very 
concise laboratory manual the most important change from the 
previous edition is in the treatment of polyfunctional compounds. 
In the previous editions when one characteristic group had been 
detected in a compound, further tests, with the exception of the 
one for unsaturation, were omitted. In the new edition, after 
the detection of a functional group the student is directed to 
carry out further indicated tests, where appropriate, in the search 
for other functional groups that might be of aid in identification. 

Other important changes have also been incorporated. Direc- 
tions are now given for the detection of the individual halogens. 
The analytical procedures for the halogens are the usual ones 
with the exception of the one for the detection of chlorine in the 
presence of iodine and bromine. In the opinion of the reviewer 
this procedure (p. 4) is of dubious value. The author indicates 
that the change to the use of saturated potassium bicarbonate 
instead of sodium bicarbonate solution in the testing for acids 
is a marked improvement in procedure. A new section has been 
added on the investigation of metallic salts. Revised and new 
methods have been given for the preparation of a number of 
derivatives. The iodoform reaction has been added as an addi- 
tional test. The very brief list of reference works unfortunately 
has been still further reduced. The section on the Preparation 
of Special Reagents has been deleted. 

The procedures for the classification tests are well written and 
their order of presentation is quite systematic and logical. Infer- 
ences to be drawn from tests are clearly indicated. Only one 
error in directions, a minor one, was noted by the reviewer. This 
error is on page 13 where section iii is not divided into parts @ 
and 6 as is called for by the directions. 

The section on derivatives has been excellently done as in the 
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previous editions and includes up-to-date methods. Procedures 
for preparing derivatives are accompanied in many cases by 
original references. 

The characterization procedures given in this manual were 
written with the aim of enabling the student to identify the more 
common types of organic compounds. Accordingly the author 
has attempted to include in the tables of derivatives only the 
common organic compounds and of these only those which are 
available commercially in a reasonably pure condition and at 
relatively low cost. Ample numbers of derivatives are given for 
about 700 compounds. It is regrettable that separate tables of 
esters, amides, nitriles, and acid anhydrides have not been in- 
cluded. A search must be made for the constants of these com- 
pounds in the tables for related compounds. The index does not 
contain the names of the compounds listed in the tables. 

Throughout the book it is assumed that the student has fully 
mastered the common techniques of organic chemistry and, unlike 
American texts in the field, no review of topics such as recrys- 
tallization and the taking of physical constants is given. 

The text’s emphasis is exclusively on identification per se. It 
contains no theory, no equations, no written exercises or prob- 
lems. To help prevent a course which is using this manual 
from being a ‘‘cook-book” type of course, the instructor would 
have to make up in large measure for the above omissions. 

In the opinion of the reviewer a possible profitable use of this 
manual would be to work it into a two-semester course in elemen- 
tary organic chemistry. Here it could be used for the whole or 
part of the second-semester laboratory work. This suggestion 
might be especially worthy of consideration in those institutions 
where a separate course in qualitative organic analysis is not 
offered. 


HAROLD WALBA 
San Diego State 
San DigeGo, CALIFORNIA 


e METHODEN DER ORGANISCHEN CHEMIE. BAND 
Ill. TEIL 2: PHYSIKALISCHE METHODEN 


Edited by Eugen Miller. Fourth edition. 
lag, Stuttgart, 1955. xxviii + 1078 pp. 507 figs. 
18.5 X 26cm. $44.30. 


Wuen Shakespeare caused the Bishop of Canterbury, in 
Henry V, to say, ‘‘Never was such a sudden scholar made,” 
neither the author nor the good Bishop could have had in mind the 
effect that ‘Die Methoden der organischen Chemie”’ could have 
on young chemists. The thought, however, announces the 
spirit rather than the delicacy of the matter. 

Part two of volume three in this excellent series maintains the 
same high level of performance of the previous volumes. This 
volume surveys the techniques of physics and physical chemistry 
which are playing an increasingly prominent role in modern or- 
ganic chemistry. In reality this volume may be looked upon 
as au assembly of 21 highly condensed monographs on these 
special subjects: conductivity measurements (18 pp.), methods 
of measuring pH (80 pp.), indicators and test papers (34 pp.), 
potentiometric and conductometric titrations (72 pp.), quantita- 
tive electrophoresis (48 pp.), redox potentials (40 pp.), polarog- 
raphy of organic materials (56 pp.), determination of dielectric 
properties (56 pp.), refractometry (18 pp.), polarimetry (18 pp.), 
light scattering (34 pp.), fluorescence and phosphorescence 
(18 pp.), electron diffraction methods (24 pp.), the electron mi- 
croscope (22 pp.), X-ray analysis (52 pp.), absorption spectros- 
copy in the visible and ultraviolet region (172 pp.), Raman- 
spectroscopy (30 pp.), infrared spectroscopy (106 pp.), micro- 
wave spectroscopy (16 pp.), magnetochemical methods (66 pp.), 
and ultrasonic techniques (20 pp.). 

In dealing with topics as broad as these in such a limited space, 
specific mechanical details of the laboratory techniques are not 
emphasized, nor should they be expected to be. However, what 
is expected is a thoroughgoing analysis of the ideas which these 
physical methods could contribute to the solution of problems in 


Georg Thieme Ver- 
Tables. 
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organic chemistry. This the authors do with consummate skill 
and discretion. The general plan for each topic falls into three 
parts. First is the consideration of the theoretical foundations, 
the development of equations, and the mathematical analysis of 
the data. This is followed by a section describing the methods 
of measurements along with an adequate description of the types of 
equipment required. Finally, the information which can be ob- 
tained from such techniques is specifically applied in detail to or- 
ganic systems. Without exception, the references in each section 
cover the literature up to 1954. 

This volume bears the mark of fine scholarship and extensive 
learning and those who wish to gain some insight into the contri- 
butions of physical methods to the development of organic chem- 
istry will find this work most enlightening. 


G. H. RICHTER 
Tue Rice INnstiTuTE 
Hovston, Texas 


& SEMI-MICRO QUANTITATIVE ORGANIC 
ANALYSIS 


R. Belcher, Reader in Analytical Chemistry, University of Bir- 
mingham, and A. L. Godbert, Principal Scientific Officer, Safety 
in Mines Research Establishment. Second edition. Longmans, 
Green and Co., New York, 1955. x+222pp. 53figs. 14.5 x 
22.5cm. $4. 


Tuts is the second edition of a compact book dealing with 
methods of organic analysis in which an ordinary good analytical 
balance may be used. The book is designed for use by university 
students as well as by research workers; the methods have been 
used by the students of one of the authors and in the laboratory 
practice of the other. 

In comparison with the earlier edition, additions include the 
direct determination of oxygen and the determination of fluorine 
as well as new methods for the more commonly determined ele- 
ments. The section on standardization of weights has been en- 
tirely rewritten. An appendix giving a list of suitable standard 
substances is useful to an instructor and might be even more use- 
ful if tested sources of the compounds were also mentioned. 

The authors warn the uninitiated of many sources of error. 
However, in Figure 11 on page 56 the carbon dioxide absorption 
tube is shown in reverse. The book is clearly written and is a 
useful addition to the literature in this field. 


LUCY W. PICKETT 
Movunt 
Soutu Hapiey, MASSACHUSETTS 


* ANTI-COMPOSITION TABLES FOR CARBON 
COMPOUNDS (CH, CHO, CHS, & CHOS) 


H. H. Hatt, T. Pearcey, and A. Z. Szumer, Commonwealth 
Scientific and Industrial Research Organization, Australia. 
Cambridge University Press, London, 1955. 191 pp. 19 x 25 
cm. $4. 


AFTER an organic chemist has determined the elemental and 
weight composition of an unknown material, he needs to consider 
all the possible molecular formulas which fit the analytical data. 
The use of the tables in this volume greatly simplifies this task. 
Table I covers the possible CH ratios (for example: a C/H 


weight ratio of 8860/1140 corresponds to a formula CyoH«4). 


Table II covers all the expectations for CHO. Chemical reason- 
ableness limits the possibilities to those represented by Cp- 
Hn+2—2mOp where n has all values from 1 to 50, m from 0 to n, 
and p ranges from 1 ton + 3. Because sulfur has exactly twice 
the atomic weight of oxygen, the figures of these tables can be 
translated into formulas for CHS and CHOS possibilities. Ade- 
quate text explains the use of the 174 pages of solidly set numeri- 
cal tables. 

W. F. K, 
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ORGANIC SYNTHESES: AN ANNUAL 
PUBLICATION OF SATISFACTORY METHODS 
FOR THE PREPARATION OF ORGANIC 
CHEMICALS. VOLUME 35 (1955) 


T. L. Cairns, Editor-in-Chief. John Wiley & Sons, Inc., New 
York, 1955. vi+122pp. 15.5 23.5cm. $3.75. 


Tus latest volume of the well known “Organic Syntheses’ 
series contains the contributions of 59 organic chemists and deals 
with 36 important preparations. Volume 35, like the previous 
ones, contains the best available directions for preparing a wide 
variety of useful organic compounds. All the reactions discussed 
have been carefully checked and verified by leading chemists 
throughout the country. This volume again gives the equations 
for the reactions and procedures for production with accompany- 
ing notes and other methods of preparation for each compound 
included. 

Preparations are listed under common names and Chemical 
Abstracts names for: 1-acetyleyclohexanol, 2-amino-3-nitrotol- 
uene, 3-benzyl-3-methylpentanoic acid, p-bromomandelic acid, 
sec-butyl-a-n-carproylpropionate, n-butyl glyoxylate, 2-butyn- 
-l-ol, chloro-p-benzoquinone, N-chlorobetainyl chloride, a-(4- 
chlorophenyl)-y-phenylacetoacetonitrile, _1-(p-chloropheny])-3- 
phenyl-2-propanone, 2-chloropyrimidine, A‘-cholesten-3,6-dione, 
A‘-cholesten-3-one, cholesterol, A’-cholesten-3-one, A*-cholesten- 
3-one, diacetyl-d-tartaric anhydride, diethyl mercaptoacetal, 
diethylthiocarbamy] chloride, 2-(dimethylamino)pyrimidine, ethyl 
diethoxyacetate, ethyl isocyanide, ethyl N-phenylformimidate, 
2-furfuryl mercaptan, guanylthiourea, hexamethylbenzene, o- 
methoxyphenylacetone, 5-methyl-furfuryl-dimethylamine, 4- 
methyl-6-hydroxypyrimidine, 1-methy]-3-phenylindane, methyl-2- 
thienyl sulfide, 6-methyl-5-valerolactone, trans-o-nitro-a-phenyl- 
cinnamic acid, 2-phenylcycloheptanone, 1-tetralone, thiobenzo- 
phenone, and p-toluenesylfeny] chloride. 

The cumulative subject index comprises all material contained 
in volumes 30-35 inclusive, all previous preparations having been 
tabulated in collective volumes 1, 2,and3. This latest volume is 
identical in size, style, appearance, and quality with all previous 
releases in the series. Practicing organic chemists have long 
since learned to await the arrival of each new succeeding volume 
with genuine anticipation. This one again will readily meet with 
general acceptance and extensive use. 


RALPH E. DUNBAR 
Nortu Dakota State 
Fargo, Nortn Dakota 


s THE NUCLEIC ACIDS: CHEMISTRY AND 
BIOLOGY. VOLUMES I AND II 


Edited by Erwin Chargaff, Department of Biochemistry, Colum- 
bia University, and J. N. Davidson, Department of Biochemistry, 
University of Glasgow. Academic Press, Inc., New York, 1955. 
Volume I: xi + 692 pp. Many figs. and tables. 16 X 23 cm. 
$16.80. Volume II: xi + 576 pp. Figs. and tables. 16 X 23 
em. $14.50. 


A constant flow of literature continues to affirm the great in- 
vestigational enthusiasm with which all aspects of nucleic acids 
research are being approached. The two volumes under review 
are a collaborative effort which tries to collect all the information 
available at present into a single comprehensive work. The 
editors have attempted to provide a continuous narrative in which 
chapters are linked together with abundant cross references. 
Tables, charts, and graphs are extensive and complete. These 
latter give the two volumes the distinction of being a ready refer- 
ence book to which many will find it necessary to refer on many 
occasions. 

Volume I covers the main chemical aspects with the following 
chapter headings and contributors: “Chemistry of ribose and 
deoxyribose,” by W. G. Overend and M. Stacey; “Chemistry of 
purines and pyrimidines,” by A. Bendich; ‘Chemistry of nucleo- 
sides and nucleotides,’ by J. Baddiley; ‘Hydrolysis of nucleic 
acids and procedures for the direct estimation of purine and 


» pyrimidine fractions by absorption spectrophotometry,” by H, 


JOURNAL OF CHEMICAL EDUCATION 


S. Loring; “The separation of nucleic acid derivatives by chro- 
matography on ion-exchange columns,” by W. E. Cohn; ‘‘Sep- 
aration of nucleic acid components by chromatography on filter 
paper,” by G. R. Wyatt; “The electrophoretic separation of 
nucleic acid components,” by J. D. Smith; ‘Color reactions of 
nucleic acid components,” by Z. Dische; “Isolation and compo- 
sition of the deoxypentose nucleic acids and of the corresponding 
nucleoproteins” by Erwin Chartgraff; “Isolation and composi- 
tion of the pentose nucleic acids and of the corresponding nucleo- 
proteins,’ by B. Magasanik; ‘‘Evidence on the nature of the 
chemical bond in nucleic acids,” by D. M. Brown and A. R. 
Todd; “The physical properties of nucleic acids,’’ by D. O. Jor- 
dan; “Optical properties of nucleic acids and their components,” 
by G. H. Beaven, E. R. Holiday, and E. A. Johnson; and “Nu- 
cleases and enzymes attacking nucleic acid components,” by G. 
Schmidt. 

Each of these chapters represents a painstakingly prepared and 
noteworthy contribution. In the opinion of the reviewer the 
chapters by Chargaff, by Jordan, and by Schmidt are particularly 
outstanding. The chapter by Schmidt provides the connecting 
link between the two volumes. 

Volume II covers the main biological and metabolic aspects 
with the following chapter headings and contributors: “The nu- 
cleic acid content of tissues and cells,” by I. Leslie; “Cytochemi- 
cal techniques for nucleic acids,”’ by H. Swift; “The isolation and 
composition of cell nuclei and nucleoli,’ by A. L. Dounce; 
“The deoxyribonucleic acid content of the nucleus,” by R. 
Vendrely; “Nucleic acids in chromosomes and mitotic division,” 
by B. Thorell; “The cytoplasm,” by G. H. Hogeboom and W. C. 
Schneider; “Biosynthesis of pentoses,” by G. E. Glock; ‘Biosyn- 
thesis of purines and pyrimidines,” by P. Reichard; “‘Biosynthesis 
of nucleosides and nucleotides,” by F. Schlenk; “Biosynthesis of 
nucleic acids,”’ by G. B. Brown and P. M. Roll; “The metabolism 
of the nucleic acids,” by R. M.S. Smellie; ‘“The biological role of 
the deoxypentose nucleic acids,” by R. D. Hotchkiss; and “The 
biological role of the pentose nucleic acids,” by J. Brachet. 

As is the case for Volume I the chapters for Volume II are ex; / 
cellently prepared. Those chapters concerning biosynthesis and 
metabolism are of exceptional merit. Volume II should have a 
great appeal for many biologists not directly in the current of 
nucleic acid research but who wish to know of recent advances. 
The editors are to be congratulated. 


HOLES AND REINFORCE WITH GUMMED LINEN REINFORCEMENTS 00000 


FRANK W. ALLEN 
UNIVERSITY oF CALIFORNIA SCHOOL OF MEDICINE 
BERKELEY, CALIFORNIA 


s THE QUANTITATIVE ANALYSIS OF DRUGS 


D. C. Garratt, Chief Analyst, Boots Pure Drug Co., Ltd. Second 
edition. The Philosophical Library, New York, 1955. xv + 670 
pp. Sfigs. 5ltables. 15 X 23cm. $17.50. 


Tue second edition of this valuable laboratory reference work 
is completely revised and enlarged and conforms to the methods 
and procedures for the analysis of drugs described in the latest 
editions of the British Pharmaceutical Codex, The United States 
Pharmacopeia, and The National Formulary. The drugs dis- 
cussed are arranged alphabetically and complete details are 
given concerning the analysis of the common pharmaceutical 
preparations such as solutions, capsules, tablets, etc., containing 
the drug. References to the most recent literature concerning 
the drug and its analysis are placed after the discussion of the 
drug. Numerous tables are also included and these aid in the 
interpretation of the analytical data presented. Special pro- 
cedures for the determination of water in drugs, alkaloids, trace 
elements, organic chemicals from vicera and vomit, etc., make 
this work an invaluable aid to the pharmacist, chemist, and 
toxicologist. 


DETACH SHEET BY CUTTING ALONG THIS LINE——-PUN 


N. M. FERGUSON 
UNIVERSITY OF Houston CoLLEGE oF PHARMACY 
Hovston, Texas 
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NITROGEN 
CHEMISTRY‘ 


17. 


A. NITROGEN 


17-1 Exhibit: air boxes showing percentage ni- 
trogen in air, see Demonstration 2-2. Ni- 
trogen in the air absorbed by hot Mg, see 
Demonstration 10-5. 


B. AMMONIA 

Preparation of Ammonia 

NH.Cl, NaOH, mortar and pestle, phenol- 
phthalein-soln., 20-cm. filter paper. Grind 
2g. NH,Cl with 2g. NaOH. Hold the paper, 
moistened with phenolphthalein solution, 
above the mixture: turns red from NH;. 
Allow class to smell it cautiously (CARE, NH; 
is poisonous). 

NH,Cl, NaOH pellets, 500 ml. Erlenmeyer 
flask with very short delivery tube leading 
into 250 ml. beaker of water containing a 
few drops phenolphthalein. Mix 30 g. 
NH.Cl + 15g. NaOH + 10 ml. water, stop- 
per, shake momentarily: NH; is generated, 
passes into indicator solution turning it red. 
Upon cooling, solution sucks back (why?) 


17-2 


17-3 


draining the beaker. 
Physical Properties of Ammonia 

17-4 Liquefaction. Exhibit: a tube of liquid 
ammonia. 

17-5 Solubility. See Demonstration 5-12, The 
Ammonia Fountain. Exhibit: household 
ammonia. Two cylinders of water; into one 


lead a tubing from an ammonia tank, into 
the other a tubing from compressed air. 
Bubble the two gases slowly: the ammonia 
bubbles grow smaller as they rise, due to 
solution, whereas the air bubbles expand 
due to decreased pressure. 


Reactions of Ammonia 

Burning with orygen. Bunsen burner with 
2-ft. barrel, rubber tubing from O, tank 
leading via 10 mm. glass tubing into 200 ml. 
conc. NH,OH in a 5 X 50 cm. Dumas tube. 
Bubble in O, rapidly, ignite the NH; + O» 
mixture at mouth of tube (CARE: VIOLENT 
POP AND BURNING) using the long 


*17-6 


barrelled burner. N, + H.O form. 
H 
+= 
/ 
NH,OH 
SMOKE RINGS 
Figure 17-7 


*17-7 Smoke ring bor. See Figure 17-7. Cone. 
NH,OH, cone. HCl, two 10-cm. crystalliz- 
ing dishes. Place 50 ml. NH,OH in one 


Tested Demonstrations in General Chemistr 


Set 
dishes inside box. Allow a minute for 
NH,Cl to accumulate, then push hinged 
back suddenly inwards: six-inch smoke 


dish and 50 ml. of HCI in the other. 


rings blow out over the class. Remove 
dishes to hood at once. 
*17-8 Nitrogen tri-iodide, NI;.NH;. Filter paper 


containing lg. clumps of nitrogen tri-iodide 
set on wooden box ROPED OFF so no one 
can come near it. 8-ft wooden bamboo 
rod with feather fastened to tip. When the 
tri-iodide is dry, touch it (CARE: VIOLENT 
EXPLOSION) with feather: loud report, 
with violet clouds of I). 


C. FIXATION OF NITROGEN 


17-9 Exhibit: Chile saltpeter, KNO;, NH,NO;, 
(NH,)2SO.,, HNO;, household ammonia. 


Turn the page for additional demonstrations 


*Footnotes 


17-6 This a dramatic experiment, but protect your class 
from spattering ammonium hydroxide, or the possible 
danger from shattered glass. The mixture can be 
made to be self-propagating, burning with a roar. 
Place the first dish inside the box before filling the 
second dish, otherwise the class sees preliminary 
smoke, which spoils the surprise effect. Have stu- 
dents hold burning matches aloft, and extinguish them 
with the smoke ring. 
Do not prepare more than this specified quantity of 
nitrogen tri-iodide. Large amounts are dangerous. 
Do not encourage students to mischief by spreading 
it on the stairs; this is really a very dangerous experi- 
ment. The tri-iodide can be detonated while still wet, 
so treat it with respect. 
Preparation of nitrogen tri-iodide. Stir 100 ml. of 15 M 
NH,OH with 5 g. iodine crystals in a 150 ml. beaker. 
Pour thick slime and liquid into 11 em. filter paper in a 
funnel. Add another 100 ml. of 15 M NH,OH to the 
crystals remaining in the beaker, and then transfer all 
solids to the filter paper. At the moment that the 
liquid draining through the paper barely tovers the 
solid in the paper, remove the paper, and spread the 
solid in 1 g. clumps (no larger) on a board. Place 
the board in the location where it is later to be ex- 
ploded, and rope off this spot, with DANGER signs. 
After drying about 2 hours in a dry room, the nitrogen 
tri-iodide can be exploded by touching with a feather 
on the end of a long pole (do not use a long glass tube). 
Stand at least 10 ft. from the material at the time it 
explodes. 
17-12 Suggested by Dr. Wendell H. Taylor, The Lawrence- 
ville School, Lawrenceville, N. J. 
17-13 Staple two 1 X 8” strips of asbestos paralell to one 
another und about an inch apart on the 4 X 8” asbes- 
tos, so as to form a “‘cradle’’ in which the tube can 


17-7 


17-8 


rest. 
Labels for Topic 17. (For code, see instructions for assem- 
bling kits, J. Chem. Educ., 32, 12A (1955). _17-1-w-Mg powder, 
17-1-J-Ni crucible w. cover, 17-2-w-NH,Cl, 17-2-w-NaOH 
flakes, 17-2-d-phenolphthalein soln., 17-3-w-NH,Cl, 17-3-w- 
NaOH pellets, 17-3-d-phenolphthalein indicator solution, 
17-10-J-litmus paper, 17-10-w-FeSQ,, 17-12-w-Cu turnings, 
17-12-w-FeSO,, 17-14-w-NaNO:, 17-14-w-NaNOQO;, 17-14-N- 
dil. H.SO,, 17-15-d-NaNO; aq., 17-15-w-FeSO,, 17-16- 
J-gold foil, 17-17-J-powdered charcoal, 17-17-J-KNO;, 17-18- 
J-KNO;, 17-18-J-powdered charcoal, 17-18-J-flowers of sulfur, 
17-19-d-water, 17-19-w-NH,NO;, 17-19-w-Zn dust, 17-20-d- 
sat. KNO; aq., 17-21-J-string fuses, 17-22-N-turpentine, 
17-23-J- four sets of 3 X 3” cotton, silk and wool cloth stapled 
together, 17-25-J- four sets of 3 X 3” cotton, silk and wool 
cloth stapled together, 17-25-w-picric acid (trinitrophenol). 


+ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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*17-10 Arc process. Litmus paper, 3-necked Wolff 
bottle with L-shaped brass rods with pointed 
tips inside bottle, 1” apart, connected to 
high voltage discharge. Strike the arc: 
after some minutes NO forms, and reacts 
with air to form brown nitrogen dioxide 
(NO,). Test with wet litmus paper: turns 
pink. Dissolve and give nitrate ring test, 
Demonstration 17-15. 
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OSTWALD PROCESS 
Figure 17-11 


Ostwald process (catalytic formation of 
NO). See Figure 17-11. Burner, 20 ml. 
conc. NH,OH in crystallizing dish 10 cms. 
in diameter X 12 cms. high, tube from oxy- 
gen tank passing through hole in 15 cm. 
square asbestos, so O2. emerges about 1 cm. 
above the NH,OH. A Pt cone (or foil) 
suspended from the asbestos, close to the 
tube. Heat cone momentarily. Lower 
asbestos board so the O, flows in just above 
the NH,.OH close to the hot Pt cone: the 
cone glows, continues glowing for minutes, 
due to the exothermic formation of NO, 
which reacts further to give brown NO». 
*17-12 Ostwald process (NO to HNO;). A wide- 
mouth glass or rubber-stoppered 2-liter bot- 
tle filled with NO + 50 ml. hot water. Un- 
stopper: fumes of NO, form from NO + 
O, of the air. Stopper tightly and shake: 
the NO, dissolves, but liberates some NO 
in the process (Ostwald reaction equations). 
Unstopper a second time: fumes of NO, 
again form. This process can be repeated 
several times. Apply test, Demonstration 
17-15, to the water solution. 

Reversible reaction. Two 2.5 X 20 cm. sealed 
tubes of NO2, 4 X 8” asbestos on hot plate, 
dry ice-acetone mush in thermos bottle. 
Gently heat one tube while cooling the 
other: reddish brown NO, at higher tem- 
perature, colorless N,O, at lower tempera- 
ture. Reverse location of the tubes: col- 
ors reverse. 


E. NITRATES AND NITRITES 

Analytical 

17-14 NaNO:, NaNOs, dil. H,SO,, two test tubes. 
Add 5 ml. dil. acid to 1 g. of each solid salt: 


reddish brown NO, is evolved from nitrite 
but not from nitrate. 


-—Next month's Tested Demonstrations in General Chemistry 
18. GROUP V. THE PHOSPHORUS FAMILY 
For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9 (1955) 


17-15 Nitrate ring test. NaNO;-aq., freshly pre- 
pared FeSO,-aq., conc. thistle tube, 
_ 2.5 X 25 cm. test tube. Fill test tube half 
full of FeSO,-aq., add 1 ml. NaNO,-aq., 
shake. Insert thistle tube so it extends to 
bottom of tube, and pour 15 ml. conc. H,SO, 
into the thistle tube slowly so that it runs 
down and forms a layer of acid below the 
FeSO, aq. layer: a brown ring of Fe(NO)- 
SO, forms at the juncture of acid: water. 
Swirling the tube gently will make the brown 
band wider. 
Oxidizing Properties of Nitrates 

17-16 Aqua regia. See Demonstration 12-23, dis- 
solving gold. 

17-17 Powdered charcoal, spoon, 75g. KNO; in 10 
cm. evaporating dish in tripod over burner. 
Melt KNO; and heat it very hot, darken 
room, sprinkle in C: beautiful pyrotech- 
nics. 

17-18 Gunpowder. See Demonstration 12-9. 

17-19 Smoke screen. Iodine, water in dropper, 5 g. 
NH,NO; covered with 5 g. Zn dust on a 6” 
square of asbestos. Add few drops water: 
dense white ZnO smoke. Add few crystals 
iodine while smoke is evolving: violet smoke. 

17-20 Fire-writing. Write a message on sheet of 
paper using a wooden splint as pen, and 
saturated KNO;-aq. as ink. Suspend paper 
from blackboard. Touch a lighted cigarette 
to any point on the design: entire message 
burns. 

17-21 String fuse. Boil cotton string in lye-aq. to 
remove grease, rinse thoroughly, boil in 
100 ml. H.O + 30 g. KNO;, and hang up to 
dry. Make water-proof by dipping in col- 
lodion. Ignite: burns slowly. 

17-22 With turpentine. Ten ml. turpentine in test 
tube taped to end of meter stick, 400 ml. 
beaker containing 10 ml. conc. H,SO, + 
20 ml. fuming HNO; (mix just before lec- 
ture) set inside 1-liter beaker on 8” asbestos 
square. Keeping three feet away from the 
mixture (CARE, violent reaction and flame) 
dump in the turpentine : sooty flame flares up. 

17-23 Tongs, conc. HNOs, 250 ml. beaker, 3 X 3” 
cotton, silk, and wool cloths stapled together. 
Using tongs to protect fingers, dip cloths into 
conc, HNO;: wool and silk dye yellow, cot- 
ton does not. Rinse well. 

Nitrate Esters 

17-24 Exhibit: camphor, celluloid, cellophane, 
Duco cement and lacquers, pyroxylin, gun- 
cotton, ‘‘ New Skin” collodion. 

17-25 Tongs, 3” squares of wool, silk, cotton stapled 
together, 400 ml. beaker two-thirds full of 
pieric acid-aq. Dip in cloths, rinse: wool is 
dyed deep yellow, silk, slightly, cotton none at 

Danger: do not attempt to heat the 
solution, picric acid (tri-nitro-phenol) is an 
explosive. Rinse well. 


Hermann Wattenberg 


(See page 217) 
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The Welch LABORATORY 

ELECTRIC STIRRER 0 
Sparhless 

INDUCTION TYPE MOTOR 


Watt-Type Governor 
Stabilizes Speed 


@ Uniform Power Output 
Eliminates Rheostats, Gears, or 
Friction-Drive Discs 


@ Thrust Ball Bearings Insure Long Life, 
Continuous Running 


Reduces Explosion Hazard 
The induction type motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 


Long Life 


intended for highly viscous materials, will not burn out 
if stalled by overloading. 


Both ends of the motor shaft are equipped with ball 
bearings properly designed to carry the necessary axial 


and radial thrusts when the stirrer is operated vertically : 
; Governor-controlled or at an angle. Lubrication is required very infre- Accordi 
Its speed is adjustable over a range of about 200 to quently. The substantial sleeve bearing at the lower built for 
1400 revolutions per minute by means of a knurled knob end of the shaft, being made of oil-impregnated metal, erometry 
at the top of the shaft. A locknut for this adjustment is permanently lubricated. The control surfaces in the engths m 
is provided. A Watt-type governor incorporated within governor are made of materials which show negligible hiques, a 
the motor housing stabilizes the speed. It operates wear even after long service. * a: 
such that any decrease in speed caused by additional The lower end of the shaft carries an adjustable <a A 
viscous drag in the fluid causes the governor weights to check which takes any size shank up to '!/, inch. The nd excite 
move inward, thus reducing friction between the con- stirrer is supported by means of a 13-mm. rod, 20 cm. fate than 
trol surfaces and automatically increasing the net torque long, threaded into the side of the housing. The Hrement, ¢ 
exerted. The speed of the stirrer therefore remains opposite end of the rod is equipped with a binding post i b 
relatively constant under the moderate load fluctuations so that the stirrer can serve as a rotating anode in elec- hi L - 
usually encountered. trolytic work or for grounding the motor housing. vagy 
elements 
5230, ELECTRIC STIRRER, Sparkless. 5230A. ELECTRIC STIRRER, Sparkles, For 230 lagnetic 
Complete with 6-foot connecting cord, line switch | Volts, A.C. Consists of No. 5230 Stirrer equipped with tts, a 
and plug. For operation on 50 or 60 cycles, 115 volts | a step-down transformer to permit operation on 230 orporati 
A.C. Each $43.50 | volts 50 or 60 cycles A.C. Each $54.75 Employ 
hagnetic 
studies st 
hucle: 
W. M. WELCH SCIENTIFIC COMPANY i 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY hipulation 
ESTABLISHED 1880—————— omplex ¢ 
1515 SEDGWICK STREET, DEPT. A, CHICAGO 10, ILLINOIS, U.S.A. _ re 
brough | 
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Out of the 


unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


ur firm or Institu- 


JAPPARATUS AND 
UIPMENT 


A new steel pump plate, especially 
igned for experimental vacuum evapo- 


> Illinois Water Treatment Company, 
844 Cedar St., Rockford, Illinois, an- 
nounces success in several applications of 


their ion-exchange equipment for the 
removal of radiation contamination in 
water used in atomic energy power-gen- 
erating plants. 


> Introducing a new and very useful 
item for laboratory use, namely, the Guth 
Handi-Mat which gives a handy means 
for providing chemical and mechanical 
protection to equipment and apparatus. 
It is a solid polyethylene sheet that is 
ribbed to give better cushioning and a 
surface on which glassware can be drained, 
dried, and stored. 

Further details available from Palo 
Laboratory Supplies, Inc., 81 Reade St., 
New York 7, N. Y. 


> Precision Distillation Apparatus Co., 
2504 Wilshire Blvd., Santa Monica, 
California, now offers a variety of all-glass 
Wheeler fractionating columns and other 
distillation equipment. 


p> To expedite the insulating of distilla- 
(Continued on page 35) 


tion and sputtering of metals, anti- 
flection and multilayer coatings, vacuum 
Iting of metals, vacuum impregnation, 
d for small quantity production, is 
ounced by Central Scientific Company, 
700 Irving Park Rd., Chicago, Illinois. 


A new JAco-Hilger direct reading 
edium quartz spectrometer which, be- 
ause of its low price and high performance 
haracteristics, brings to smaller producers 
{ non-ferrous metals analytical advan- 
es formerly enjoyed only by larger firms, 
now in production. 

More information on production of this 
trometer, including tables of analyti- 
al results and stability are included in Cat- 
CH383. A copy may be obtained by 
riting Jarrell-Ash Company, 26 Farwell 
t., Newtonville, Massachusetts. 


Determination of wave lengths with 
curacies to one part in one million can 
obtained with the new model mercury! 
urce and microwave exciter unit now 
vailable from Baird Associates, Inc., 
University Rd., Cambridge 33, Mass. 
According to Baird, this apparatus, 
built for use in high dispersion inter- 
trometry, makes determination of wave 
lengths much easier than with other tech- 
niques, and provides a higher level of 
becuracy in analysis. With the source 
bad exciter, results 100 times more accu- 
fate than standard meter methods of meas- 
irement can be achieved. 


A broad-line chemical spectrometer 
hich permits rapid and non-destructive 
inalysis of more than 100 isotopes of 65 
ements has been announced by Nuclear 
lagnetics Corp. of Boston, Massachu- 
tts, a subsidiary of The Perkin-Elmer 
orporation. 

Employing the techniques of nuclear 
magnetic resonance, the instrument 
tudies substances by examining internal 
luclear resonance effects, rather than how 
hese substances react to external ma- 
ipulations. Test samples of chemicals, 
omplex chemical structures and combina- 
ons are rapidly and directly examined 
hrough radio-frequency techniques. No 
dehumidification or chemical destruction 
ot test samples is necessary. 


LET’S TALK ABOUT LABORATORY SINK SIZES: 


Which will 
serve you best? 


Let’s take a minute to look at the facts... 


It’s a well-known fact that U. S. STONEWARE makes Chemical Porcelain 
Laboratory Sinks in special sizes. But in addition, ‘“‘U.S.” also produces 
the same high quality sinks in a variety of standard sizes based on the 
sink dimensions most frequently specified over the years. Thus we are able 
to provide a standard size and type to meet virtually every requirement. 


Why any standard sizes? . . . Because they possess two important advan- 
tages: 1) Lower cost through quantity production by modern production 
methods. 2) Faster delivery because they are available from stock. 


However, whether special or standard, all “U.S.” Chemical Porcelain 
Sinks possess these features: They are made in one seamless, jointless 
piece, with rounded corners inside and out. The glass-smooth grey glazed, 
surface is an integral part of the porcelain body, completely non-absorbent, 
hence non-staining—never requiring “honing and scouring.’’ They are as 
easy to clean as a porcelain dish! Maximum resistance to corrosion and 
thermal shock is unsurpassed . . . and guaranteed! 


So... whether standard or special, ‘U.S.’ Chemical Porcelain Sinks are 

the finest available. And where standard sizes meet your requirements 
you'll. reap the bonus benefits of lower cost 
and faster delivery. 


236E 


Chemical Ceramics Division 


'U. S. STONEWARE 


AKRON 9, OHIO 
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PRECISION’S “THELCO” 
VACUUM OVEN 


for fast, even drying 
of ordinary and 
delicate materials 


No. 68816 


PRICE $ 1 Ss 5° 


FAST HEAT-UP 

AND RECOVERY — 

Normal operating temperature 
reached in forty minutes; maximum 

temperature from a cold start reached in eighty minutes. Loca- 
tion and size of heaters assure rapid heat-up or recovery after 
oven is opened. 


FINGERTIP CONTROL OF HEAT— 

Accurate thermostat is easy to reset; reference dial is simple to 
calibrate with good repeatability. Being hydraulic-actuated, 
thermostat is durable with excellent linearity, less subject to drift 
than bimetallic types. 


AMPLE AREA OF HEAT— 
Design affords ample heat without elements turning red. Low 
wattage density at all times means less hazard with volatiles. 


UNIFORMITY OF HEAT— 

Cast aluminum chamber promotes heat uniformity throughout 
area 8’’ wide by 12’ deep by 6”’ high. Square shape offers more 
usable working space than cylindrical chambers. 


ALL-WELDED HEATER BANK— 

The heart of the ‘‘Thelco"’ is an all-welded, inside-mounted heater bank which gives the 
oven its unmatched drying ability. Made entirely of Stainless Steel, frame of bank is 
welded into a single unit—heating and cooling 
cycles cannot cause op-n arcs or burn out ele. 
ments. Placed at top of chamber, heater unit is 
not subject to spillage or damage from loading. . . 
is protected by expanded metal housing from 
accidental contact. 


Excellent for general drying, conditioning and annealing, the ‘‘Thelco’’ Oven is espe- 
cially effective for the safe, rapid drying of delicate materials used in food and metallurgi- 
callaboratories. 


Write for Bulletin 377 on the ‘‘Thelco"* Oven. For a complete line of ‘Precision Scien- 
tific Co."* Ovens and Incubators, see our Catalog No. 7. 


NEWYORK. 


— 
€ ANY INT. 
76 Varick Street, New York 13, N. Y, 
Telephone: CAnal 6-6504 
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VIR-TIS Histo Freeze-Dryer ford, Ob 


From Aloe Scientific 


The 28 | 
New Tissue Freeze-Drying Unit 


Low cost compact tissue freeze-drying unit may be fporatory | 


used for the most exacting problems of microchemi- Seger 
cal and optical studies of tissue, as well as routine Bavy gage 


preparations for sectioning. Drying time for most oe, eu 
tissues less than six hours at —40°C bath tempera- 9 Ca 
ture, —78°C condenser temperature. Made of 18-8 fhuest, fro 


stainless steel and heavy wall Pyrex brand glass. JPY York. 


Since this apparatus utilizes the principle of a short Banco A 

path (1 mm) molecular distillation, condenser acts . by A 
nox 

as an extremely high speed water vapor pump. Sat- Boi 


isfactory results are obtained using any good 2 Biers in th 
stage mechanical pump, thus eliminating need for f*P#rate 
an expensive diffusion pump. Eight tissue sections es 
may be run at one time or several units may he JA new 

operated simultaneously from one vacuum pump. gine 
Embedding is accomplished in the original vacuuin ivision, I 
in paraffin, carbowax, etc. Unit is equipped with few York 
individual chamber for evacuating the embedding Sogo 
medium prior to use. Vacuum unit may be used fine listin 
as a short path freeze-dryer for small volumes of [P4):ysica 


liquids. For complete details request Bulletin 21-10.}. 
bli graph 

Complete 

ALOE SCIENTIFIC 

DIVISION OF A. S. ALOE CO. ge, color 

5655 Kingsbury, St. Louis 12, Missour’ ration: 

LOS ANGELES @ SAN FRANCISCO @ PHOENIX sities, 

SEATTLE @ DENVER MINNEAPOLIS @ DALLASBE 

KANSAS CITY @ NEW ORLEANS @ ATLANTA ( 


WASHINGTON, D. C. 


JOURNAL OF CHEMICAL EDUCATION, MAY, 195@°°se me 


T OF 
4 
1 
SS 
SY 
2 
- 
se KEY TO ALL 
LABORATORY 
P 


T OF THE 


Basket ( Wel TRIPLE-BEAM TRIP-SCALE 


LOW FORM 


e Fast, Accurate Operation 
e Rugged, Compact Construction 


eo|mns in the laboratory—and other . Large Capacity-1610 Grams 

all) hard-to-insulate apparatus— ¢ Sensitivity to 0.1 Gram 
her scientific Co., 309 Fisher Building, 
tsburgh 19, Pennsylvania, offers a new 
be o! plain, purified asbestos, '/32 inch 
k, in widths of 1, 1'/2, and 2 in. and 
roll. 100 ft. long. 


W LITERATURE 


The Role of Platinum Group Metals 
Calulysts, a new booklet released by 
er & Co., Inc., is a most interesting, 
ormitive reference work on the subject. No. 4048 


peompany is the world’s largest manu- Pan, All Three Beams and All Exposed Parts—Sdainless Steel 


turer of platinum metals catalysts and 


s had an active, successful part in 

earch, development, and production in Only Welch Offers All These Features 

s highly specialized field. Copies may e Patented One-Piece Beam e Extra Weights Nested in Base 
obtained by writing Baker & Co., Inc., e Three Scales Easily Read at Eye-Level e Beam Arrest for Faster Weighing 


B Astor St., Newark 5, New Jersey. e Stainless Steel Pan with Retaining Rim e Silver-Gray Hammerloid Finish 


See the largest, most comprehensive list PRICE, WITH TWO EXTRA WEIGHTS, $21.00 
Samowing compatibility or noncompati- Plastic Cover, Each $0.90 

ity of reagents to such thermoplastic 
terials as polyethylene, non-plasti- Write for full information 


ed polyviny] chloride, high-impact poly- 
yl chloride, and high-tensile high-tem- W. M. WELCH SCIENTIFIC COMPANY 
ature polyethylene has been developed DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


booklet form by, and available from, : ESTABLISHED 1880 
e American Agile Corp., P. O. Box 168, . 1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U. S. A. 
dford, Ohio. XQ Manufacturers of Scientific Instruments and Laboratory Apparatus Jf 


The 28 Wil-Lab basic units of metal 
tional laboratory furniture adapt them- 
ves to virtually every type of new BURRELL 
boratory planning, expansion, or change 
id without the extra cost of having them 


y be “For Scientists Everywhere” 


1emi- : 
8 stom built. Units are fabricated of 
utine [avy gage bonderized steel. - Working L A O ATO RY FU AC ES 
most [#faces, curbs, and reagent shelves are B R R N 

pnolithic chemstone. Complete new 
era Fil-Lab Catalog LF-6 and price list upon BURRELL UNIT-PACKAGE 
18-8 uest, from the Will Corp., Rochester 3, “er 
lass, Pr York. Tube Furnaces 
hort Lanco Apparatus Review No. 6, pub- 
acts ffhed by Arthur 8. LaPine & Co., 6001 MODEL H-1-9 (pictured) For high 
Sat- Knox Ave., Chicago 29, Illinois, temperature testing to 2650° F. For 


scribes and illustrates 1955’s best 

d 2 Biers in the line of laboratory apparatus. 
for separate 4-page section introduces Har- 

volumetric solution concentrates. 


the determination of carbon and sulfur 
by combustion in ferrous metals. Avail- 
able for one, two and four tubes. For 
use with 115 or 230 volts, 60 cycle, as 
specified. 


For other models—Ask for Bulletin No. 310 


ions 


r be A new 54-page technical data book 
m)). ribing Ethanolamines is being offered 
y Allied Chemical & Dye Corp., Nitrogen 


Fivision, Dept. EA, 40 Rector Street, 
with ffew York 6, N. Y. CAT. NO. ITEM PRICE 
“- This book fully describes monoethanola- 24-934 One-Tube Furnace, Model H-1-9 625.00 
diethanolamine, and _triethanola- 24-944 Two-Tube Furnace, Model H-2-9 650.00 
ised > listing their applications, chemical 24-954 Four-Tube Furnace, Model H-4-9 925.00 
; of properties, physiological prop- - 
103 ies, shipping specifications, handling Prices listed are F.O.B. Pittsburgh, Pa. Ys 
. il ~ Orage features, and a comprehensive EASY ACCESS PANELS FOR EASE OF SERVICING faa 
bli graphy. 
iC Cor nplete analytical procedures to deter- All current models of Burrell furnaces open from the front 
weldht, belling of inspection, parts replacement and servicing when 
color, and odor are given. Graphic 
#us!rations include data pertinent to 
oenix SCOsities, vapor pressure, densities, freez- B U RR e L L CORPORATION 
DaLLAme Curves, and other characteristics. Scientific Apparatus and Laboratory Supplies 
= | (Continued on page 36) 2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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Basic to Dependable 
Lab Ware -VITREOSIL 


The most exacting needs of 
laboratories throughout the 
world are most eminently 
and successfully met by 
Vitreosil ware (pure fused 
silica) produced to the — 
est standards of quality. 


Chemical purity, high re 
sistance to heat un- 
usual electrical resistivity, 
best ultra-violet transmis- 
sion (in transparent quali- 
ty) and low initial cost com- 
—_ to platinum are some 
peg of Vitreosil fused 


In matinee to our unusually 
large stock of transparent 
and opaque, including 
unglazed cruci- 

les, evaporating dishes, 


beakers, tubing and. rods in 

all diameters and sizes, we 

offer prompt fabrication of 
i 


rite today, giving 
full details of your re- 
quirements or ask for 
illustrated bulletin. 


~ THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 
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@ Two new companion publications on 
molybdenum ssilicides have just been 
issued by Climax Molybdenum Co., 
Dept. L, 500 Fifth Ave., New York 36, 
N.Y. These are available on request. 

1. Bulletin Cdb-6, an 8-page bulletin 
entitled, Refractory Molybdenum Silicides. 

2. Bulletin CH-23, a 2-page bulletin 
entitled Fabrication of Molybdenum Di- 
silicide Parts. 

In Refractory Molybdenum Silicides, 
complete information on the various 
molybdenum silicides is consolidated from 
52 reference sources. This includes prep- 
aration, applications, and chemical, 
physical, and mechanical properties of this 


new class of refractory compounds, 
addition, multisilicide systems—e, 
chromium silicide-molybdenum silicig 
systems; titanium silicide-molybdeny 
silicide systems; etc.—are covered. 


@ Volume 8, Number 1, Scientific Appar 
tus and Methods, including latest catalo 
revisions, is now available from Ff. 
Sargent & Company, 4647 W. Foster ia 
Chicago 30, Illinois. Of particular inte 
est in this issue is the article entitle 
“Status of the Second Derivative Metho 
of Automatic Titration.’’ 


@ The Emil Greiner Company, 20 } 
Moore St., New York 13, N. Y., has j 
made available the first issue of the sixt 
volume of “Labitems.’’ This 
features Manostat #9 for absolute an 
differential control. 


(Continued on page 37) 
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Is This Team On Your Side? 


Here is a .winnj ing combination in any laboratory, that stands — 
for a savings ia in economy and time. Why not send your order 
for this laboratory team right now? 


Ban autl 


The I 


Research 
Technic 
use SER 


PIPETTE 


WASHER 


For washing pipettes 
from 125 mm. to 375 
mm. by alternately 
filling and siphoning 
a cleansing flow over 
and through the pip- 
ettes. The filling and 
emptying cycle re- 
quires about one min- 
ute. Automatic. Stain- 


less steel. Includes 
Rack. 
#71-722.......... $60.00 


PIPETTE 


RACK 


Interchangeable rack 
fits pipette washer 
and pipette dryer. As 
an extra rack this 
stainless steel pipette 
holder is economical. 


#71-726........ $10.00 


PIPETTE 


DRYER 


Large capacity pipette 
dryer — handles _pip- 
ettes up to 375 mm. 
in length. Rack is 
taken out of washer, 
drained, placed right 
into dryer. This meth- 
od of thorough drying 
means less handling 
by the technician, 
greatly reducing haz- 
ard of breakage. 


#71-281-1......$45.00 


PHUIPPS BIRD, ine. 


JOURNAL OF CHEMICAL EDUCATION, MAY, 19% 


MANUFACTURERS AND DISTRIBUTORS OF SCIENTIFIC EQUIPMENT 


6TH & BYRD STREETS — RICHMOND, VA. 
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For analytical and general research 
ratories, pilot plant, and production, 
new 68-page hardbound, two-color 
talog on electric ovens, furnaces, water 
d oil baths, humidity cabinets, and 
ubators was recently published by 
jue M. Electric Co., 138th and Chatham 
, Blue Island, Illinois. 


An Introduction to the Glidden Co., does 
st that, giving a brief résumé of the 
usual product diversification. The 
mphlet can be obtained from the 
lidden Co., Union Commerce Building, 
leveland 14, Ohio. 


French Cultural Services in the United 
tes, 972 Fifth Ave., New York 21, 
.Y., has made available French Doctoral 
hesis, Sciences 1951-3 which is No. 1 
) Series III. Other scientific publica- 
ons will be printed in Series II which 
bstract, in English, important books and 
ticles in the scientific field. 


» High Voltage Electron-Beam Processing 
the answer of the High Voltage Engi- 
ering Corporation to the question, 
What’s all this fuss about radiation proc- 
sing?’ This booklet, published by 
his manufacturer of radiation machines, 
f an authoritative survey of radiation 


machines and their application in chemical 
processing, sterilization, and research. 
Types of radiation and their sources; 
electron beams; as applied to processing, 
as to radiation dosage, as to penetration, 
as to efficiency of utilization; and present- 
day electron accelerations are titles of 
divisions in the book. Consideration is 
also given to the economics of radiation 
processing as well as a good survey of the 
voluminous literature and listing of per- 
tinent titles in this field. Ask for Bulletin 
E from the High Voltage Engineering 
Corporation, 7 University Rd., Cambridge 
38, Massachusetts. 


@ The 12th edition of Modern pH and 
Chlorine Control is a fact-packed booklet 
on this field available from W. A. Taylor 
& Co., 7300 York Rd., Baltimore 4, 
Maryland. 


@ Copies of Catalog No. CA-2, Custom 
Made Laboratory Glassware, can be ob- 
tained without charge by writing Labora- 
tory and Pharmaceutical Sales Dept., 
Corning Glass Works, Corning, New 
York. 


@ New leaflet covers a specialized appara- 
tus produced to meet the requirements 
of reduced pressure distillations of petro- 
leum products according to ASTM method 
D-1160-52T. Apparatus is illustrated in 
its unitized laboratory-bench mounting 
pedestal and specification details and 
prices are included not only for the com- 
plete apparatus but for the individual 


(Continued on page 39) 


Researchers, Doctors, Laboratory 
Technicians everywhere prefer to 
use SERV ALL Angle Centrifuges. 


The Medium-Size Types M (SP) 
and SP/X Angle 

SERVALL with maximum speeds 
of 5,000-rpm (3,500 x G.) are 
ideally suited to both routine and 


The Most Versatile Instruments in the Research Laboratories .. . 


ANGLE CENTRIFUGES 


Also available: TYPE A Angle Centrifuge— 
ity 10 20-ml tubes; and TYPE XL— 


ette special needs of the modern 
laboratory, 
am. 
is 
ner, Compact rotors contain separate tube com- 
ght partments, angled at 40° for speedy sedi 
. tation and greater temperature control: 
> - 
ing TYPE M accommodates 27 15-ml tubes; 
ing TYPE SP will hold 6 75-mi tubes (plain) or 
an, 6 70-ml tubes (constricted neck) ; 
az- TYPE SP/X can spin 10 50-ml and 5 15-ml 


tubes in one operation. 


: Note: Accessory adapters available for 
.00 larger numbers of smaller tubes. 


Iwan Sorwall, Ine. 


P. O. BOX 230 - 


accommodates 3 50-ml tubes and 3 20-ml 

tubes. Max. speed of imges A and XL 

Centrifuges: 6,000-rpm (4,500 x G). 

WRITE FOR BULLETIN CE-5!1 

SERVALL Angle Centrifuges give you over 
a quarter century of centrifuge-engineering 
experience that originated the angle prin- 
ciple, the self-centering 
and other important features that were de- 
veloped exclusively in the SERVALL labora- 
tories for your specific needs in the field. 


NORWALK - CONNECTICUT 
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TRIS(HY DROXY METHYL 
AMINOMETHANE 


(MMERCIAL SOLVENTS 


Explore! 
Tris Amino 


(CH20OH)sCNH2 


Samples of many Nitro- 
paraffins and derivatives 
available for study. 


Tris Amino or Tris (hydroxymethyl) amino- 
methane is one of many versatile Nitro- 
paraffins and derivatives now available in 
commercial quantity for industry. Tris 
Amino has been found useful as an emulsi- 
fying agent, raw material, and reagent in 
many industries including textiles, plastics 
and resins, and paints, varnishes and lac- 
quers. Learn how the NP’s and derivatives 
may be of help in improving your present 
product or in creating new products. 


NITROPARAFFINS 4 


Market Development Department 

id COMMERCIAL SOLVENTS CORP. | 
260 Madison Ave., N. Y. 16, N. Y. 
Please send me a detailed data sheet 


| and sample of Tris Amino plus in- 
formation on other Nitroparaffins. 


NAME_ 

id 
COMPANY. 

CITY. STATE. 
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SEMI-MICRO APPARATUS 
Photometers elas ps 
to 
ONeill 
Ne New booklet CE-4 with lete listing of 
4 jew le with complete listing x 
Semi-Micro apparatus is yours for the ask- lett- ummerion brand n 
ing. Write for your copy today. exchang 
ufacture 
§ Equipm 
ee a IMPROVED WACO SEPARATOR The 1 
hi Speeds up laboratory procedures. Glass Cell conveni 
Completely safe for student use. Colorimsel potentia 
Economically priced. Silent smooth module 
operation. Ruggedly-built for long life. 
illustrat 
No.CE-2314-M. WACO Separator. — modules 
For 110 V. 60 cycle. CAST ALUMINUM 
: HEAD. With removable tube holders @ Of in 
for two 100 mm. and two 75 mm. test neers, | 
tubes (other selection is permitted). _— 
Coch complet: 
determi: 
NO WAITING material 
The tenth student need not wait ten and des 
rately ai 
minutes . . . the WACO permits quick any soli 
* stopping through slight palm pressure. material 
contacti 
Roselaw 
@ The 
specially 
or limite 
in a ne 
y At the price they class as “Non-Returnables”! Manton 
HAND FINISHED Spatulas, perfectly shaped for Semi-Micro St., Eve 
Qualitative and Organic Chemistry. WACO Monel Spatulas are Starti 
nicely balanced, permanent pieces. Glassware breakage is reduced B enization 
e as scratching is eliminated. operatio 
No. CE-7027. WACO Monel Spatulas, 175 mm. long, blade 23 X 5 covers 1 
mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. which ¢; 
Bottom rounded. In 100 lots $24.00, $3.10 per doz. on the s 
RED STYRENE @ New € 
PLASTIC and illus 
Soe Designed for the rapid and accurate determina- of active 
WACO tion of thiamin, riboflavin, and othersubstances ratory 
BOTTLE which fluoresce in solution. The sensitivity the bull 
TRAYS and stability are such that it has been found vated « 
particularly useful in determining very small special-u 
amounts of these substances. Barnebe 
for Ave., Cc 
Semi-Micro e It list 
Bottles purificat 
| Blab to 
nation ¢ 
KLETT SCIENTIFIC PRODUCTS cation | 
i Beautiful . . . reagent resisting . . . strong, Styrene Plastic! Your stu- ELECTROPHORESIS APPARATUS » BIO-COLORIMETERS — quantita 
dents take real pride in their own set . . . and this stimulation of GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- | laborato 
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7 parts as well. Write for your copy 
(lass Engineering Laboratories, 560 
axe ill Ave., Belmont, California. 


@ .\ new 16-page design manual for Pyrex 
brand modular glass shell and tube heat 
exchangers is now available from the man- 
ufacturer. Ask for Bulletin PE-33, Plant 

§ Equipment Sales, Corning Glass Works, 
Corning, New York. 

The manual, edge-indexed for reading 
convenience, was prepared to help the 
potential purchaser choose the right 
module for his heat exchange system. 
Ten engineering drawings graphically 
illustrate how the Corning heat exchanger 
modules can be installed. 


@ (f interest to chemists, chemical engi- 
neers, physicists and others engaged in 
research, analysis and control is the an- 
nouncement of a new catalog, providing a 
complete list of the latest equipment for 
determining moisture in a great variety of 
materials. The new catalog illustrates 
and describes every item needed for accu- 
rately analyzing the amount of moisture in 
any solid, granular, liquid or semi-liquid 
material. Free copies may be obtained by 
contacting the Harry W. Dietert Co.,-9330 
Roselawn Ave., Detroit 4, Michigan. 


Gaulin Laboratory Homogenizer 
§ specially designed for research, pilot plant 
§ or limited production operations is covered 
fin a new 4-page folder released by the 
Manton-Gaulin Mfg. Co., Inc., 44 Garden 
St., Everett, Massachusetts. 
Starting with a brief ““Theory of Homog- 
Benization,’’ the literature describes the 
operation of the laboratory-sized unit, 
covers representative types of products 
which can be processed and gives details 
on the special Gaulin homogenizing valve. 


iB @ New 6-page Technical Bulletin describes 

ig and illustrates many uses and advantages 

ff of activated charcoals and carbons in labo- 
ratory operations. Designated E-1617, 
the bulletin covers characteristics of acti- 
vated charcoal in general and many 
special-use types available from the 
Barnebey-Cheney Co., Cassady at 8th 
Ave., Columbus, Ohio. 


It lists 30 laboratory applications from 
purification and sterilization of air in the 
lab to immediate adsorption of spilled 
odorous or toxic liquids, catalysis, elimi- 
nation of radioactive materials, gas purifi- 
cation and separation, qualitative and 
quantitative analysis, vapor traps, and 
laboratory hoods without vent outlets. 


MISCELLANY 


* A new device, utilizing the elementary 
chemical fact that carbon and oxygen 
have a strong natural affinity for each 
other, is now being used at U. S. Steel’s 

Research Center in Monroeville, Penn- 

Bsylvania, to measure within 5/10,000 of a 
the carbon content of low-carbon 
steels, 


The apparatus was designed and 
developed by research personnel of U. 8. 
Steel in answer to the growing need for 
closer control of carbon in steels where 
this element is a decisive factor in quality 
and performance. 


% Cloud behavior is expected to be better 
understood with a new high-speed elec- 
tronic device. Called a Cloud Particle 
Counter, instrument automatically sam- 
ples and measures minute moisture par- 
ticles of which clouds are formed, accord- 
ing to Armour Research Foundation of 
Illinois Institute of Technology, which 
developed it for the Air Force. 


% The Deco Trefoil, January-February, 
1956, issue includes an excellent story on 
the processes for extraction of uranium 
from ores, and includes a fine chart listing 
classification and properties of the ura- 
nium and thorium minerals. The T'refoil 
is published by the Denver Equipment 
Company, 1400 Seventeenth St., Denver 
17, Colorado. 


% X-Ray Spectrometer so sensitive it can 
detect changes as small as a billionth of an 
inch in the distance between crystal facets 
has been designed by General Electric 
engineers at the AEC’s Hanford pluto- 


(Continued on page 40) 
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nium plant. The device is used to measure 
submicroseopic damage suffered by solids 
exposed to chain reaction heat and radia- 
tion in a nuclear reactor. Object is to 
find new reactor elements that will stand 
up longer. 


% Reactor Grade Beryllium soon may be 
supplied by private industry. The Atomic 
Energy Commission this month is asking 
private companies to submit proposals 
for supplying up to 100,000 pounds of the 
metal annually over a five year period. 
Beryllium requirements now are met from 


production of a government-owned plant 
at Luckey, Ohio. 


% Aluminum Dry Cell Batteries, com- 
parable to zinc batteries, have been devel- 
oped by Aluminum Company of America. 
Attempts to utilize attractive properties 
of aluminum (low electrochemical equiv- 
alent and high electrode potential) 
formerly failed because of low shelf life of 
the cells. The new batteries, however, 
have a long shelf life, according to Alcoa 
Research laboratories. 


% Recently, as part of its program of 
public information and education, the 
National Cancer Institute furnished a 
publication entitled Readings on Cancer— 
An Annotated Bibliography, to all members 
of the National Science Teachers Associa- 
tion. Single copies can be obtained from 
the Institute, Bethesda 14, Md. 


‘CENTRIFUGES 
for °36 by C.8. & E. 


Backed by fifty years of experience the Chicago Surgical 


and Electrical Company presents the “Forward Look,” 
in the field of centrifuges.—Not only does this embody 
improvement of design, but in every phase of con- 
struction and craftsmanship . . . To one end; perfection 
of equipment for medical, chemical, and research 


laboratories. 


and 
si 


NEW 
FORWARD 
LAB-LOOK 


Two new 6-tube 15 ml. safety cen 
50 are fully enclosed and have 
no exposed revolving 
eliminated. Distinctive 
Streamlined aluminum housing. S; 
1700 RPM, while Model 50 has 
regulation from 0 to 5000 RP 
Model 50 is ball-bearing, lubricated for life. Easy loading 
and unloading. 


Embodying man 
odel 20 (Size 2) C. S. & E. Ce 
for use in medical a 


abinets are of most modern furniture type design 
finished in Sand-Tan with black Formica top; electric 


matic electric timer; 
for 


CHICAGO SURGICAL & ELECTRICAL CO. 
Division of Labline, Inc. 
3070-82 West Grand Avenue «+ 


. Models 40 and 
~ cap for loading. There are 
rts and danger from flying glass is 
. S. & E. styling with Sand-Tan Finish. 
mite rheostat giving speed 
M, with built-in timer. Motor of 


safety features, the Model 10 (Size 1) 
. Centrifu; are de- 
nd industrial laboratories. 


ives stepless speed control; dial t: 8 indi- 
indicates speed u to 6,000 RP auto- 


controls are interlocked 
rator safety. Motor is lubricated for life. 
Model 10 will accommodate all types of heads 
suitable for Size 1 Centrifuges; Model 20 
takes all Size 2 heads and accessories. Both 
units offer convenient storage space for 
accessories. Model 10 comes with % HP 
motor; Model 20 has &% HP motor. Both 
models may be supplied with refrigera- 
tion for operation below room tem- 


perature. 

SEND FOR 
BULLETIN NO. 
JC-65 


Chicago 22, Illinois 


% What Is Being Done About Smog is a 
report to the people summarizing the work 
carried out by the Air Pollution Control] 
District, county of Los Angeles, 434 §, 
San Pedro, Los Angeles 13, California. 


* Food Technology is a guidance booklet 
issued by the Institute of Food Tech- 
nologists, 176 West Adams St., Chicago, 
Illinois, and lists some hints and aids for 
those who are interested in this as a career, 


* Phillip’s Academy of Andover, Massa- 
chusetts, has instituted a program delib- 
erately designed to get outstanding young 
men to try teaching as a career. Actual 
teaching experience with excellent super- 
vision and financial assistance are features 
of the teaching fellowship for the 1956-57 
school year. 


% Last summer Samuel Schenberg, Super- 
visor of Science for New York schools, 
asked the superintendents of the 85 high 
schools (54 academic and 31 vocational) 
how many science classes were taught last 
year by teachers holding no science license. 
Thirty-four academic high schools re- 
ported that they employed 35 nonscience 
substitutes for one or both terms; hence 
165 classes, containing about 5800 stu- 
dents, were taught by teachers untrained 
in the field. Twenty of the vocational 
high schools used 61 nonscience teachers in 
305 classes, with approximately 9900 
students. For the present school year 
the prospects were no better, though Dr. 
Schenberg hoped the deficit could be 
reduced to 63 science teachers by the time 
the schools reopened. Even so, about 
10,500 students would be affected, or 
roughly 8% of the city’s school population. 

Dr. Schenberg hopes that the new 
salary schedule for teachers with master’s 
degrees will help attract more qualified 
people. Others fear that even this boost, 
amounting to slightly more than $50 4 
month, will not suffice to offset the low 
morale, the excessively large classes and 
heavy teaching load, and the lock-step 
system of promotions that, like the rain 
from heaven, falls equally on the just and 
the unjust—the competent and the in- 
competent. 

Perhaps there is no new element in the 
New York story, unless it is the important 
fact that the city’s Superintendent of 
Schools and Board of Education sought 
the facts and are deeply enough concerned 
to be doing something about it. 

Engineering & Scientific 
Manpower Newsletter 


% The National Science Foundation 
announced recently the publication of its 
report on “Scientific Personnel Resources.” 
This 86-page document—available from 
Superintendent of Documents, Washing- 
ton 25, D. C., for 50 cents—provides 4 
well-organized assembly of useful data, 
including many charts, on the supply, 
utilization and training of engineers and 
scientists. This document is divided into 
parts whose titles provide an excellent 
outline of content. They are: The 
Growth of Science and Technology, The 
Supply and Utilization of Scientists and 
Engineers, The Professional Character- 
istics and Employment of Scientists and 


(Continued on page 41) 
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Engineers, The Educational System and 
the Training of Scientists and Engineers. 


* A small strip of bright yellow tape, 
impregnated with enzymes, now enables 
a diabetic patient to make a colorimetric 
percentage determination of urine sugar 
in sixty seconds, Eli Lilly and Company 
announces and is now marketed as ‘“Tes- 
Tape’ (Urine Sugar Test Tape, Lilly). 
The patient dips one end of a one-and-a- 
half-inch strip of tape into a specimen. If 
glucose is present in the urine, two 
enzymes—glucose oxidase and peroxidase, 
act to produce changes in the color of the 
yellow tape. These changes range from 
light green to deep blue depending on the 
amount of glucose present. The test is 
specific since glucose oxidase exerts its 
catalytic action only on glucose. 


A color chart on the dispenser gives a 
direct comparison reading. 


% Sodium hexametaphosphate available 
from your neighborhood grocer under the 
trade name ‘‘Calgon’’ for its water soften- 
ing properties has been found to do another 
interesting job. This compound which 
“sequesters’’ the calcium and magnesium 
ions that make water “hard,’’ will also 
sequester those ions which produce radio- 
active contamination. 


Foster D. Snell, Inc., found that ‘“Cal- 
gon’’ when added to a detergent was most 
effective in decontaminating operations. 
A similar study at Johns Hopkins Univer- 
sity and revealed by the AEC Technical 
Information Service (NYO-4990) also 
gave this compound a rating of 10, indi- 
cating maximum efficiency. 


The ability of this and other compounds 
to tie up or ‘“‘sequester’’ certain metal ions 
so that they do not precipitate out is an 
interesting as well as most useful property. 


* American Scientific organizations and 
industries purchased almost a quarter 
of a million dollars worth of government 
research reports from the Office of Tech- 
nical Services, in 1955. Information on 
these reports from Army, Navy, Air 
Force, AEC, and other agencies is listed 
in U. S. Government Research Reports, 
$6 per year, and Technical Reports News- 
letter, $1 per year. Both are handled by 
the Superintendent of Documents, U. S. 
Printing Office, Washington 
D. C. 


* College chemistry professors will be in- 
terested to learn that a ‘Commission on 
Mathematics’’ has been appointed by 
the College Entrance Examination Board. 
This group will investigate the need for 
revision of the secondary school mathe- 
maties curriculum, which incidentally has 
remained essentially unchanged for 50 
yeurs! 


%* RCA has developed a photo engraving 
Plute-making process which employs 
“Electrofax’? a system of electrostatic 
photography, whereby a complete litho- 


graphic plate can be made in less than a 
minute and a printing plate by etching in 
a few minutes. 


* To help teachers cultivate a greater 
interest in science among elementary and 
high school pupils, New York University 
will launch a “Science Teachers’ Work- 
shop’’ this summer with a faculty drawn 
from three of its schools. 

The graduate program will be presented 
from July 3 to August 10 by the NYU 
School of Education, with the assistance 
of the Graduate School of Arts and Science 
and Washington Square College of Arts 
and Science. It will include lectures by 
visiting as well as NYU scientists, visits 
to laboratories of the area, demonstrations 
and experiments, small-group conferences 
with specialists in science teaching, and 


Biologists, chemists, geologists, and 
physicists from the three schools will serve | 
on the Workshop faculty. The specific 
subjects of study include microwaves, 
histophysiological changes, endocrinphysi- 
ology, radio biology, biophysics, cytochem- 
istry, and nuclear fission and fusion. 

Lectures will be held during the morn- 
ing and early afternoon hours. The late 
afternoons and weekends will be reserved 
for unscheduled conferences, library work, 
experiments, and off-campus observation. 
Participants in the Workshop will study 
intensively all phases of scientific develop- 
ment of the last 15 years. The exacting 
nature of the program precludes any other 
study during the time of the course. 


individual consultation on effective science New York University, 
teaching at the various school levels. Square, New York 3, N. Y. 
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NOW READY.... 


The first series of ‘Tested Demonstra- 
tions’ reprinted from the 1955 volume 
of the Journal of Chemical Education. 


The booklet contains the 12 original installments comprising 
241 tested demonstrations on the following topics: 


Chemical Reactions 
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En 
Equilibrium. Oxidation and reduction 
Atomic Structure: Radioactivity 


VP 
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12. Group 1. The Alkali Metals. The Copper Group 
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Tis month the editorial “we” got lost looking hope- 
fully out of the window for a way to end the shortage of 


chemists. Instead J am looking in a mirror. I have 
been shoved into this position where the light is un- 
comfortably bright by the realization that I am a 
teacher of college freshman chemistry. 

I see a bit of a smug grin. One of my ex-freshmen has 
just won an N.S.F. fellowship. I guess I am a pretty 
good teacher. I think chemistry is very important 
and I am sure my students think so too. Well, pretty 
sure! After all, I have told them so repéatedly. 

Now that grin clouds over as I recall a recent count 
of the students who leave my class with passing or even 
high grades who never take another chemistry course. 
The saddest aspect of this is that they include quite a 
few who came from high school full of enthusiasm for 
chemistry as a career. Another thing which bothers 
me is the news from a high-school teacher that some of 
my students have been returning as worldly-wise high- 
school alumni to visit his students. Their advice is that 
college chemistry is “‘...too hard. You should see the 
material we have to cover. ..and the problems!”’ 

Well now, after all, what can I expect considering the 
kind of training these students had in high school? 
Everybody views with alarm the fact that they never 
have been taught to think. My job is to teach chemis- 
try, all the chemistry I believe they will need to go on 
to more courses in chemistry. Do I have time to teach 
them to use their heads? Can’t they realize that they 
will have to do this to become scientists? Maybe my 
students do need the tutoring system suggested by 
Samuel Schenberg, supervisor of science in the New 
York City high schools, to “bridge the gulf between 
high-school and college methodology.” 

Now wait a minute. Maybe I’d better replace this 


smugness in the mirror with a little of that ‘‘viewing- | 


with-alarm!”’ What am I admitting when I agree that 
my students need a tutor just to understand what it is 
I am talking about? Elsewhere in this issue the report 
of the Ford Foundation-sponsored study of College 


Admission with Advanced Standing emphasizes that a 
chemistry course at the college level is an intellectual 
subject. It requires more maturity in the student than 
does cramming for a memory test. Maybe I should 
recognize that many of my students just now are reach- 
ing that level of maturity in my class, regardless of how 
much I should hope that they had attained it before 
they took seats in front of me. Maybe I ought to have 
an uncomfortable session with myself on how I teach 
instead of my usual preoccupation with what I teach. 

One place I could start would be to sit down with 
some high-school teachers of chemistry and listen. (I 
often have stood up and told them what I think.) 
Perhaps I could understand better who my students 
are instead of assuming what it is I have to work with 
in my classes. Maybe I have been squeezing the moti- 
vation out of my students by the way I treat them, not 
in the way I treat the subject matter. 

Another thing I might do is to take a careful look at 
the amount of information I am trying to cover. Do I 
give the impression that to pass the course my students 
must be squirrels for chemical facts? Have I ever 
paused long enough to lead my students at least once 
step-by-step through the critical analysis of sothe of 
those facts which I myself do automatically? I am a 
great one for demonstrations. They make the informa- 
tion real to the sense of sight, hearing, and even smell. 
But have I ever used a demonstration as part of an 
examination, asked the student to interpret what he 
sees, rather than only what he remembers? For that 
matter have I actually worked as hard devising an 
examination as I expect the students to work in 
answering the questions? Do my students in the 
laboratory perform even a single experiment (not an 
“exercise’’) that I have invented myself? 

This mirror-gazing is a troublesome experience. Try 
it sometime. I intend to again, even when I do not 
have the bottom of the page to save me from making 
self-damaging revelations. 


—— 
Editors Outlook 
e 
A 


« BIOLOGICAL RELATIVITY’ 


PHYSICAL RELATIVITY 


Any consideration of biological relativity should 
have as its starting point some reference to physical 
relativity. While no biologist is completely justified 
in passing over boundaries of intellectual disciplines, 
the very nature of this discussion permits it. The ele- 
ments of an understanding of physical relativity are 
essential to the general scheme of biological relativity 
which is to be developed. 

Galilean relativity, forming an integral part of the 
classical mechanistic concept of the physical world, 
concerned itself essentially with the relativity of speed, 
velocity. The classical example is that of the man 
walking along the deck of a moving ship. The man’s 
speed depends upon your point or frame of reference, 
upon the coordinate system selected for observation. 

Classical physics concerned itself with a physical 
world created by nature and unveiled to man’s con- 
sciousness. It was a world of certainty, a comfortable 
intellectual concept which led to the numerous pitfalls 
of intellectual egocentricity. From its vantage point 
of experience, science challenged the religious end 
philosophical worlds and, in the broadest sense, won 
in every engagement. From its own interpretation 
science was dealing with a rigid, real physical world 
capable of experience via the methodology available. 

The key to Galilean relativity and to classical physics 
was the concept of the real physical world containing 
things which could be subjected to certain aspects of 
experience. The result was measurements which de- 
scribed the things, which reflected the reality of the things. 

The concept of physical relativity grew from a con- 
sideration by Einstein of the contradictions of Newton’s 
law of the force exerted between two bodies. His 
studies related primarily to electrical, gravitational, 
and magnetic fields and to the fact that these fields are 
all of different character and do not influence one an- 
other, yet a changing magnetic field is always accom- 
panied by an electric field and vice versa. These facts 
led Einstein to the attribution of energy to the field 
and to the creation of the “‘general field concept.’ 


1 Presented as part of the Symposium on Recent Advances in 
Medicinal Chemistry before the Divisions of Chemical Education 
and Medicinal Chemistry at the 128th Meeting of the American 
Chemical Society, Minneapolis, September, 1955. 


The Concept As It Relates to 
Chemotherapy and Pharmacology 


GUSTAV J. MARTIN 


The National Drug Company, 
Philadelphia, Pennsylvania 


The discoveries that electromagnetic waves travel 
with the speed of light and that the field once created 
leads an independent existence were further factors 
destroying the classical concept of events in nature as 
being always related to forces acting between material 
particles. In some measure the final downfall of the 
rigidity of Newtonian physics came with the develop- 
ment of the special theory of relativity which related 
to the necessity for the selection of a frame of reference, 
a coordinate system. In Galilean relativity, the me- 
chanical laws are valid and apply to all inertial systems 
moving relative to each other. Thus, one pillar or one 
assumption upon which special relativity is based is 
Galilean relativity. The other pillar is that the veloc- 
ity of light in vacuo is the same in all coordinate sys- 
tems moving uniformly relative to each other. 

From this starting point, the concept of a four-dimen- 
sional space-time continuum grew and this concept 
states that space and time cannot be considered sepa- 
rately in different coordinate systems. Time and 
space are changed in passing from one coordinate sys- 
tem to another. 

The philosophical implications of the concepts of 
relativity have been well described by Dingle (1) in 
“The Sources of Eddington’s Philosophy.” In the 
broader sense, Dingle relates classical physics to a real 
external world in which objects exist and the goal of 
science would be that of the discovery by measurement 
of this external world. The modern world of relativis- 
tic physics completely reverses this concept. Today, 
measurements are regarded as variant in accordance 
with the system of measurement, and absolute only if 
the body or thing being measured has no motion what- 
ever. This latter condition being nonexistent, the 
measurement of a body (such as a determination of its 
length) must be a function of its motion and thus no 
absolutes exist. 

From this point, the conclusion can be reached that 
measurements are not properties of things and that 
physics is not the investigation of the nature of the 
external world. Physics then relates to a system in 
which observations are made and from these observa- 
tions a world is constructed which satisfies them. This 
constructed world may or may not bear any specific 
relationship to what might be called the real external 
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world. The constructed world bears some relation- 
ship to the real world, but it may be no more than 
symbolic. In any event, the concept of relativity re- 
lates to the basic idea that measurements create our 
concept of things and destroys the idea that there are 
in the world things or objects which can be measured 
in an absolute sense. 

To me as a biologist, the statement of Kahn (2) on 
relativity in his ‘Design of the Universe” is classic. 
“Thus time and space, past and future are interwoven 
into a deceptive fabric. . . . Our picture of the universe 
is not purely fictional but neither is it objective. There 
is no such thing as truth in human science. That is 
why Alfred Whitehead said, ‘Exactness is fake.’ ” 


BIOLOGICAL RELATIVITY 


. Biological relativity does not possess, at its present 
state of development, the ramifications of physical 
relativity but it does possess a structure which repre- 
sents the underlying feature of chemotherapy and 
pharmacology. 

The first and major tenet of the concept states that 
there are no absolutes in biological systems. This is 
diametrically opposed to the modified vitalistic ap- 
proach which has in my opinion tended to restrain the 
development of biology. Biological relativity is a 
mechanistic approach but is not intended to be re- 
stricted to mechanism. It states simply that there is 
no ion, no molecule, no macromolecule which in and of 
itself possesses a single biological function and a single 
function only. Each unit of biological significance 
possesses a multiplicity of functions. 

It follows from this doctrine that every enzyme must 
function in a multivalent manner. As an example of 
this concept, let us first consider an enzyme such as 
chymotrypsin and by a consideration of its multivalence 
develop relativity in this sphere. Chymotrypsin has a 
total of ten different demonstrated enzymatic activities. 
Sevag (3) lists these as being: rennet proteolytic, pro- 
teinase, amidase, esterase, hydrazidase, hydroxamidase 
activities, catalysis oxygen transfer in certain systems, 
hydrolysis carbon-to-carbon bonds, and catalysis anti- 
body formation. 

Automatically, the multivalence of any given enzyme 
carries with it the corollary of multiplicity of substrates. 
But relativity extends beyond the point of multiplicity 
of substrates to the necessity for substrate multiplicity 
with respect to a given receptor site on the protein- 
enzyme moiety. Sumner and Somers (4) list as sub- 
strates for carboxylase: pyruvic acid, alpha-keto- 
butyric acid, alpha-ketovaleric, and alpha-ketoiso- 
caproic acid. Many other such examples could be 


quoted but one seems adequate for the present purpose. . 


Further, the limitations of specificity as determined 
under a specific environmental situation will not reflect 
fully the lack of specificity of the substrate system. 
There may well be listed in the literature enzymes with 
so-called specificity, but this would not alter the basic 
issue that this specificity is related only to a specific 
system of measurement. It seems well within the 
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realm of possibility that Sevag’s contention (5) that 
any protein in the proper environment is an enzyme 
can be reflected in the reverse statement that the sub- 
strate creates the enzyme. It is at this point that 
another fundamental contention of biological relativity 
comes to the fore. The concept indicates that biolo- 
gists in a manner precisely paralleling that of the physi- 
cist are making measurements and extrapolating those 
measurements to the pre-existence of an enzyme, while 
in reality they are creating the enzyme by the method 
of measurement. The parallelism is complete in that 
the structure created to fit the measurement is perhaps 
no more than a symbol of the structures actually in- 
volved. 

Biological relativity is the principle underlying the 
very existence of pharmacology and chemotherapy. 
In a similar sense, it is the foundation of medicinal 
chemistry. If specificities were 100 per cent, the fit of 
cofactor to protein surface structure would be so close 
as to deny entrance to any structure not so designed. 
The medicinal chemical! is one which, by virtue of re- 
lated structure, possesses a relative degree of affinity 
for a receptor or reactive site and so modifies the action 
of the protein moiety possessing that site. Biological 
antagonism, which is a subdivision of the general con- 
cept of biological relativity, is the key to this action. 
From this point of view, the two great classes of biolog- 
ical antagonists are the natural and the synthetic. 
The study of the natural antagonists is the science of 
physiology and biochemistry; the study of synthetic 
antagonists is the science of pharmacology and chemo- 
therapy. 

Just as biological relativity dictates the absence of 
100-per cent specificities in any natural system so it 
must, to be accurate, deny the existence of any 100-per 
cent specificities in the spheres of pharmacology and 
chemotherapy. Any consideration of structure as re- 
lated to spheres of pharmacological activity shows 
clearly the absence of specificity and once again it is the 
relativity of the molecular types involved which be- 
comes apparent. ; 

There are other subdivisions of the concept of biolog- 
ical relativity which are applicable, but more remotely, 
to the sphere of medicinal chemistry and will therefore 
be referred to only in brief. Biological time related by 
Eddington and by Blum (6) to the second law of ther- 
modynamics and hence to entropy change is a relative 
phenomenon depending upon the coordinates of the 
biological system under examination. Finally, the 
concept calls for a field theory of activity in biological 
systems, which for many scientists is already accepted 
and accredited. The parallelism between the physical 
and biological relativity concepts is not accidental; 
it is no more than an extrapolation of the basic conten- 
tion that all physical laws can be applied equally well 
to biclogical systems. 

The theory of biological relativity has eight main 
propositions: 

(1) The absence of absolutes in biological systems; 
there are no 100-per cent specificities. 


Figure 1 


(2) The biological coordinates selected for meas- 
urement so modify the measurements as to create for 
the biologists a world which is not necessarily a real 
world. 

(3) Biological time is relative and an aspect of the 
biological coordinates selected. 

(4) The biological field is the essential element of 
life. The field is a reflection of a biological exclusion 
principle. 

(5) Biological systems represent no more than the 
application of statistical laws of chance to a system in 
which biological antagonisms are the dominant factor. 
Physical laws of chance as modified by organic com- 
plexity are biological fundamentals. These are the 
tenets of biological indeterminability. 

(6) The basis of evolution is biological relativity, as 
it is the absence of specificity from biological systems 
which permits those minute variations leading to in- 
dividuality and, therefore, to the feature essential for 
evolution. 

(7) Vortex concept of the living unit: life is a vortex 
in the earth stream of physiologically designed atomic 
and molecular units. 

(8) Space-time continuum as basis of origin of life. 
The concept of three-dimensionally functional molec- 
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ular units forming into an organismic whole as a func- 


- tion of time represents a system for the origin of life. 


MAN, FREE AND UNEQUAL 


If biological relativity is a fundamental law of nature 
there should be striking differences within phylogenetic 
groupings and these differences should render impos- 
sible the ultimate achievement of the dream of Paul 
Ehrlich, the ‘magic bullet.’ Statistical probabilities 
should dictate that no medicinal chemical would ever 
have 100-per cent specificity and, equally, that no 
individual should be precisely like another in reaction 
to any given chemical agent. In the practical world of 
medicine, this reduces itself to the conclusion that all 
drugs, all chemotherapeutic agents, will have an in- 
cidence of side effects of some percentage, approxi- 
mately 10-20 per cent, and that the therapeutic effect 
will never exceed some value, say 80 per cent, of theo- 
retical expectations. This may be considered as ob- 
vious but strangely little attention has ever been de- 
voted to it. 

Roger Williams (7) has given detailed consideration 
to the problem in his book “Free and Unequal.” 
This fine work is a generalization of the principle that 
all individuals are genetically possessed of certain biolog- 
ical characteristics and that the pattern of these is not 
parallel in any two persons. 

According to Loeb (8), the evolutionary pattern 
from the simplest forms to the most complex are charac- 
terized by greater and greater differences within the 
phyla. The greatest degree of individualization is 
achieved in man and a logical outgrowth of this con- 
clusion is that in man will be found the greatest varia- 
tions in response to all chemical agents, medicinal or 
otherwise. Beyond question, the tendency in biolog- 
ical science has been toward acceptance of a concept of 
biological uniformity. Perhaps in the evolution of the 
science this was a logical approach but it must be con- 
sidered within the framework of the larger concept 
which is that of biological relativity. 

As Williams (7) states, “Individuals differ from each 
other even in the minutest details of anatomy and body 
chemistry and physics: finger and toe prints; micro- 
scopic texture of hair; hair pattern on the body; ridges 
and moons on the finger and toe nails; thickness of 
skin, its color, its tendency to blister; distribution of 
nerve endings on the surface of the body; size and 
shape of ears, of ear canals, of semicircular canals; 
length of fingers; character of brain waves; exact 
number of muscles in the body; heart action; strength 
of blood vessels; blood groups; rate of clotting of 
blood—and so on almost ad infinitum.” 

Consideration of the profound variations in individ- 
ual characteristics, unrelated in an immediate sense to 
medicinal chemistry, will perhaps underscore more pro- 
foundly the variations subsequently considered in re- 
sponses to drugs. One of the most profound and 
striking examples of this is taste response to the chem- 
ical, phenyl thiocarbamide (9). This chemical causes 
taste responses in different persons varying from no 
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taste to bitter. This fact in and of itself is striking, but 
more amazing still is the fact that it is the individual’s 
own saliva that is responsible for the result. If the 
saliva of another person is used to dissolve the phenyl 
thiocarbamide, the taste to an individual who did react 
and call the chemical bitter, will now be nil (absence of 
taste). 

Variations of individual taste response are not con- 
fined to phenyl thiocarbamide. Williams (7) observed 
similar phenomena by the use of creatine; Fox (9) 
with sodium benzoate; and another group (10) with 
mannose. Furthermore, there is no reason to believe 
that there is any limitation in this series. It is quite 
possible that all persons react differently tastewise to 
all chemicals. Aspects of quantitation as well as 
qualitation would be involved with the development of 
methods of judgment of taste differentiation. 

in the world of medicine and medicinal chemistry, 
both from the standpoint of the education system and 
from that of the textbooks of the field, there has been 
an unfortunate establishment of the “patient.” This 
mythical “patient”? was uniform; his responses were 
standard and static; he paralleled his brothers in all 
things. Any consideration given to inherent varia- 
bility has been put into fine print and relegated to ob- 
scure positions. Yet, it is the variability that is the 
heart of medical practice and the very foundation of 
medicinal chemistry. Without the variability there 
could be no biology, no medicine, and certainly no 
medicinal chemistry. Williams (7) diagramed the 
metabolic pattern of individuals as is seen in Figure 1, 
and no better pictorial presentation of biological vari- 
ability is possible. Each line of the diagram represents 
some qualitative biochemical or physiological deter- 
minant (e. g., taste sensitivity or urinary pH) and the 
length of the line represents the quantitative factor. 
The diagram is therefore a biochemical and physiolog- 
ical “fingerprint.” 

As in the field of biology, so in the world of phar- 
macology and chemotherapy, there can be no 100-per 
cent specificities. Each and every molecule must 
possess multiple valence. Each and every patient will 
react differently to all facets of the multiple valence. 
It is even possible that each and every bacterium or 
other microorganism will react differently to each of 
the multiple activities of any given chemotherapeutic 
agent. 

First, the case in support of the statement that each 
and every molecule must possess multiple valence 
should be considered. There is an enormous literature 
in support of this generalization but for immediate pur- 
poses it is proposed to restrict the discussion to the 
histamine system. The histaminolytic agents possess 
in varying degree the characteristics of local anesthetics, 
antispasmodics, sympathomimetics, and sympatholytics. 
Other characteristics are possessed by these molecules 
but those listed are all held in major degree. This em- 
phasis on overlap in pharmacological activity is made 
to underline the probable structural similarity of re- 


ceptor sites for histamine, acetylcholine, and epineph- 
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rine. The neurohumoral mechanisms, like all other 
biological systems, possess only relative, not absolute, 
specificity. To repeat, there are countless other 
studies which support the theory that all molecules 
must have multivalent characteristics and that there is 
distinct overlap in pharmacological systems. 

Second, validation of the contention that each and 
every patient will, either qualitatively or quantita- 
tively, differ in reaction to any single chemical must be 
offered. From the qualitative standpoint, the entire 
subject of idiosyncrasy stands in support of our basic 
assertion. By idiosyncrasy, it is intended to restrict 
the consideration to those instances in which the phar- 
macodynamic response to a drug is modified. This 
stands as a phenomenon distinct from hypersensitivity 
which is allergic in nature. 

Here, again, the documentation in support of the 
assertion is extensive and for the present purpose but a 
few select examples need be stated. Morphine which 
usually causes depression will in some comparatively 
rare individuals bring about a state of excitement, 
accompanied by nausea, vomiting, tremors, delirium, 
and insomnia. Equally striking is the development of 
cinchonism following a single, small dose of quinine. 
In this instance, idiosyncrasy and hypersensitivity seem 
to go hand in hand as the patient undergoes cutaneous 
flushing, pruritis, skin rashes, fever, gastric distress, 
dyspnea, tinnitus, visual impairment, and even hemo- 
globinuria and asthma. 

From the quantitative standpoint, it is difficult to 
document the assertion that all persons will react 
differently as the effort required to check quantitatively 
even a few hundred persons is very great. But, once 
again, documentation is extensive and rather than 
cover the subject one example has been selected. It 
concerns Figure 2 from the work of Hanzlik (10) show- 
ing the amount of sodium salicylate taken before toxic 
symptoms appeared in a series of 300 male patients. 
From Figure 2 it can be seen that 66 per cent of the 
group responded to doses between 6.5 and 13.0 grams 
but the variations in response dose ranged from ap- 
proximately 3 to 30 grams. 

It can be stated that this scattering of dose-response 
is a phenomenon known to all practitioners of medicine 
and yet it is a strangely neglected aspect of knowledge 
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which forms another cornerstone for the general struc- 
ture of the concept of biological relativity. 

Before passing to a consideration of the third asser- 
tion, it should be stated that the clinician and phar- 
macologist has from the beginning been dealing with an 
aspect of biological relativity when he discusses thera- 
peutic ratio. This ratio has become to the medical 
scientist his coat of arms. It is the symbol by which 
he theoretically constantly retains in his mind the fact 
that positive effects are always accompanied by nega- 
tive and undesirable side effects, but in general, he has 
not retained this sound idea and the meaning of the con- 
cept slips away the more the medical scientist becomes 
the medical practitioner. Dr. L. Meyler of Holland 
has recently published a book entitled “Side Effects of 
Drugs” (11) which beautifully illustrates the impact of 
relativity on the incidence and types of undesirable 
reactions to drugs. In a plea for diagnosis first and 
treatment afterward, he quotes a poem which appeared 
in the Denver Times. 


Mother, mother, I am ill. 

Call the doctor from over the hill. 

In came the doctor, in came the nurse, 

In came the lady with the alligator purse. 
Penicillin, said the doctor, 

Penicillin, said the nurse, 

Penicillin, said the lady with the alligator purse. 


Whether or not this is poetic excellence, the rhyme 
does carry a sound principle as is reflected in the in- 
cidence of side effects from penicillin. Table 1 shows 
general headings of the 11-page list in the volume by 
Meyler. 

This listing is included to illustrate the relativity 
principle in a consideration of toxicity. All drugs and 
chemotherapeutic agents will in some measure be toxic 
in therapeutic dosages. Penicillin was originally con- 
sidered to be completely nontoxic and yet the list of its 
toxic action covers some 11 pages in Meyler’s book. 
There is no intent to discredit penicillin or any other 


TABLE 1 
General Classification of Penicillin Side Effect 


ns similar to those in serum disease 
Skin manifestations 
Angioneurotic oedema 
General symptoms 
Pain 
Cerebral symptoms 
Peripheral neuritis 
Mucous membranes 
Pulmonary symptoms 
Heart 
Renal symptoms 
Blood changes 
Vascular changes 
ye 
Mouth 
Genital organs 
Herxheimer’s reaction 
Allergic symptoms 
Oral reactions 
Local contact 
Intrathecal penicillin therapy 
Some complications connected with the site of penicillin injection 
Infections as a result of penicillin treatment 
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drug, rather to stress the underlying principles of 


' biological relativity which dictates the automatic ac- 


companiment of good and bad effects in all molecular 
units. 

Necessity for consideration of biological variability 
in the analysis of clinical results is emphasized by re- 
cent studies of placebos and placebo reactors. Jellinek 
(12) and Beecher, et al. (13) have studied the subject 
extensively with the resultant classification called 
placebo reactor, 7. e., the patient who apparently has a 
basic inability to discriminate between active drugs and 
inert substances. Eliminating these reactors from one 
study showed that oral aspirin could be demonstrated 
to be superior to placebo but that oral morphine and 
codeine could not. Biological relativity complicated 
the picture of accurate clinical evaluation in terms of 
the positive effects of drugs and, in addition, compli- 
cated the reactions of patients with respect to side 
effects. Wolf and Pinsky (14), in a carefully controlled 
double-blind study on patients with anxiety-tension 
states, found that 10-20 per cent developed toxic re- 
actions to placebo medication. It is not improbable 
that the mood of the patient, whether natural or drug- 
induced, will markedly modify both positive and nega- 
tive reactions to a given chemical agent. 

The third assertion relates to the statement that each 
and every bacterium will probably react differently to 
each of the multiple activities of any given chemo- 
therapeutic agent. In the interests of brevity, no 
attempt will be made to review this sphere of docu- 
mentation. Natural resistance to sulfonamides—and 
the discussion will be confined to sulfonamides—is a 
well known phenomenon. Susceptibility varies over an 
extremely broad range, and it has been suggested that 
this is due to two factors: ability of the microorganism 
to synthesize sulfonamide antagonists and diffusion of 
these antagonists once they have been synthesized. 
It is assumed that, with few exceptions, this mech- 
anism is dependent upon synthesis of p-aminobenzoic 
acid and/or its incorporation into the pteroylglutamic 
acid molecule. 

Enzyme formation as it relates to bacterial adapta- 
tion is a manifestation of the variation in the response 
of the individual cell to a modification in its environ- 
ment due to the chemotherapeutic agent or other 
substrate change. A concrete example of this is the 
isolation from the survivors of a bacterial population of 
individual subcultures varying in the measure of resist- 
ance acquired to the agent of exposure. Whether one 
subscribes to the concept of physiological postadapta- 
tion or to that of genetic preadaptation as the accepted 
doctrine explaining bacterial resistance to inhibitors, 
there can be little question of the inherent variability of 
the individual cells to adapt. 


BIOLOGICAL ANTAGONISM 


Medicinal chemistry can most properly be desig- 
nated as an aspect of selective toxicity (15). Further- 
more, inasmuch as medicinal chemistry deals with 
pharmacology and chemotherapy, it can also be con- 
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sidered as a subdivision of the general theme of biolog- 
ical relativity, namely, biological antagonism, in the re- 
stricted sense of those agents which are foreign to the 
economy of the body. Albert (15) generalized on the 
concept of selective toxicity by stating that it repre- 
sented an effort to distinguish uneconomic from eco- 
nomic species. In reality, he is entirely correct in con- 
sidering chemotherapy, pharmacology, and weed con- 
trol in the same category. 

Biological antagonism (16) with reference to chemo- 
therapy and pharmacology is reasonably familiar to all 
at this juncture but its relationship to botany has not 
been properly emphasized. Perhaps it is best to con- 
sider briefly one metabolite, tryptophan, which is com- 
mon to both the animal and plant kingdoms, and to 
give a thumbnail sketch of the present status of biolog- 
ical antagonism of this amino acid in systems other 
than the plant. Antimetabolites are known which 
prevent the biosynthesis of the amino acid and inter- 
fere with its incorporation into protein; theoretically, 
it should be possible to interfere with the function of 
the formed protein in specific relationship to the struc- 
tural contribution made by the amino acid. 

Specifically, tryptophan metabolite inhibitors are 
known for every stage in its biosynthesis and for its 
incorporation into protein. Methylated anthranilic 
acids inhibit the conversion of anthranilic acid into 
indole; methylated indoles prevent the formation of 
tryptophan from indole; and the methylated trypto- 
phans block the incorporation of the amino acid into 
the complex protein molecule. 

The same metabolite analogue which blocks trypto- 
phan synthesis by LZ. coli stimulates the destruction of 
this amino acid by tryptophanase. Indole acrylic 
acid is, therefore, an example of an antimetabolite 
which prevents the formation of a given factor and yet 
facilitates its destruction. This same bacterium, £. 
coli, is able to convert tryptophan, as a defensive mech- 
anism which is the chemical cofactor for virus adsorp- 
tion, into indole, a molecule which displaces or inhibits 
this adsorption. These points should lead to the use of 
tryptophan displacers with purine antimetabolites in 
the chemotherapy of the virus diseases. The trypto- 
phan molecule offers potentialities as a model for the 
design of displacers through modifications in the ring 
systems, through substitution or ring displacement, or 
by change in the alanine side chain. All of these 
potentialities have been realized—5-methyltryptophan 
characterizing those, with added substituent, -3- 
thianaphthenylalanine those with ring change, and 
indole acrylic acid those with alanine side chain altera- 
tion. 

3-Acetylpyridine is an antimetabolite for tryptophan 
just as nicotinic acid is a natural antagonist for indole 
acrylic acid. Tryptophan is a known precursor of 
nicotinic acid and if this were its sole limiting function 
in a given system, the counteraction of acetylpyridine 
by the amino acid would be anticipated. But how are 
we to account for the nullification of the action of in- 
dole acrylic acid by nicotinic acid unless the mech- 


anism is reversible and nicotinic acid functions as a 
precursor for tryptophan under conditions of metabolic 
stress? 

Application of the theories of biological relativity and 
antagonism to the sphere of botany have been limited 
but the potentialities are tremendous. The plant 
growth substances of which indole acetic acid is the 
best known and the function of which is the most 
clearly defined are by definition limited to those 
chemicals promoting cell elongation. These factors 
are peculiar to botanical biochemistry, playing no 
known role in the physiological economy of the animal 
or of the microorganism. Indole acetic acid serves 
well to tie together the features of biological antagonism 
in the plant and animal worlds as it is enzymatically 
produced in the plant from the amino acid, tryptophan. 
This point has been established both by feeding plants 
by infiltration of large amounts of tryptophan, and sub- 
sequently isolating increased quantities of indole acetic 
acid, and by the isolation from plants of enzymic prep- 
arations capable of converting the amino acid into the 
plant hormone via the intermediate, indoleacetal- 
dehyde. 

If the concept of biological antagonism is capable of 
universal application there should be both natural and 
synthetic antagonists for the plant hormone, indole 
acetic acid. Skoog, et al. (17) first reported a synthetic 
inhibitor, y-phenylbutyric acid, to be effective in re- 
ducing the action of indoleacetic acid when the latter 
was applied to Avena (oats) in the standard curvature 
test system. In this same testing procedure, 2,4- 
dichlorophenoxyacetic acid (18) and _ tri-iodobenzoic 
acid (19, 20) were demonstrated to be effective in- 
hibitors. These three examples establish the existence 
of synthetic inhibitors of naturally occurring plant 
growth hormones, but the present state of knowiedge 
relative to the natural inhibitors is less clear. 

Some light has been thrown on this problem as a re- 
sult of efforts of Naylor (21) and of Bonner and Thurlow 
(22) who found that indole acetic acid interferes .with 
flowering; they also offered evidence that plants them- 
selves produce natural antagonists for the auxins, 
e. g., indole acetic acid. Flowering, these investigators 
conclude, is regulated by biological antagonism as 
manifested in the balance between the auxins and their 
natural antagonists in the plants. 

It is thus a matter of record that both natural and 
synthetic inhibitors of-plant growth hormones do exist. 
The number of the synthetic members of the group is at 
the present time comparatively small and it is to be 
anticipated that large numbers of such chemicals exist. 
Interest in the balance of biological antagonisms con- 


-trolling flowering and other manifestations of plant 


growth is due to its economic importance. For ex- 
ample, in the pineapple growers industry, harvesting 
techniques and machinery can now be employed due 
to the use of synthetic antagonists and stimulators for 
flowering. In the realm of the natural antagonist it is 
to be anticipated that the chemical identity of the 
multiple antagonistic factors will be disclosed and these 
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TABLE 2 
Connection Between Ionization and Antibacterial 
Activity in a Set of Triphenylmethane Compounds 


R’s Staph. aureus, 
(all pKa pH 24 hours at 


Substance four) (equil) 7.3 37°C. and pH 7.3 


Doebner’s violet 
Malachite green 
Brilliant green 


H 
CH; 
C.Hs ; 80 1 in 1,280,000 


structures subsequently will be used as models for the 
design of chemicals controlling in large measure every 
aspect of plant growth of significance to the economic 
world. 

Thioctic acid, variously designated as protogen or 
lipoie acid, which is chemically 6,8-dithiooctanoic acid, 
is the most recently isolated of the botanical biochem- 
icals involved in the photosynthetic chain. A single 
molecule of thioctic acid is contained in each of the grana 
in conjunction with 1000 chlorophyll molecules (23) and 
is responsible for energy transfer from the quantum- 
activated chlorophyll molecules by virtue of a favorable 
redox potential lipothiamide. This is the latest bo- 
tanical biochemical used for the design of antagonists 
and one such has been reported, 8-methylthioctic acid 
(24). 

CH: 


8-Methylthioctic acid 


CH—CH,.CH:CH:CH:COOH 


Thioctic acid 


This thioctic acid antagonist has been produced by 
the introduction of a single methyl radical into the 
molecule. It gives the impression that the introduc- 
tion of single units modifying the pictorial configura- 
tion of the molecule forms the basis for the creation of 
antagonists. This is not the case, as a brief considera- 
tion of the effects of the introduction of methyl radicals 
will show. As has been properly emphasized by Adrian 
Albert, the introduction of any substituent into a molec- 
ular unit of biological significance will modify its 
activity not only in accordance with the spatial charac- 
teristics but also in accordance with redox potential 
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changes and in relationship to solubility and acid dis- 


‘sociation constants. 


The introduction of a methyl radical into the 2- 
position on the nicotinamide molecule will completely 
nullify its activity. This is explained as a function of 
the inductive effect of the 2-methyl unit which will 
transmit electrons to the adjacent quaternary nitrogen, 
hindering the redox function of the nitrogen which is 
essential to its action as a coenzyme. Similarly, 
heteroauxin has its powerful biological effect nullified 
by the introduction of a methyl group in the 2-position. 
In these instances, the methyl substituted forms of 
these biologically important molecules are not antago- 
nists; they simply possess no activity of significance. 

By direct and marked contrast, the introduction of a 
2-methyl group into the group of K vitamins produces 
2-methyl-1,4-naphthoquinone which is a very powerful 
vitamin factor possessing essentially no activity in the 
absence of the methyl] radical in this position. 

The first of the folic acid antagonists which we syn- 
thesized in 1947 (25) was created by the insertion of a 
methyl radical inte the 7-position. This methylfolic 
acid antagonized all of the normal biological actions of 
the growth factor; this is one of the few examples 
wherein a metabolite antagonist is created by the 
substitution of a methyl radical for a hydrogen atom. 

In general, the effect of the insertion of a methyl 
radical into a molecule is an inductive modification of 
pK values. Acids are decreased in strength and bases 
increased, with the result that, if the chemotherapeutic 
or pharmacological effect is that of an ion (as distinct 
from the neutral molecule), modification in action will 
result proportionate to this shift in pK. Albert (15) 
gives as an example of this the correlation of the anti- 
bacterial action of the triphenylmethane series studied 
by Goldacre and Phillips (26) in which basicity increase 
is a direct function of activity (Table 2). 

Thus, the introduction of a simple substituent such 
as a methyl group can create, nullify, or modify biolog- 
ical activity. 

To underscore this reduction in the significance of 
pictorial similarity of molecules, a further example 
from the work of Adrien Albert (15) can best be utilized. 
His classic investigation of the positive correlation be- 
tween ionic strength and acridine antiseptic efficacy 
was extended to demonstrate the significance of molec- 
ular geometry in any consideration of selective toxic- 
ity. The third dimension is of the greatest impor- 
tance in medicinal chemistry and yet in the broader 
sense, we still tend to think in terms of two-dimen- 
sional pictorial representations drawn upon the nearest 
available flat surface. 9-Aminoacridine can easily be 
hydrogenated to its tetrahydro derivative and when 
this is done the antibacterial action essentially van- 
ishes. Albert constructed by the use of Hirschfelder 
models, which accurately reproduce the correct inter- 
atomic and van der Waals distances, representations of 
the three-dimensional forms of 9-aminoacridine and its 
tetrahydro form. Examination of these models re- 
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vealed that the molecular units appear similar when 
viewed from one plane but not from another. The 
area of geometric flatness, essential to the action of the 
van der Waals forces in fixation of the agent on its 
functional site, is so reduced by hydrogenation as to 
markedly reduce the antibacterial action. 

Pictorial similarity in the absence of detailed knowl- 
edge of ionization constants, redox potential, geo- 
metric three-dimensional form and similar factors can- 
not be regarded as a sound basis for the creation of de- 
signs for new chemotherapeutic and pharmacological 
agents. Another concept rather commonly held in 
medicinal chemistry relates to the probability that 
undesirable side effects tend to be minimized in simpler 
molecular units. It is reasonable to assume that side 
effects are related in the larger sense to multiplicity of 
reaction surfaces on a given molecular unit which 
might correspond in design to similar surfaces on pro- 
tein units. This assumption leads automatically to 
the conclusion that the simpler molecule with its 
smaller number of reaction sites will, in fact, cause 
fewer side effects. In general this is correct; the sim- 
plification of the cocaine molecule in passing to that 
of procaine reduces potency by a factor of ten and also 
reduces side reactions. A similar situation holds for 
the simplification of atropine to molecules of the type of 
Syntropan or Trasentin. However, the comparatively 
difficult aspects of clinical testing render even to this 
day no assurance of the superiority of the simple mole- 
cule over the complex in terms of totality of effect. 
Medical practice has seen the creation of literally 
hundreds of new antispasmodic molecules, but the more 
recent studies tend to indicate that tincture of bella- 
donna is superior to all. The probability is great that 
in focusing attention on certain therapeutic properties 
and on certain side effects the total action of the molec- 
ular unit has been neglected. It may be stated that 
no single molecule has ever been studied totally in terms 
of human pharmacology. Biological relativity dic- 
tates that no molecular unit will possess only a single 
pharmacological activity and that no two persons will 
react to any given molecular unit in a precisely parallel 
fashion. From these two basic factors, clinical efficacy 
could be determined only on a basis of statistical prob- 
ability and the multiplicity of prime factors for consid- 
eration would render impractical the actual deter- 
mination of even a sound statistical probability pattern 
for any given drug. This is the dilemma of modern 
medicine and we should all like to ignore it, but if the 
dilemma has a resolution—and I think it has—we 
must mount an offensive with full knowledge of the 
magnitude of the problem and not attempt to avoid 
the major issue by attacking any small segment thereof. 

The factor of molecular complexity and multiple 
reaction sites is well reflected in a consideration of 
oxythiamine and neopyrithiamine. A direct com- 
parisén of oxythiamine and neopyrithiamine was made 
by Eusebi and Cerecedo (27) with neopyrithiamine 
found to be the more powerful antagonist. 
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Cl 

N7% CH,—N—C—CH, 

|? 
CH;—!2 3 5 

Oxythiamine 

4-methyl-5-8-hydroxyethyl-N- 
[(2-methyl-4-hydroxypyrimidy]-(5) )-methy] ]- 

thiazolium-chloride-hydrochloride 


Cl 
CHs— oN He | 
: HCl CH C—CH:—CH:—OH 
Thiamin 


aminopyrimidy]-(5) )-methy] ]-thiazolium- 
chloride-hydrochloride 


CH; 
Br | 
CH; CH.—OH 
| 
HBr 
Pyrithiamine 


1-[ ]-2-methyl- 
3-(beta-hydroxyethy])-pyridinium-bromide- 
hydrobromide 
In this instance a ratio of thiamine to antagonist of 
1:50 was used. Strikingly enough, oxythiamine pro- 
duced no polyneuritis but the animals died in from 13 
to 21 days. Neopyrithiamine produced a 100-per cent 
incidence of polyneuritis within seven days, and the 
survival period was from seven to eight days. The 
absence of polyneuritis in the series receiving oxythi- 
amine established the basic differences which can exist 
between biological antagonists aimed at the same target. 
The replacement of the 4-position amino group of the 
pyrimidine by a hydroxy group produced a displacer 
causing death with no polyneuritic symptoms, while 
replacing the thiazole moiety by a pyridine ring caused 

a 100-per cent incidence of polyneuritis. 

Partial explanation of the differences in selective 
toxicity between these two thiamine antagonists comes 
from the observations of Eich and Cerecedo (28) on 
isolated systems involving thiamine. Neopyrithiamine 
but not oxythiamine inhibited selectively the phos- 
phorylation of thiamine by rat-liver phosphorylase. 
The reverse situation held when the test system in- 
volved yeast. This is a striking example of biological 
relativity and of the impossibility of prediction of 
biological effects except in a relative, probability sense. 


RELATIVE ENZYME CONCENTRATION 


While biological antagonism particularly in the sense 
of metabolite antagonists has been given reasonable 
attention, the concept of relative enzyme concentra- 
tions in tissues as the basis of selective action has been 
essentially ignored. The concept proposes that the 
tissue or cell primarily affected by a chemical will be 
that one containing the smallest concentration of an 
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enzyme which is essential for normal function and sus- 
ceptible to the action of the chemical. This will hold 
whether the chemical interferes with the enzyme’s 
kinetics through substrate displacement, cofactor 
antagonism, or any other of the numerous mechanisms 
of antagonism. Differential enzymatic concentration 
is immediately and directly related to differential 
nutrilite requirement, as it seems probable that all 
essential nutrilites function by virtue of their incor- 
poration into or association with coenzyme or apo- 
enzyme. Relative enzyme concentrations will there- 
fore form the core of the future medical science; they 
will determine selective toxicity phenomena; they 
will underlie selective pharmacological and chemo- 
therapeutic activity. 

Ackermann and Potter (29) review enzymatic in- 
hibition in terms of reversibility and arrive at three 
general categories: irreversible, pseudo-irreversible, 
and reversible. This seems to be simply another way 
of stating that the principles of biological relativity are 
operative and that there are no sharp lines of distinc- 
tion in biological systems. Irreversible enzymatic 
inhibition would relate to a system in which the enzyme- 
inhibitor complex was nondissociable or relatively so 
by contrast to a reversible enzymatic system with a 
dissociation constant of greater magnitude; however, 
in those systems in which the enzyme-inhibitor dis- 
sociation constant is small, the factor of enzyme 
concentration will be of relatively greater significance 
and the familiar Michaelis-Menten equation must be 
modified to symbolize the interplay of factors. Pri- 
marily with respect to this type of system, the enzyme 
concentration in tissue will be the key to susceptibility. 

The studies of Ackermann and Potter (29) related 
primarily to succinic dehydrogenase and to inhibitors 
in two extreme categories. Quinone and copper, 
representing inhibitors combining relatively irreversibly, 
showed effects related not only to concentration of 
inhibitor but also to concentration of enzyme. Malo- 
nate or itaconate which are structurally similar to the 
substrate, succinic acid, by contrast produced an effect 
essentially proportional to the concentration of the 
inhibitor. While these extreme cases are illustrative 
of the point to be made, nevertheless enzymatic in- 
hibition should not be considered as black and white. 
There will be all gradations between the two ends of the 
inhibitor spectrum and the error made in consideration 
will be smaller, almost insignificant, in those instances 
where the dissociation is great. It does not mean that 
an error is not made when the enzyme concentration is 
ignored even in experiments involving systems of 
enzyme-inhibitor complex with maximum dissociation. 
In any system under study, it is the relativity of error 
which makes the approach or rather the methodology 
practical or impractical. This aspect of relativity of 
error in methodology and relativity of error in theory or 
concept is basic to the integration of each former con- 
cept into the new as a special case. 

As examples of the factor of relative enzyme concen- 
trations in tissues in medicinal chemistry, the case of 
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diethylstilbestrol diphosphate, hexaethyl tetraphos- 


' phate, and alloxan will be used. In the case of alloxan 


which is a general sulfhydryl inhibitor, it is most prob- 
able that the insulin-producing cells of the pancreas 
possess a lower concentration of sulfhydryl groupings 
and that primarily these are attacked. This statement 
refers to cells rather than specific enzymes but the cell 
injury doubtless relates to the destructive effect of the 
sulfhydryl inhibitor on an enzymatic system for insulin 
production. 

DuBois and Mangun (30) studied the acetylcholine 
esterase inhibition produced in various tissues following 
the injection of hexaethyl tetraphosphate into rats. 
The percentage inhibitions for brain, submaxillary 
gland, and serum were 4.5, 22, and 100. The relative 
values for enzyme concentration were 100, 28, and 10. 
From these figures it can be calculated that the absolute 
amounts of enzyme destroyed or irreversibly inhibited 
would be 4.5, 6.2, and 10.0 (Table 3). This compara- 
tively quantitative data clearly illustrates the point of 
relativity in tissue enzyme concentrations and degree of 
inhibition produced. 

The application of relative enzyme concentration to 
medicinal chemistry has as its prime example the case of 
diethylstilbestrol diphosphate. 


CH; 
—OP(OH)s 


H;C 
Diphosphate of diethylstilbestrol 


The history of this molecule has its origin in the syn- 
thesis of more soluble forms of synthetic estrogenic 
materials. The diphosphate of diethylstilbestrol was 
found to possess but a low degree of estrogenic power 
and was abandoned. At this point, Danielli (3) 
proposed that selective activity might be based on 
relative enzyme concentrations and specifically sug- 
gested that ‘“‘a drug administered as a phosphate ester 
would be likely to be inactive until the phosphate had 
been hydrolyzed away from the rest of the drug. 
Thus, such a compound might well display a high 
activity only at sites having a relatively high concen- 
tration of phosphatase, such as the kidney and bones. 
If it is true, as has been suggested recently, that tumors 
have a higher concentration of glucuronidase than nor- 
mal tissues, it is possible that a drug relatively selective 
in its action could be obtained by administration of a 
toxic substance such as a glucuronide. In the same 
way, since the cells of tumors of the prostate are com- 
monly rich in acid phosphatase, a phosphate ester 
might increase the specificity with which a drug can act 
upon this tumor.” 

The chemical was available and the idea had been 
expressed and it remained for a group of German 
workers to bring the two into a community of action. 
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Druckrey and his associates (32) had demonstrated the 
cytostatic effect of stilbestrol as being some 30 times 
that of colchicine and independent of estrogenic 
properties. The diphosphate of stilbestrol was only 
1/49 aS powerful in estrogenic activity as the non- 
phosphorylated form. 

The phosphatase activity of the carcinomatous tis- 
sue was approximately 1000 times that of the normal 
and it was found that proper pH for hydrolysis of the 
diphosphate of stilbestrol occurred only in the tumor 
tissue. Susceptibility of the molecule to the action of 
phosphatase was studied and it was found that the 
phosphorylated stilbestrol was split by acid phos- 
phatase more rapidly than phenylphosphate or glycero- 
phosphate. 

Final testing of the diphosphate of diethylstilbestrol 
in the clinics of Germany has established beyond 
much question the merit of the therapy. It is suscep- 
tible to biochemical control inasmuch as determinations 
of serum acid phosphatase directly reflect the clinical 
state. Many patients with metastases completely re- 
fractory to the action of estrogens have been con- 
trolled by means of the diphosphate. Furthermore, 
feminization does not occur with the diphosphate and 
it does with straight estrogens. There is little value in 
extending consideration of the clinical efficacy of this 
drug. Suffice it to say that the documentation is ex- 
tensive and adequate to establish the merit of the gen- 
eral approach. 

Thus, medicinal chemistry has at its disposal multi- 
ple approaches to chemotherapy all of which are based 
fundamentally upon biological relativity. 


BIOLOGICAL INDETERMINABILITY 


The medicinal chemist has as his traditional approach 
a consideration of the two-dimensional structural for- 
mula and this is clearly but a minute fraction of the 
total problem. The future for the medicinal chemist 
lies in protein structure and in a knowledge of the sur- 
faces presented by those structures for reaction with 
simpler molecular units. A brief review of the present 
state of knowledge of protein chemistry combined with 
a consideration of forced configurations leads to the 
conclusion that both biologist and medicinal chemist 
are faced with a principle of bioiogical indetermin- 
ability and with a biological exclusion principle. 

The ultimate magic of nature is in the largest sense 
revealed in the microcosm and in the macrocosm. Of 
all the magical treasures of the microcosm none ex- 
ceeds that of the seven-strand cables of seven-strand 
cables of peptide sequences of amino acids. In con- 
sideration of the significance of the number seven, one 
is, out of the beauty of the protein helix, compelled to 
view it with renewed respect. 

Into the warp of the classical pattern of the peptide 
union of amino acids, constituting as it does the back- 
bone of the protein molecules, many scientists and 
particularly Linus Pauling have woven the woof of the 
compound helix structure. X-ray diffraction tech- 
niques provided the methodology for these investiga- 
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TABLE 3 
Enzyme Concentrations and Relative Degree of Inhibition 
Sub- 
maxillary 
Brain gland Serum 

Relative enzyme concen- 

tration 100 28 10 
% Inhibition 4.5 22 100 
“Absolute” amount of 

enzyme destroyed 4.5 6.2 10.0 


Enzyme = cholinesterase 
Inhibitor = hexaethyltetraphosphate 


tions, an early phase of which related to the coplanar 
characteristics of the amide groups. The six atoms of 
the amide grouping, lying as they do in a common 
plane, are comparatively rigid and susceptible to no 
more than slight distortion. From this point, there 
were potential structures related to trans or cis con- 
figuration of these groups and the trans seemed to offer 
the greatest thermodynamic stability. This conclu- 
sion led Pauling and his associates to the next major 
step, namely, the probability that the amide groups 
form so-called hydrogen bonds with other amide 
groups. With these basic observations and con- 
clusions, the geometric pattern most probable from all 
standpoints was that of the alpha-helix. In this 
masterpiece of natural design, there are 3.6 amino 
acid units per turn of the helix, 5.4 Angstrom units 
between turns, and the entire helix has a diameter of 
10.5 Angstrom units. The complexity of design re- 
lating to this unit would seem to stagger even the 
ingenuity of nature but she extends herself to twist 
helix forms about one another. The resultant com- 
pound helix forms take the shape of seven-strand cables 
with diameters of 30 Angstrom units. In this marvel 
of geometric pattern, there are six strands wound about 
a central core strand. Finally, seven of these seven- 
membered strands are woven into a macrodesign and 
ultimately as in a bacterial flagellum three of the seven- 
membered units comprising seven compound helix 
forms are seen. Furthermore, this tapestry of threads 
is a logical outcome of the laws of symmetry. 

This is atomic and molecular biology in one of its 
finest manifestations. Complexity is beautifully blended 
with simplicity in the creation of a master plan of 
living matter. The implication is not intended that all 
of the approximately.-100,000 different kinds of pro- 
teins in the human body or the astronomical numbers of 
proteins constituting other living systems are of this 
particular design, but it seems to be the common pat- 
tern of all of the fibrous proteins, such as those that 


occur in hair, fingernail, horn, epidermis, fibrinogen, 


bacterial flagella, etc. 

From a consideration of the complexity of dimen- 
sionality conferred on protein structures—not only by 
the differences in the alpha-carbon substituents other 
than the amino and carbonyl, and by the sequential 
arrangement of these substituents, but also by the 
geometrical pattern and design of the macroform—it 


‘ 
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is not difficult to comprehend the confusion that is 


likely to ensure in a consideration of the reaction of any ° 


unit, such as a pharmacological agent, intended to react 
with some specific site on the surface of such a complex 
structure. To add even greater complexity, the pro- 
tein macromolecular and compound macromolecular 
units are dynamic not only in interchange of amino 
acids but in modification of the gross geometric pattern 
which is assumed. The environment determines the 
macroform and possibly even in some measure the 
amino acid sequence. The environment determines 
the surface pattern exposed to pharmacological agents 
as it will determine the gross geometric pattern of the 
seven-strand seven-strand coil of protein units. The 
terminal position to be assumed from this consideration 
relates entirely to the unpredictability of action of 
pharmacological agents unless the precise nature of the 
environment is known. Form and structure, essential 
elements of symmetry, are determinant in pharmacolog- 
ical action and these are created by environment from 
the plasticity of protein moieties. This, then, is the 
dilemma of the modern pharmacologist. 

When the rigidity of the Newtonian universe was dis- 
placed by the brilliant elasticity of Einstein’s relativity, 
the physicist was at one and the same time freed and 
chained. Relativity and the general concept of mass- 
energy equivalence combined with the Heisenberg prin- 
ciple of indeterminability created the “physicist’s 
dilemma.” The electron was wave and _ particle. 
Certainty gave way to probability. 

There seems some reason to believe that the physi- 
cist’s dilemma is reflected in a parallel Mayan veil for 
the biologist. It has been comforting in view of the 
basic complexity of the protein molecule for the bio- 
chemist to consider a crystalline protein as being 
homogeneous, as being composed of macromolecular 
units each of which was exactly similar to the others. 
From the general concept of biological relativity, such 
precise duplication should be improbable. In any 
given population of protein macromolecules, the 
number precisely duplicating one another would be 
some probable mathematical formulation. The homo- 
geneous should in fact be heterogeneous. Certainty 
should give way to probability. And this is indeed the 
case. Microheterogeneity of protein (33) has been 
demonstrated. The molecules of the most carefully 
prepared protein from a single source are found to 
differ in molecular shape, weight, configuration, and 
solubility and even in biological activity. 

The biologist’s dilemma then arises from the fact 
that he must deal not with specific protein chemical 
structures but with probabilities. If he examines a 
given molecular protein population, he cannot hope to 
arrive at other than the most statistically probable 
configuration and structure. Molecular biology thus 
becomes a probability phenomenon and acquires 
indeterminability. 


BIOLOGICAL EXCLUSION PRINCIPLE 
The exclusion principle of Pauli stated in a qualita- 
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tive manner is that the presence of the first electron in 
an atomic structure so modifies the physical state as to 
force the second into a different state of motion than 
would be called for by the quantum laws of motion, 
Margenau (34) has related this principle of exclusion 
to biological systems and proposes that it offers a way 
of understanding why entities in a system show laws of 
behavior distinct from the laws governing them as in- 
dividuals. 

Recently, Schubert (35) has indicated the importance 
of forced configuration (36) in necessitating abandon- 
ment of the lock and key analogy of Emil Fischer, 
Schubert states that “the key does not have to fit the 
lock exactly, because the forces exerted by the spatial 
and direction requirements of valence bonds enable the 
lock or the key to change dimensions so as to accom- 
modate each other.”” Forced configuration is a stress 
situation in chelate units related to a situation in which 
distortion of metal bonds occurs as a result of environ- 
ment. This is certainly a biological exclusion prin- 
ciple and may, as Schubert indicates, be a requirement 
for enzymatic activity. Furthermore, if the deform- 
ing properties were sufficiently powerful (a likely prob- 
ability) the relative specificity of the enzyme could be 
altered. The medicinal chemist is faced with the 
necessity of consideration of the “altogetherness’’ of 
any system which it is desired to modify by means of 
any molecular unit. Protein microstructure is not 
enough, the macroform must come into consideration 
and the microheterogeneity of proteins forces realiza- 
tion that structures of this degree of complexity are 
statistical probabilities and not fixed, rigid homoge- 
neous molecular populations. Biological indetermin- 
ability is a direct extrapolation of microheterogeneity 
of proteins. Finally, the existence of a biological ex- 
clusion principle must be considered. Any factor 
added to a system modifies the totality of the system 
which is never simply the sum of its parts; each molec- 
ular species added to the system modifies the be- 
havior of all other molecular units in the system. 

There is little question that our general approach 
to medicinal chemistry is being modified with stagger- 
ing rapidity. What seemed a movement toward a 
rigid clarity must be supplanted by the comparative 
confusion of relativity. Biology can only be said to be 
in a primitive state, but it is emerging and the next few 
years will startle the world of classical biology. 


CONCLUSIONS 


The concept of biological relativity with complete 
documentation cannot be presented in a comparatively 
short space of time and I have endeavored to offer only 
those aspects which seem most directly related to 
medicinal chemistry. Much too much of our total 
scientific effort is devoted to analysis, and this is im- 
portant and essential, but of equal or possibly even 
greater importance is integration. Biological relativity 
is an attempt at integration in a field of scientific en- 
deavor still in a primitive state of development. In 
this presentation an effort has been made to emphasize 
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the limitations and the dilemmas of modern medicinal 
chemistry. 

It is not intended to suggest that there is any strict 
limit to the future of this sphere of activity; it is in- 
tended to suggest that there is a practical limit to this 
or any other sphere of intellectual endeavor. ‘Won- 
der drugs” will continue to appear but not with the 
frequency of the past 20 years. The probability is 
good that the golden age of medicinal chemistry will 
draw to a close within another 10 or 20 years. De- 
velopments of significance beyond that point must see 
the medicinal chemist integrating all science in the 
resolution of his problems; he will no longer be able to 
contribute via the process of creation of hundreds of 
molecules bearing pictorial relationship to pharmacolog- 
ical agents of natural origin. 

It is my belief that biological relativity has universal 
application and that consideration of its tenets may be 
of value in the resolution of the future problems of 
medicinal chemistry. Relativity in the worlds of 
biology, physics, and philosophy is the sole absolute. 
The dictionary defines the word “absolute” as “free 
from imperfection; as nearly independent as possible 
of arbitrary standards or of properties of special sub- 
stances or systems: absolute zero of temperature.” 
The Einstein concept of relativity declares there are 
no physical absolutes. The theory of biological rela- 
tivity declares the absence of any biological absolutes. 
Philosophy has long declared the impossibility of ab- 
solute truth, leaving a relativity of truth. From 
definitional semantics, there are no absolutes. From 
extensional semantics it can be stated that the only 
absolute in the universe is relativity. 
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FINDING THE REST POINT OF A BALANCE 


T ue determination of the rest point of the undamped 
analytical balance is one of the critical steps in gravi- 
metric analysis. Chemistry students are taught that 
the rest point (also called the zero point or the center of 
swings) is calculated by reading an odd number of dis- 
placements, averaging the displacements to the right 
and the left separately, and then averaging the two 
averages. This calculation is taught as a rule and the 
student is never certain that some other method could 
not be used. 

All textbooks give instructions for the procedure. 
Fales and Kenny offer a proof.? Stacy* writing in 
THIS JOURNAL has offered another proof as well as re- 
viewing that of Fales and Kenny. Yet neither of 
these answer the student’s question: ‘What is wrong 
with an even number of readings?” While the chem- 
istry course cannot go into the mathematical physics 
of the proof, it can give the student an opportunity to 
work out the algebra of the rest point calculation. 
This can readily be done if the terms of the exponentials 
of the Fales and Kenny proof are presented in chart 
form. 

Consider five displacements of the pointer. The 
readings represent the maximum displacement from 
the true rest point during each swing. The distances 
from the rest point are S,.. . S;. 


1 The author will receive his B.A. from Reed College, June, 
1956. 

? Faxes, H. A., anp F. Kenny, “Inorganic Quantitative Analy- 
sis,’’ Appleton-Century-Crofts, Inc., New York, 1925, pp. 84-7. 

3 Sracy, I. F., J. Cem. Epuc., 32, 90 (1955). 
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A Mathematical Justification for an 
Odd Number of Swings 


JONATHAN D. WIRTSCHAFTER! 
Reed College, Portland, Oregon 


If the pointer follows the equation for damped har- 
monic motion, the ratio between the successive dis- 
placements is a constant. 


Expanding the constant, 
aT 


=1¢ 


(aT’)* 


+ “38 


Since the terms after the second are small compared 
to the error in the readings, they are dropped. 


S, can be written in terms of S;. Similarly all other 
terms can be written as powers of S;. These terms are 
expanded and then approximated in Table 1. The rest 
point can be calculated in terms of the data summarized 
there. Itis apparent that since the rest point is the un- 
known, it can be found only if two points equidistant 
on either side of it are known. The student must find 
a way to calculate a displacement to the right of the 
rest point approximately equal to a displacement to the 
left. 

Assume that swings 1, 3, and 5 are to the right and 
that swings 2 and 4 are to the left. If the rest point is 
calculated from an even number of swings, use of the 
values from the table yields: 


Si + 8S; + 2a7) + + aT) 
2 2 


= + 1.5a7’) 


Ss S;(1 + 1.5a7') + 0.5a7') = + aT) 


But 
S(1 + 1.5aT) ¥ S(1 + aT) 


This inequality shows that an even number of swings 
cannot establish the rest point. In contrast to this, 
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an equality will result when an odd number of swings 
are used for the calculation as follows: 


r an 


The use of an odd number of swings as the correct 


ed har- 
ve dis- 


HERMANN WATTENBERG: A PIONEER IN A 
NEW FIELD OF EXPLORATION’ 
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basis of rest point determination thus can be demon- 
strated algebraically. The logic of this will overcome 
the objections of the student who “intuitively knows” 
that the average of an even number of swings should give 
the correct value. This method of proof allows the 
teacher to give a convincing demonstation of an impor- 
tant operation instead of merely prescribing another rule 
for the student to follow in the laboratory. 


NORRIS W. RAKESTRAW 
Scripps Institution of Oceanography, 
La Jolla, California 


Opporruntry knocks lightly, and unless one is quick 
to answer, she may be off and away without a back- 
ward glance. But if the door is opened with eagerness 
who knows what favors she may bestow? . 

However, opportunity, like inspiration, comes to 
him who is prepared. How often we hear young men 
complain that they never had the “breaks,” whereas 
they simply did not have the kind of doors upon which 
opportunity cared to knock. It would be foolish of 
course, to say that virtue always has its just reward, 
but just as foolish to believe that brilliant careers must 
wait upon the lucky strokes of chance. 

Nevertheless, life would be uninteresting if it were not 


npared 


other 


oe for the unforeseen things that happen to us. The 
wer ed course of our lives depends upon how we react to them. 
h Still, our preparation to react is important, for any one 
e un- 
“wees of these events may determine the whole subsequent 
t find course of life. 
of the Hermann Wattenberg, a young German chemist, 
was thus prepared to seize his opportunity when it 
to the 
came, an opportunity to carve out a new kind of chem- 
ice ical career in a field in which there was virtually no com- 
petition. For 20 years this field expanded, but he re- 
of the tained a position of leadership in it, largely setting the 
standards of accomplishment and finally attaining the 
very pinnacle a few short weeks before his unfortunate 
death under violent circumstances. I want to tell 
you this story, not only because we can draw an in- 
spiration and a moral from it but because Wattenberg’s 
aT) faccomplishments are interesting in themselves. 
1 Delivered under the title, ‘‘A career in chemistry,’’ before the 
Northeastern Section of the American Chemical Society on the 
a of the James Flack Norris Award, in Boston, February 
, 1956. 
wings * Contribution from the Scripps Institution of Oceanography, 


this, § New Series, No. 847. 


EARLY LIFE 


He was born in Berlin on April 16, 1901, the eldest 
of three brothers. The family soon moved to Essen 
where they lived in comfortable circumstances. The 
father, Ernst Wattenberg, an engineer, died in 1906, 
and the mother moved the family to Hannover and 
subsequently remarried. However, the children came 
to love and respect their stepfather as their own. He 
was an artist, and the children were raised in an atmos- 
phere of art and music which became Hermann’s 
avocation during his later scientific’ life. He had a 
good eye for beauty, a strong appreciation for all types 
of art, and a certain amount of musical talent. Never- 
theless, his scientific bent appeared early, for as a boy 
he built himself a primitive laboratory and even made 
a lathe out of an old sewing machine. 

In 1919 he was graduated from the Gymnasium’and 
went to the University of Munich to study chemistry. 
His student years were not easy, for the family had lost 
all its money during the war and the subsequent 
inflation. Nevertheless, his persistence overcame diffi- 
culties and he obtained his Ph.D., magna cum laude, in 
1923, having specialized in inorganic and analytical 
chemistry under Hénigschmid with two published 
papers to his credit. 

He took an industrial position, with the firm of 
Rieder-deHaén, but quickly came to realize that this 
was not the life for him. Returning to the University, 
he obtained an appointment as assistant to Professor 
von Wartenberg in the Technische Hochschule in 
Danzig. He settled into this position happily, but not 
for long. 


THE EXPEDITION 
As early as 1919 the German Society for the Advance- 


= 
Si +S:+Ss _ S(1 + 2a7) + S(1 + a7’) + Ss 
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ment of Science had been planning a large-scale ocean- 
ographic expedition. 
to the South Atlantic, concerning which there was 
already some qualitative information but where a 
thoroughgoing study with modern quantitative methods 
could yield much important knowledge about the struc- 
ture and behavior of the ocean in general. The plan 
was to involve scientific observations of all kinds— 
physical, biological, geological, chemical. The last 
category had never received much attention on such 
expeditions, and the leader of the project, Dr. Alfred 
Merz, was insistent that for this purpose there should 
be chosen not an oceanographer who had learned a few 
chemical techniques but rather a well-trained pure 
chemist, adaptable enough to apply his knowledge to 
the problems in the entirely new field of marine chemis- 
try or chemical oceanography. Consultation with Dr. 
Fritz Haber, of well known repute, confirmed this 
opinion and the latter undertook to find such a person. 
On Haber’s inquiry, Professor Willstiatter, head of the 
Chemical Institute in Munich, suggested Wattenberg 
who was accordingly offered the opportunity. 


PREPARATION 


This unexpected and flattering invitation was a com- 
plete surprise to Wattenberg and he accepted with 
enthusiasm. During the next few months at the Kaiser 
Wilhelm Institute for Physical and Electrochemistry, 
of which Haber was the head, he worked hard to make 
himself familiar with his new field of investigation. 
Although he had a strong feeling of responsibility for 
the confidence whici had been placed in him, never- 
theless, before the preliminary “shake-down”’ cruise 
in January, 1925, he often said that he did not know what 
he was going to investigate or how he was going to 
investigate it! He found little help in the literature. 
Heretofore, chemical work done at sea had been 
exceedingly sketchy; indeed, there was no clear con- 
ception of the nature of the chemical problems in the 
ocean. Analytical methods were exceedingly difficult 
or altogether impossible to carry out on shipboard. 
It was Wattenberg’s task to plan a program of work and 
to devise the methods for carrying it out. In this, his 
ability to strike to the core of a problem without being 
diverted by inconsequentials stood him in good stead. 

During the “shake-down” cruise he suffered so much 
from seasickness that on his return he was sorely 
tempted to resign from the expedition. Mal de mer is 
an occupational hazard of oceanographers, however, 
and its discomforts are soon forgotten. Few people 
are chronic sufferers; most acquire at least temporary 
immunity. In deciding to continue, Wattenberg 
could not have foreseen how this decision was the 
important crisis of his life. 


DEPARTURE 


The expedition set forth from Wilhelmshaven on 
Wattenberg’s birthday, April 16, 1925, in the 1300-ton 
ship “Meteor,” which for the purpose of scientific 
investigation had been built from the hull of a gunboat 


It was finally decided to send it ° 
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left unfinished on the ways at the end of the World 
War. It was more than two years before the ship 
returned to its home port. In the meantime, some of 
the most important work in the history of exploration 
was accomplished. 

Wattenberg had of course taken part in the planning 
of the expedition and particularly in designing and con- 
structing the chemical laboratory. There were no 
precedents to follow; indeed, no one knew how much 
chemical work could be done on a long expedition. 
Consequently, the laboratory was outfitted for many 
possibilities, some of which were never realized. By 
the time he returned, Wattenberg was the most experi- 
enced—in fact almost the only—chemist who practiced 
his profession on the rolling deck of a ship. What he 
had learned in the solution of practical technical diff- 
culties as well as the natural chemical problems in the 
ocean set the standards for the chemists who followed 
in his footsteps, or, to use a better seagoing expression, 
in his wake. 

During the course of its travels the ‘“Meteor”’ visited 
310 “stations” or spots located in a predetermined 
pattern in the South Atlantic Ocean between the lati- 
tudes of Cuba on the north and the Antarctic Continent 
on the south. Water was taken at these places for 
analysis from many depths to the bottom, as far as 
four and a half miles below the surface. The con- 
stituents determined, and the number of respective 
samples analyzed, were as follows: dissolved oxygen, 
6577 determinations; pH, 6549; phosphate, 3611; CO.- 
tension, 384; alkalinity, 354; iron, 17; samples taken for 
gold analysis, 1555. At a number of places the ship was 
anchored in the middle of the ocean while repeated 
observations were made for two or more days. 

The objectives of the chemical investigation, as 
they eventually became definite, can be arranged as 
follows. The chemical analyses furnishing data in- 
volved in these objectives are given in italics. 


Objectives of the Chemical Program 


I. Chemistry and the Life Processes in the Sea 
A. How is the distribution of living organisms (particu- 
larly microscopic plants) related to inorganic ‘“‘nu- 
trients’’? (Determination of phosphate) 
B. How are the processes of respiration and organic de- 
composition shown in the water by: 
1. Consumption of oxygen? (Determination of dis- 
solved oxygen) 
2. Production of carbon dioxide? (Determination of 
pH, CO.-tension) 
Il. Deposition of Caleium Carbonate 
A. Is the ocean saturated with calcium carbonate? 
B. What is the state of equilibrium between CO., HCO;", 
and -? 
C. Under what conditions is calcium carbonate deposited? 
(Determination of pH, alkalinity, COs-tension) 


III. Water Movements 
A. Can the movements of water masses be followed by ob- 
serving changes in the chemical composition of the 
water? (Determination of dissolved oxygen) 
IV. Miscellaneous Chemical Observations 


A. (Determination of iron) 
B. (Collection of samples for analysis of gold. Carried 
out at the Kaiser Wilhelm Institute in Berlin) 
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One must remember that these analyses had to be 
carried out under shipboard conditions, and con- 
sequently procedures were limited to simple titrimetric 
and colorimetric methods. In those days colorimetry 
was done by visual comparison. The pH determina- 
tions, for example, were made by arranging a long series 
of buffer standards in tubes, adding an indicator solu- 
tion, and comparing the individual working samples, 
similarly treated, with the standards by interpolation. 

This was the first occasion upon which any large 
number of phosphate determinations had been made 
at sea. The colorimetric method used had been devised 
only a very few years before. This method also 
involved the preparation of a long set of tubes contain- 
ing standard solutions, treated with molybdic acid and 
stannous chloride to develop color, and compared with 
the working samples one by one. 

These colorimetric methods which now seem primi- 
tive were nevertheless developed to a high degree of 
precision by Wattenberg, and his results suffer little by 
comparison with those obtained by modern instruments, 
which are often difficult to maintain at sea. 


PLANT NUTRIENTS 


The processes by which the microscopic organisms 
in the sea obtain their food had long been a matter of 
great interest. The early conception was that the 
minute plants drew their nutriment and built their own 
structures from organic materials dissolved in the 
water. This idea was being seriously questioned and 
evidence was accumulating that inorganic compounds 
of nitrogen and phosphorus were the important nutrient 
factors, as they are in the growth of land plants. The 
advent of a satisfactory method for determining 
phosphate in the sea water made possible a large-scale 
investigation of this question, and one of the most 
important outcomes of the “Meteor” expedition was 
the showing that the abundance of “plankton” (the 
collective mass of floating microscopic living organisms) 
was closely related to the concentration of phosphate 
in the water. Surface areas often become depleted of 
this important nutrient, and life there becomes scarce; 
where the surface can be refertilized, as by the up-well- 
ing of deep water rich in phosphate, organic pro- 
ductivity is invariably great. We now know that the 
same is true of nitrate, and that “fertilizer chemistry” 
is the same the world over, on land and sea. 


CALCIUM CARBONATE 


The modifications which Wattenberg brought about 
in the titration method for alkalinity have made it the 
standard procedure, although simpler and more rapid 
techniques are now available since the advent of elec- 
trometric methods for determining pH. The results 
of this titration, along with the values for pH, make 
possible the calculation of the conditions of the whole 
carbon dioxide equilibrium once the necessary con- 
stants have been evaluated. From the carbonate con- 
centration thus determined and a knowledge of the 
solubility of CaCO; in sea water, the saturation picture 
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of this important material may be constructed. The 
value of this lies in the fact that about half of the sea 
bottom is covered with sediments made up largely of 
calcium carbonate, and the conditions of this sedi- 
mentation were up to that time seriously in doubt. 
One of Wattenberg’s most notable contributions was a 
subsequent determination of the solubility product of 
CaCO;, and by combining this with his analytical 
results he was able to show that the greater portion of 
the ocean, particularly its upper layers, is very highly 
supersaturated with calcium carbonate. He was also 
led to the conclusion that in the bottom of the sea in 
many places calcium carbonate is undergoing solution. 
These were new conceptions and are still the cause of 
much controversy. 


VENTILATION OF THE SEA 


One of the most interesting features of the ocean is 
the distribution of dissolved oxygen in it. Not only 
can this be easily and accurately determined by analy- 
sis, but it participates in more different and more funda- 
mental chemical processes than any other dissolved 
constituent in the water. Water at the surface is 
generally saturated in contact with the atmosphere, 
while water in the depths is deficient, as a result of 
oxidation processes, or sometimes contains a surplus due 
to photosynthesis. A peculiar phenomenon is the 
widespread occurrence-of a depth of minimum oxygen 
concentration, the maintenance of which depends upon 
the balance between consumption and replenishment. 
This has been, and still is, a fruitful subject for specula- 
tion and investigation, and the 6000 or more deter- 
minations which Wattenberg made are still an 
important source of our knowledge about it. He was 
able to show a close relation between oxygen consump- 
tion and the production of carbon dioxide (from deter- 
minations of pH) and of phosphate. As a contribut- 
ing influence in this process he was able to trace the 
movements of the principal water masses, which the 
oceanographers had discovered by other means in the 
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Atlantic basin, in currents that move at various depths 


from poles to equator in both directions and in both’ 


hemispheres. Transverse surface currents moving 
from east to west in the equatorial region were shown to 
produce an up-welling of deep water near the African 
coast, resulting in low oxygen and high phosphate con- 
centrations near the surface with a consequent area of 
abundant life and high organic productivity. 


LIFE AT SEA 


Wattenberg was the “Benjamin” of the expedition, 
the youngest member of the scientific staff. Notwith- 
standing this, his influence was great principally because 
of his quiet, even temper, good practical sense, and 
friendly companionship—qualities which are essential 
for happiness on such an expedition where men are 
crowded together for long periods. His laboratory and 
quarters were popular gathering places and his counsel 
and advice were sought and respected even by his 
older comrades. 

What characterized this expedition more than any 
previous one was the close cooperation between workers 
in several scientific specialties—physicists, chemists, 
biologists, geologists, meteorologists—all concerned 
with common problems. 

When, after more than two years, the ship returned 
home the general picture of the scientific results was 
already apparent, for this was the first expedition of the 
kind during which the results of the observations were 
completed and worked up as it progressed. Never- 
theless, the analysis of the data, the drawing of con- 
clusions, and the writing of reports occupied the staff 
for the next ten years or more. 


HOME AGAIN 


These next years were difficult ones for Wattenberg 
in many ways. It was hard to settle down after such 
an experience as he had just had. He was given an 
appointment as a Fellow of the German Research 
Society, a position closely corresponding to our National 
Research Fellowships, and established himself in the 
Chemical Institute of the University of Munich to 
assemble the chemical results of the expedition. 
Among the other chemists in the Institute he was quite 


Left to Right: Hentschel, Wattenberg, Buch, Helland-Hansen. In 
1934, the Year of Wattenberg’s Appointment to the University of Kiel 
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literally “a fish out of water,’’ but the unique character 
of his work attracted great interest and respect and he 
was given the nickname “Seawater.” 

Here he became acquainted with a young woman 
student whom he later married. They found mutual 
companionship not only in scientific interests but also 
in music and in their love for the outdoors. Together 
they tramped the mountains, in summer on foot and 
in winter on skis, and looked forward to the time when 
they could take their children on such trips. But this 
was to happen only once, when their eldest-born was 
six. Eventually their family consisted of two sons and 
a daughter. 

Wattenberg’s chemical work was finally collected in 
three volumes in the series of ‘Meteor Reports,” a 
collection forming one of the most solid foundation 
walls for the oceanographic literature. The data and 
the conclusions have been the basis of literally hundreds 
of commentaries and secondary papers. 


MARKING TIME 


But the future for a “marine chemist” or a “‘chemical 
oceanographer” was very uncertain. There was no 
post for such a person at any German university. 
Wattenberg had never given up his hope for a teaching 
position in some higher academic institution, but he 
felt sure that he could never qualify for one on the basis 
of the kind of chemical research he had been doing. 
No appointment committee would understand or 
appreciate it. So he began to use his spare time for 
researches in pure chemistry, although he continued to 
dream of a laboratory or institute of some kind 
patterned after his experience on the ‘Meteor’’ in 
which scientists of many kinds could live and work 
together, investigating the further mysteries of the 
ocean. He took part in several minor expeditions, two 
of them into the cold waters near Iceland and Green- 
land, and he spent some time as a visitor in marine 
laboratories in England, Norway, and Finland. He 
was appointed to a German commission for the scien- 
tific investigation of the sea and cooperated with chem- 
ists from England and Finland in a very important 
study of the carbon dioxide equilibrium in the ocean. 
Meantime, many well-meaning friends tried to bring 
him back to the field of pure chemistry, offering him at- 
tractive positions at other universities. But he had 
been caught by the glamor of the sea and refused to 
leave it. 


AT LAST! 


Eventually the “break” came. Through Dr. Albert 
Defant, one of his elder colleagues on the “Meteor” 
and then head of the Institut fiir Meereskunde in Berlin, 
he was able to qualify for an academic appointment, 
first in Berlin and later at the University of Kiel. On 
such occasions it is required that a candidate for 
appointment deliver a “habilitation’’ lecture, in- 
tended to demonstrate his qualifications for the 
appointment. Wattenberg’s subject for this was 
“The relation between the nutrient content of the sea 
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and plankton.” I well remember Defant’s pleasure 
in describing the skill with which Wattenberg parried 
the criticisms which were directed at his new but well- 
documented ideas. 

In 1934 he was installed as head of the Laboratory 
of Marine Chemistry in the University of Kiel, and for 
the next several years his principal field of activity 
was in the local waters of the neighborhood. Never- 
theless, in his own words, “One cannot draw boundaries 
in the ocean, and there is scarcely a phenomenon in it 
which does not exert its influence far and wide.”’ He 
also carried out fundamental studies on solubilities and 
on trace elements in. sea water. The International 
Council for the Exploration of the Sea charged him 
with the responsibility for collecting and publishing the 
best available methods for determining the important 
nutrient constituents of sea water. This work is still 
the only comprehensive treatise on this subject, 
although it failed to standardize procedures and is 
now rather out of date. 

But these were the happiest years of his life. He 
was able to indulge in two of his hobbies: gardening 
and photography. On returning from his frequent 
trips to sea, he loved to spend time with his plants or 
long hours in his darkroom. He could concentrate on 
his work in the laboratory to the exclusion of every- 
thing else, with no regard for time, but. when finished 
he could turn completely to the next thing, whether work 
or diversion. He was patient and considerate with 
students and co-workers, teaching by example rather 
than by word. He never gave way to anger or loud 
words, but was’ always ready to help with gentle, 
incidental remarks. Although his habit of life was 
quiet and unassuming, his decisions were clear and 
definite, and he was not easily influenced by others in 
such cases. 

These many qualities, along with his scientific 
accomplishments, led to his promotion, first to ‘ex- 
traordinary” (associate) and later to “ordinary”’ (full) 
professor in the University and in its Oceanographic 
Institute (Institut fiir Meereskunde) established in 
1937, of which he became head of the Hydrographic 
and Chemical Division. At last he saw the fulfillment 
of his dream of such an institute in which all the 
scientific disciplines cooperated in the study of the 
ocean. 

And then came the War. 


WAR! 


Military mobilization must have been nearly as 
indiscriminate in Germany as in this country, for he was 
first sent with the troops as an ordinary soldier to the 
Polish front. But later his scientific attainments were 
put to the better service of his country and he became 
a scientific consultant to the navy, with the eventual 
title and rank of “Oberregierungsrat der Reich.” In 
this capacity, between 1940 and 1944, he took part in 
many operations from Norway to the Mediterranean. 
There is no record of these. 

The culmination of his career came in May, 1944, 


Institut fiir Meereskunde, University of Kiel 


when he was appointed head of his Institute in Kiel. 
In his inaugural address he said, “Real marine science 
is not the incidental study of the plants, animals, and 
sediments in sea water, but rather the understanding 
of a whole organism whose parts and functions cannot 
be separated.”” This was his philosophy and his 
objective, and by this time he had become an ocea- 
nographer as well as a chemist. 

On July 24 he and his wife were visiting friends. On 
their departure, he went to the laboratory to finish 
some work. This was the second critical decision of 
his life, and the last, for unfortunately he chose just the 
time when a bombing attack came over the city to 
destroy the docks and military installations. The 
laboratory in Kitzeberg was too close to the harbor to 
escape this and was totally obliterated, along with its 
recently appointed director. For more than a day it 
smoldered. At the same time the Wattenbergs lost 
their home and everything in it. Only she was spared, 
with what she carried with her. 

Thus was a career in chemistry cut short, as were 
many careers, by the violence of war. ‘ 


CONCLUSION 


And what can we learn about the choice of a career 
from the consideration of this one? The study of the 
sea is not unique in its opportunity; it is but one of 
many fields in which the principles and practices of 
chemistry can be applied to the solution of natural 
problems. Indeed, it is not very different from the 
application of chemistry to industrial problems. The 
story does illustrate, however, how one can expand a 
single opportunity into a life of interesting and pro- 
ductive activity, provided one is prepared with the 


- necessary technical background and personal qualities. 


Not every young chemist can attain the Nobel Prize, 
but there are other lasting rewards than the highly 
publicized ones. Solving problems which no one has 
attempted before, serving as a model for those who 
follow in a new sphere of activity, contributing to the 
advancement of a whole new branch of applied science, 
working at tasks of one’s own choosing, inspiring 
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others by one’s own quiet example, persisting in follow- 


ing a dream until it comes true, establishing a happy ° 


home with a devoted family, living a full and well- 
balanced life with the love and respect of those around 
one—these are some of the accomplishments and char- 
acteristics of the career we have just been considering. 
It is the kind of life to which anyone might aspire; 
what more can one ask? For its sudden termination 
at the very time when it seemed destined to be most 
fruitful we must blame the terrible violence of war— 
from which God grant we may henceforth be spared. 
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METALS’ 


INTRODUCTION 


While it might appear that the various hydroxy, 
chloro, sulfato, and other complex species referred to in 
the first paper of this series would be sufficient to “‘ex- 
plain” the properties of pertinent aqueous systems, such 
is not the case. In particular, the relationships be- 
tween hydrogen and metal-ion concentrations of such 
systems are not those of classical weak acids. The 
difficulties are best understood on contrasting the be- 
havior of the classical weak acids with that of typical 
aquo-ion acids. 


GENERAL PROPERTIES OF WEAK ACIDS 


The relationships between pH, degree of neutraliza- 
tion, and stoichiometric concentration of weak mono- 
protic acid systems are illustrated in Figure 14. Defin- 


ing, 


n = equivalents OH~ added/mole HA (19) 


where n is the “hydroxyl number” of the system, or de- 
gree of neutralization, Figure 14 presents pH as a func- 
tion of n for several concentrations of a hypothetical 
acid with K, = 1.9 X 10>. 

The data are calculated for a series of solutions at 
constant 7’, u, and {HA}, with only n varying. The 
curves are therefore of the type sometimes called 
“pointwise” titration curves. Each experimental point 
is derived from the study of a separate solution; com- 
plications resulting from dilution, changes in ionic 
strength, etc., in the much more common type of acid- 
base titration are eliminated. 

At the low values of n, that is, at the beginning of the 
titration of HA with strong base, the pH is significantly 
lower for the more concentrated acid solutions. How- 
ever, as m increases, the curves converge until at n > 
0.3 it is impossible to distinguish between them on the 
scale plotted. A pH over the range of concentration 
plotted is less than 0.02 pH unit, from n = 0.5 to 0.99. 

This is typical behavior for a simple monoprotic acid. 
There is no dependence of pH on the stoichiometric 
{HA} in this region of n values. (It will be recalled 


— 


1 The second in a series of three papers on this topic. For the 
first paper, see J. Cuem. Epuc., 33, 152 (1956). The numbers 
of equations, structures, tables, figures, and literature cited in 
this paper follow consecutively those assigned in the first paper. 


ON THE SPECIES PRESENT IN AQUEOUS 
SOLUTIONS OF “SALTS” OF POLYVALENT 


II. Polymerization of Aquo-Bases 
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that for a weak acid buffer system, when {A} = {HA}, 
that is, atn = 0.5, pH = pKz,, regardless of the stoichio- 
metric {HA}.) 

A similar situation exists in solutions of diprotic acids, 
as illustrated by Figure 15, which contrasts the pH 
behavior of equimolar solutions of a mono- and diprotic 
acid. The monoprotic acid is acetic with K, = 1.85 X 
10-*; the diprotic acid is hypothetical with K; = 1.85 
10-° and K, = 1.85 X 10-*. K,/Kz is assumed small 
to exaggerate the differences between the two cases, 
since as K,/K, becomes large, the behavior of the di- 
protic acid approaches that of the monoprotic acid. T 
and yu are assumed constant. 

Initially, at equal molarity of HA and HA and at 
equal n values, the pH values in mono- and diprotic 
acid systems are essentially identical. As n increases 
above 0.5, the curves diverge, and the pH of the mono- 
protic acid becomes increasingly greater than that of 
the diprotic acid. This effect is due to the increasingly 
important contribution of the second dissociation to the 
total acidity of the system as n increases. 

As for the effect of total {HA} or {H:A} at low 
values of n, the pH of the diprotic acid depends on its 
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Figure 14. ‘‘Pointwise’’ Titration Curves for a Typical Weak Monopro- 
tic acid 
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Figure 15. pH versus n for Mono- and Diprotic acids 


concentration just as in the case of the monoprotic acid. 
As n exceeds 0.5, the pH of the diprotic acid system also 
becomes increasingly independent of the total {H.A}. 


THE PROPERTIES OF AQUO-ION ACIDS 


In contrast to the behavior of the simple, classical, 
weak acids, Figures 16 and 17 present plots of pH versus 
n for the aquo-scandium (2/) and aquo-urany] ions (22), 
respectively. These plots are typical of results re- 
ported in recent studies of aquo-ion acidities where 
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Figure 16. Acidity of the Aquo-Scandium Ion 


Acidity of scandium perchlorate solutions at t = 25.0°C., uw = 1.00». 
10°C = curve I—20.00; curve II—10.00; curve III—5.00; curve IV—2.50o; 
and curve V—1.250. 
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proper precautions are taken to minimize effects of 


. complexing and of ionic strength changes. 


In almost every such case, there is a marked depend. 
ence of hydrogen-ion concentration on acid (aquo- 
metal ion) concentration. This dependence of pH on 
{acid} persists at all values of n studied; in the case of 
the Sct? ion, it persists until the Sct* precipitates from 
solution. It should be obvious upon comparing Fig- 
ures 16 and 17 with 14 and 15 that the various equilib- 
ria in simple acid systems are insufficient to explain the 
relationships between n, pH, and {acid} in aquo-ion 
systems. The concentration dependence can, however, 
be explained in terms of hydrolytic polymerization 
equilibria such as in equations (10) to (12) inclusive, 
Part of the evidence supporting such reasoning follows. 
POLYMERIZATION OF AQUO-BASES VIA HYDROXY 
BRIDGING 

In 1907, N. Bjerrum (23) proposed that the existence 
of dimeric hydroxychromium(III) complexes was a con- 
sequence of the formation of diol, or dihydroxy bridges, 
as in Structures I or III. A recent example of similar 
structure assignment is that of dimethy] gallium hydrox- 
ide, studied by Kenney and Laubengayer (24). The 
compound is reported to contain 19.43, 19.66 per cent C; 
5.85, 6.02 per cent H; 59.8, 59.9 per cent Ga; and 14.5, 
14.5 per cent OH~ (results of two analyses) as compared 
with 20.57 per cent C, 6.04 per cent H, 59.7 per cent Ga, 
and 14.6 per cent OH~- calculated for the empirical 
formula (CH;),GaOH. Molecular-weight determina- 
tions by freezing-point depression of benzene solutions 
yielded values of 329, 328, and 336 for solutions con- 
taining 18.7, 15.6, and 10.6 g. solute/1000 g. benzene, 
respectively. These values are in good agreement 
with a molecular weight of 350.4 for the trimer which 
the authors formulate as follows: 


Structure V 


Since gallium forms no compounds with a valence 
number higher than three, the bonding in the trimer 
must be formulated in terms of hydroxy bridges. The 
authors state that X-ray and dipole-moment data are 
consistent with their proposed structure. 

There is ample evidence showing that hydrous oxides 
and basic salts are polymeric species in the solid state. 
For example, Lundgren, Sillefi, and co-workers have 
recently shown, by X-ray examination, that basic tho- 
rium (25), cerium (26), and uranium (27) compounds 
involve bonding by hydroxy bridges. Weiser and Milli- 
gan (28) have also published much in this field. 

One may pose an interesting question. If metal ions 
are assumed to exist as monomeric species in acidic 
aqueous media and then are found to form polymeric 
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solid phases either on spontaneous hydrolysis (Ti(IV), 
Sb(V), Bi(III)) or in other cases on addition of bases, 
where did polymerization occur? It is difficult to es- 
cape the conclusion that polymers must be present in 
solution. 

THE APPLICATION OF THE POLYMER CONCEPT TO 
ACIDITY DATA 

Fortunately, there is at least one chemical system 
which exhibits the proposed polymerization phenome- 
non and which is no longer controversial, at least as far 
as (ualitative interpretation of data is concerned. It 
is well known that Cr(VI1) exhibits a chromate-dichro- 
mate equilibrium which is pH dependent. Tong and 
King (29) have studied such systems spectrophoto- 
metrically, working at constant temperature (25 + 
0.2°C.) and constant ionic strength (u = 1.000, pri- 
marily in LiClO,). Their data on the apparent molar 
absorption indices of these solutions as a function of 
total {Cr(VI)} are shown in Figure 18. 

According to Beer’s law, the molar absorption index 
of a distinct chemical species is independent of its con- 
centration. These data show that Beer’s law is not 
obeyed at any wave length. The discrepancies, how- 
ever, may be largely explained on the basis of the chro- 
mate-dichromate equilibrium, which is a polymeriza- 
tion process. 

Tong and King propose that the following equilibria 
exist in the system: 

{H*} {HCrO,-} 
{H2CrO,} 
{Cr,07~ ~} 
{HCrO,~ }? 
{H*} {Cr,0;-~} _ 


HCr:0;- H+ + Kx = fHCr,0;-} = 0.85 
(22) 


= 1.21 (20) 


H.CrO, = H+ + HCrO,-; Ku = 


2 HCrO,~ = + H,0; Ka = = 98 (21) 


Equation (21) might be written structurally as: 


Os 
21 0 
on | 
+ (23) 
=Cr—O—Cr 

OF SO 

The reaction at left is olation; that at the right is 
oxolation. However, in none of these structures does 
chromium have its maximum coordination number 
which might conceivably be nine, but is more likely to 
be six (for steric reasons). 

Several of the solid metal dichromates, including the 
Lit, Nat, Ba++, and Cut++ compounds, are reported 
to form dihydrates. The structure of the dichromate 
lon might therefore be: 


Structure VI 


EXPERIMENTAL VALUES OF -LOG C, 
V5.2 FOR URANYL ION 


DATA OF AHRLAND 
UNCORRECTED FOR DWLUTION EFFECTS 


(0? « INITIAL 


CURVE  MOLARITY UO, (Ci0,), 


Figure 17. Acidity of the Aqua-Uranyl Ion 


The two waters are shown as “constitutional” 
waters and the coordination number of each chromium 
is six. There would be no simple way of distinguishing 
between the various structures proposed for dichromate, 
in water solution. However, X-ray data, on NaeCr.O;- 
2H,0, for example, should yield significant data. 

By choosing optimum experimental conditions, pri- 
marily by adjusting {H:O+}, the authors derive the 
values of the equilibrium constants given in equations 
(20) to (22). These are based on the assumption that 
Beer’s law must be obeyed if the optical absorbancy is 
attributed to the proper absorbing species, and if all 
pertinent species present are identified. 

Since the dimerization constant, Ka of equation (21), 
does not involve H;,0+, experimentally determined 
values should be independent of {H,;O+}. Tong and 
King investigated the effect of {HC1IO,} on the equilib- 
ria and reported their data in terms of an additional 
equilibrium: 


EFFECT OF Cr(W) CONCENTRATION ON 
APPARENT MOLAR EXTINCTION COEFFI- 
“CIENT 07 SYSTEMS 
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Figure 18. Absorption of Cr(VI) Solutions 
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K’ is reported to decrease from 98 to 62 as {HCIQ,} in- 
creases from about 10-* to one molar. These results 
are interpreted as indicating that higher polymers than 
Cr,0;—~ exist in the Cr(VI) systems studied. 

The dimerization constant Kg is rather large, as will 
be found also in other aquo-ion systems. Further, 
since Ky, is reported to be 35.5 at infinite dilution, the 
concentration dimerization constant apparently in- 
creases as the ionic strength of the medium increases. 

To summarize these data, the deviations from Beer’s 
law observed for the acids of hexavalent chromium are 
almost completely eliminated if absorption is attributed 
to a monomeric and a dimeric species. Remaining 
slight discrepancies may be attributed to further poly- 
merization. 

The following chemical systems further illustrate the 
change in concepts of workers in the field of aqueous 


K’ = 


2 This relationship is readily explained: 


Qdimer {dimer } aimer ‘fo 
@* monomer {monomer }? monomer monomer ona 
K T ¥ dimer 


K. monomer 
The symbols have their customary thermodynamic meanings. 
Taking logs: 
K 
Log (3) = log f dimer — 2 log f monomer 
c 


From the Debye-Hiickel limiting law: 
Log f = —Z*A Vu 


Substituting with Z = 1 for the monomer, and Z = 2 for the 
dimer 


Los = —4AV p — A—-A Vu) = Vp 


At » = 0, K. = Kr; as u increases the log decreases, and K- 
must increase since Kr is constant. The derivation admittedly 
applies only for dilute solutions wherein the limiting law is 
obeyed. However, even at higher values of yu, log f for the dimer 
should decrease more rapidly with increasing » than should log f? 
for the monomer and the same effect on K, should be noted. 
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chemistry as they have become aware of the impor- 
tance of polymerization reactions. They might be 
viewed as “‘case histories” in this field. 


THE CERIC PERCHLORATE SYSTEM 


In 1943, Sherrill, King, and Spooner (30) found it 
necessary to propose the following equilibria in order 
to explain their data on the oxidation potential of the 
Ce(III)-Ce(IV) couple in perchlorate media. They 
also proposed that K; = 0.6 in 2.5 normal HCI1O,. 


[Ce(H0),] ** + HzO = [Ce(OH) (H20),—1] ** + H:0*; 


[Ce(OH) (H20),-1] ** + = 
** + Kz (26) 


Then in 1948, Heidt and Smith (3/) on studying the 
photochemical oxidation of water by ceric ion suggested 


that their systems must contain dimeric cerium species. § ~ 
They derived a value of 50 for the dimerization con- § ®XP°° 
stant (Ka) in 1.000 molar HCIO,. Furthermore, they § 
recalculated part of the Sherrill, King, and Spooner § 7'° ! 
data and showed that anomalies in the earlier results § 1" X« 
are eliminated if the presence of dimers is assumed. be ex] 
In 1952, King and Pandow (32) studied the ceric of per 
perchlorate system spectrophotometrically and _ cor- at the 
roborated the evidence for the existence of dimers. Mu 
They proposed that K; 2 3. this ty 
metric 
THE FERRIC PERCHLORATE SYSTEM their « 
The prototype paper on the application of spectro- All 
photometric data to the study of aqueous complexes is atu = 
undoubtedly that of Rabinowitch and Stockmayer on by ad 
ferric ion complexes (33). These authors also studied rected 
the hydrolysis of the Fe(III) ion in perchlorate media J‘ P@ 
and showed that Beer’s law is not obeyed by Fe(Cl0,); the pk 
solutions. 
They did not derive a value for the “hydrolysis con- tibilit; 
stant’’; instead they employed values of the constant at 240 
from the literature to evaluate the molar absorbancy Ace 
indices of the various Fe(III) species present in solu- relatec 
tion. Even after correcting for monomeric hydroxy § ‘8 45 
species, they found a variation in apparent molar ab- (1) 
sorbancies for which they offered two alternative ex- ee 
planations, one in a footnote. (2) 
Their footnote suggested that polymers of the type (3) 
postulated by Thomas (vide infra) could explain their to the 
data, but this point was not pursued further. ‘The (4) 
more likely explanation, according to their emphasis, [Fe(O) 
involved salt effects related to the recent controversial me 


papers of Olsen and Simonson (34) on the ionic strength 
concept. This interesting point will be reviewed later 
in this paper. 

More recent work on the Fe(III) system includes 4 
rather new approach which is worthy of special consider- 
ation. It is based on application of magnetic data as 
criterion for bond type, as developed primarily by Paul- 
ing (35). The particular application is illustrated in 
Figure 19 from the work of Sacconi and Cini (36) on 
the magnetic susceptibility of Mo(V) in HCl. In con- 
centrated HCl, x, corresponds to one unpaired electron 
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TABLE 7 
Comparison of Magnetic and Spectrophotometric Data for Fe(C1O,); Solutions 


Absorbancy Data 

Magnetic Data A ~ 

xre att = °C. 240 mu 3835 mu 
pH 16° 26° 49° 15° 265° 61° 15° 61° 

<0.0 (1.50) 1.42 1.31 1.165 1.135 1.075 0.000 0.000 

0.05 1.54 1.43 (1.34) 1.164 te 1.071 0.000 0.000 
0.5 ae res bake 1.184 1.150 1.097 0.028 0.100 
0.7 (1.39) (1.30) 1.10 1.195 =e 1.116 0.087 0.255 
0.8 1.200 1.200 1.140 0.106 0.275 
0.95 1.215 1.205 1.185 0.240 0.380 
1.15 1.38 .13 0.99 1.217 1.210 1.200 0.440 0.447 
1.75 1.03 0.95 0.83 1.220 1.220 1.200 0.450 0.450 
1.95 0.63 0.61 0.54 ey 
2.45 0.62 0.57 0.49 


expected for monomeric Mo(V). However, x, de- 
creases with decreasing {HCl} until it almost reaches 
zero in 2 M HCl. The authors ascribe this decrease 
in x, to the formation of dimeric species which might 
be expected to be diamagnetic. Their calculated values 
of per cent monomer in solution, not to scale, are given 
at the right of the figure. 

Mulay and Selwood (37) have recently combined 
this type of magnetic data with pH and spectrophoto- 
metric data in their study of the Fe+* system. Part of 
their data is above, in Table 7. 

All solutions studied were 0.04 M in Fe(ClO,); and 
at » = 3.00, primarily in NaClO,; {H;0+} was adjusted 
by addition of HClO,. The magnetic data were cor- 
rected for contributions by H+, ClO,-, etc. (Values 
in parentheses were interpolated by this author.) As 
the pH increases and hydrolysis »ad polymerization be- 
come relatively more important, the magnetic suscep- 
tibility of the systems decreases while the absorbancy 
at 240 and 335 my increases. 

According to the authors, these data may be cor- 
related and explained, even quantitatively, if the follow- 
ing assumptions are made: 

(1) The Fe+* aquo-ion hydrolyzes to form hydroxy 
species which are largely dimeric. 

(2) The dimer [Fe2(OH)2]+4 is diamagnetic. 

(3) Optical absorption at 335 my is due exclusively 
to the dimers. 

(4) Absorption at 240 my is due to simple Fe+* plus 
[Fe(OH)]++. The absorption due to [Fe(OH) ]+*+ in- 
creases with increasing pH, masking the concurrent de- 
creasing absorption of the Fe(III) aquo-ion. 


(5) The molar absorbancy indices of [Fe(OQH)]++ 
>Fet® at 240 mu. 

They then refer to the data of Hedstrom (38) sum- 
marized in equations (27) to (30), on the equilibria and 
equilibrium constants in Fe(ClO,); systems at 25°C. 


and w = 3 and assume the same equilibria fit their own 


data: 


Fet? + H,O = [Fe(OH)] *+* 
= (9.0 + 1.0) X 10~* 


[Fe(OH).] + + 2110" 
= (4.9 + 1.0) X 10-7 (28) 


2Fet? + = +4 + 2H;0+; 


(27) 
Fe+? + 2H,0 = 


= (1.22 + 0.10) xX 10-8 (29) 
from which may be derived (calculated by L.P.) 
2 [Fe(OH)] ++ = [FeOH).] +4; Ka = (1.5 + 0.2) 108 = (30) 


These assumptions explain the effect of pH and of 
temperature on both the magnetic and spectrophoto- 
metric data. Increase in pH shifts the equilibria of 
equations (27) to (29) to the right, reducing xr. (due 
only to the paramagnetic Fe**) and also the absorption 
at 240 mu (due to Fe**), and increasing the absorption 
at 335 my (due to the dimer). Increase in tempera- 
ture also shifts the equilibria to the right and results in 
similar changes in the properties of the systems. 

Mulay and Selwood employ two independent tech- 
niques to derive the equilibrium constants and molar 
absorbancy indices summarized in Table 8. The “over- 
all equilibrium constants,’’ Ke. of equation (29), were 
evaluated from the magnetic data of Table 7, experi- 
mental values of total { Fe(III) }, and equilibrium values 


TABLE 8 
Data of Mulay and Selwood on the Fe(C10,); System 


Temp. °C. 


36 46 


10* (magnetic) 49+ 0.9 7.32+0.8 10.2+2.2 16.3 + 1.7 25.1+5.8 
ap, +3 (mag. ) 5.80 5.55 

10- 4 Gaimer (mag.) 8.3 2.5 

10* (spect. ) 6.7 33 

10~* ddimer (spect. ) 10.0 1.5 
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@ Interpolated from data at 15°C. and at 51°C. 
>From K, = K,?Ka 


TABLE 9 
Equilibrium Constants for the Fe(III) Aquo-Ion System 
Investigator ‘Temp. °C. Ky Ka K. 

Mulay and Selwood (magnetic) 25 3.00 Fae ans 7.3 X 1073 
Mulay and Selwood (spect. ) 25 3.00 10.9 X 10-%¢ 
Hedstrom 25 3.00 9.0 xX10-4 1.5 X 10+ 12.2 X 10-3 
Milburn and Vosburgh 25 3.00 1.28 X 10-8 1.6 X 10+? 26 X 10-34 
Milburn and Vosburg 25 0 6.7 xX 10-3 29 1.3 X 10-34 
Bronsted 15 0 6.3 xX 10-3 


of {H;0+} at several temperatures. Combination of 
these constants with spectrophotometric data led to 
values of the molar absorbancy indices (@yre+: and Ggimer)- 
These data are presented in the upper three lines of 
Table 8. 

Then, they derive relationships between Kyo, {H;0+}, 
{dimer}, {Fe}total, @dimer, and measured optical 
densities (dp) of the dimer which are independent of 
their magnetic data and of the absorbancies at 240 mu. 
From plots of 1/dp versus {H;0+} they calculate the 
parameters shown in the lower two lines of Table 8. 
Agreement between the results of the two calculations 
is, in general, good. 

Mulay and Selwood also calculate that, as the pH 
rises from 0 to 2.5, the concentration of Fe(III) aquo- 
ions in 0.04 M solution decreases from 100 to about 
25 per cent of the total species. {Fe} dimers rises 
concurrently to account for about 60 per cent of the 
total iron present, with { Fe(OH) ++} monomers account- 
ing for 10 per cent and {Fe(OH).*} for about 2.5 per 
cent. 

Another paper on the ferric ion, published almost 
concurrently with that cited above but by Milburn and 
Vosburgh (39) is devoted primarily to the polynuclear 
species present as deduced from spectrophotometric 
data. Milburn and Vosburgh report the following 
relationship between K;, (the first acidity constant of the 
aquo-ferric ion, corresponding to Ky, of equation (27)) 
and yu (the ionic strength of the medium) at 25°C. 


Log Ki = —2.172 — 2.04u'/2/(1 + 2.4/2) — 0.0ln (31) 


They report that their spectrophotometric data 
cannot be reconciled with a dimer containing only one 
hydroxide (as in equation (9)), and they propose for 
the simplest dimer a dihydroxy species formed as in 
equation (10) or (30). They give the following relation- 
ship between K, (the dimerization constant of equation 
(30)) and y, also at 25°C. : 


TABLE 10 
Average Degree of Polymerization of Zr(IV) in HCl Solu- 
tions 


{HCl} 
1 


2 3 
3.0 2.0-2.6 


Log Ka = 1.46 + 4.08u'/2/(1 + 2.1u'/2) + 0.0754 (32) 
The various constants derived by investigators of 
the Fe(ClO,)3 system are summarized in Table 9. 


THE ZIRCONIUM(IV) PERCHLORATE SYSTEM 


Another prototype paper is that of Connick and 
MeVey (40) on the application of extraction coefficients 
(into organic phases) to the study of complex formation. 
These authors, in 1949, reported on the extraction of 
Zr(IV) species as TTA (thenoyltrifluoroacetone) com- 
plexes from aqueous to benzene phases. They con- 
cluded that the Zr(IV) ions in 2 M HClO, were bound 
to an average of from zero to one hydroxyl at 25°C., 
but reported their inability to evaluate the correspond- 
ing equilibrium constant because of the presence of an 
impurity in their solutions. 

Furthermore, they referred to extended series of 
experiments designed to identify and remove the 
impurity, but completely without success. In the same 
paper they consider the possibility of polymer forma- 
tion but reject this as an explanation of their difficulties. 

In 1953, A. J. Zielen (41) reported on a study of 
Zr(IV) similar to that of Connick and McVey. in which 
the apparent anomalies are eliminated on assuming 
that polymers of Zr(IV) are present. Zielen quotes a 
private communication from McVey who now agrees 
that polymers are indeed important in interpreting the 
data. McVey also indicates that he now believes the 
average hydroxyl number for Zr(IV) at « = 4.000 (in 
HClO, plus LiClO,) increases from 0 to 2 as {HCI10,} 
decreases from 4 to 0.12 M. y 

K. Kraus at Oak Ridge Laboratories is currently 
exploiting a new technique for the study of hydrolytic 
polymerization and has applied it to the Zr([V) 
system (42). The technique involves the determination 
of thermodynamic properties of solutions in an ultra- 
centrifuge under a very high gravitational field. It 
involves a modification of the method of Lamb, 
suggested by Scatchard, and discussed in a paper by 
Johnson, Kraus, and Scatchard (43). 

Kraus reports (42) the data in Table 10 for 0.05 M 
Zr(IV) solutions in HCl adjusted to the desired ionic 
strengths with LiCl, NaCl, or CsCl. The table gives 
the average degree of polymerization, Nu, of the Zr(IV). 
The average charge per monomer is reported to be 
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must contain about three chlorides plus hydroxides per 
Zr atom. 

In HClO, systems the average charge per Zr is 
reported to be much higher, while the average degree 
of polymerization is about the same as in HC]. The 
ultracentrifuge technique yields values of N,~3 (but 
certainly no more than 4.5) for from 0.5 to 0.12 molar 
Zr(1V) in solutions one M in HClO, plus one M in 
NaClO,y. No evidence was found for an increase in N, 
with {Zr(IV)}. 


QUANTITATIVE APPLICATION OF THESE CONCEPTS 
TO AQUO-ION SYSTEMS 


The quantitative application of these concepts to 
aquo-ion systems is illustrated by the data of Figure 
20, which is typical of results obtained on assuming that 
the equilibria of equations (3) and (10) apply to the 
Sc+® system (2/) and the UO,*++ system (22, 44). The 
hydrogen ion concentration of these systems is treated 
as a function of total metal ion concentration, n (the 
hydroxyl number), and two constants—which may be 
any two of the three: K,, Ka or K.—corresponding to 
the equilibria of equations (3), (10), and (33), respec- 
tively: 


2{M(H20)a] 


+ 2H,O0+ (33) 


Equation (33) is the generalized form of equation 
(29) and represents the summation of steps (3) and (10). 
It is readily shown that the equilibrium constants have 
the following relationships: 


Ko = Ki? Ka (34) 


where K,, K,, and Kg are the equilibrium constants for 
the equilibria of equations (33), (3), and (10), respec- 
tively. In practice it is mathematically more conven- 
ient to evaluate K, and K, directly, and then Kg from 
equation (34). (For details see reference (2/).) 

At t = 25.0°C. and uw = 1.000, for the Sc+* aquo-ion ; 
K, = 1.17 X 10>, K, = 1.02 X 10-4, Ka = 7.4 X 10°. 
For the UO.++ ion, Ki = 1.76 X 10-4, K. = 1.24 X 
10-*, Ka = 4.1 XK 10°. Employing these values to cal- 
culate — log Cy (or pH), the solid curve of Figure 20 
is obtained. The experimental points agree quite well 
with these calculated values at n < 0.5. In this range, 
the mean error in pH is from 0.02 to 0.05 pH unit for 
the several curves of Figures 16 and 17. 

Deviations between calculated and observed pH 
values at n > 0.5 are easily explained on examination of 
Figure 15 which demonstrates that the acidities of 
poly- and monoprotic acids begin to diverge only as n 
increases above 0.5, that is, when the second dissociation 
of the polyprotic acid begins to contribute appreciably 
to the total {H,;O+}. Obviously, the equilibria of 
equation (4) and perhaps higher equilibria become 
important at higher n values. 


about one in these HCl solutions so that the polymers 


Also, it should be noted that the extent of poly- 
merization also increases with increasing n. If hydroxy 
bridges are responsible for polymerization, then the 
degree of polymerization must depend on the average 
number of coordinated hydroxyls per metal atom. By 
equation (3), as n increases this average number of 
coordinated hydroxyls must also increase inasmuch as 
addition of base must shift the equilibrium to the right. 

If the average number of coordinated hydroxyls per 
metal atom is 0.5 or less, then only dimers should be 
important. However, if there is one OH~ per M atom, 
assuming monohydroxy links, chains of infinite 
length are possible. If dihydroxy links are required to 
form stable polymers, then up to one OH~ /metal atom 
only dimers are important. As n increases above one, 
some trimers might be formed as in equation (12). 
Several other mechanisms leading to trimer formation 
may also be written. When the average number of 
hydroxyls per metal atom is two, infinite chains are 
possible, etc. These effects would contribute to the 
acidity of the solutions and account for the discrepancies 
between observed and calculated pH values at n > 0.5. 

The equilibria at higher n values have been of especial 
interest to Prof. L. G. Silleri and co-workers in Sweden. 
Sillen has recently proposed (45, 46) that the “high-n”’ 
data may be treated as the result of a ‘‘core and link” 
mechanism, where a core of formula [M,(OH),] adds 
links of formula [M(OH),], so that the various polymers 
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Figure 20. Agr 


Acidity of scandium buffers at C = 1.000 X 10-2 M,t = 25.0°C., 4 = 
1.000. Solid curve calculated from dimerization equilibrium constants; 
closed circles are experimental points. 
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@ Values of Ka calculated from K, and K, by Pokras. 
> Brosset assumes 30H — in the dimer. 

¢ Graner and Silleni give only Ko. 
4 Nitrate rather than perchlorate system. 
¢ Fora monohydroxy bridge dimer. 


By assuming Ka & 104, K; may be calculated. 


4 Authors state no polymers are formed in this system. Also, they indicate unusual case of K, > K, is not a typographical error. 


in solution may all be written in terms of the general 
formula M,[M(OH), ],, where s, ¢, and n are all integers. 

The details of this general treatment are somewhat 
too complex to be presented here although the principle 
is simple. Sillefi and co-workers are currently in- 
vestigating the ‘aquo chemistry” of the metal ions 
systematically. In general, metal ions are being studied 
in sodium perchlorate media at a total ionic strength of 
three and at 25°C. The data for ions which do form 
polymers have been analyzed by the core-link approach, 
and satisfactory agreement between calculated and 
experimental values of the data has been found for all 
such systems studied. 

Equilibrium constants derived by the Silleri school 

are included in Table 11 (38, 49, 51, 52,53). As more 
careful data of this type are available it may become 
possible to correlate these properties of the aquo-ions 
with data such as ionic radii, electronegativities, 
ionization potentials, lattice energies, heats of solution, 
etc. It also appears possible that data of this nature 
may be of value in the study of aqueous solubilities of 
inorganic compounds. 
As in the data of Brénsted, these data indicate that 
the aquo-metal ions may be quite strong when com- 
pared with other “weak acids.”’ Thus, Bit®, with K, = 
6.5 X 10~%, is exceeded in acid strength only by a very 
few weak acids (in aqueous solutions). Even more 
surprising, perhaps, are the large values of K, found in 
all cases where dimerization does occur. In these 
cases, the tendency of the conjugate aquo-bases to 
form polymers is so great that the concentrations of 
monomers must be very small relative to concentrations 
of polymers. 

With regard to the effect of temperature and of ionic 
strength on these equilibria, there are as yet few reports 
in the literature, and it is therefore rather dangerous to 
generalize. Reference may be made to the paper by 
Kilpatrick and Pokras (54) and to Table 9 above. 
Having considered some of the species which are 
believed to exist in aqueous systems, we next consider 


how this information can be applied to a further 
understanding of the properties of such systems. The 
last paper in this series will present a brief discussion 
of such applications, as well as some additional quanti- 
tative data on the extent of complex formation in 
aqueous systems. 


LITERATURE CITED 


(21) Kinpatrick, M., ano L. Poxras, J. Electrochem. Soc., 100, 
85 (1953). 

(22) AurLanp, S., Acta Chem. Scand., 3, 374 (1949). 

(23) Bserrum, N., Z. physik. Chem., 59, 336 (1907). 

(24) Kenney, M. E., anp A. W. LauBenaayEr, J. Am. Chem. 
Soc., 76, 4839 (1954). 

(25) LunpGrREN, G., ano L. G. SILLeN, Arkiv Kemi, 1, 277 
(1949); Naturwissenschaften, 36, 345 (1949). 

(26) Lunparen, G., Arkiv Kemi, 5, 59 (1952). 

(27) Ibid., 4, 421 (1952); 5, 59 (1952). 

(28) Mriuuican, W. O., J. Phys. & Colloid Chem., 55, 497 (1951). 

(29) Tona, J. Y., ano E. L. Kina, J. Am. Chem. Soc., 75, 6180 
(1953). 

(30) SHerritt, M. S., C. B. Kine, anp R. C. Spooner, J. Am. 
Chem. Soc., 65, 170 (1943). 

(31) Herpt, L. J., ano M. E. Surru, J. Am. Chem. Soc., 70, 
2476 (1948). 

(32) Kina, E. L., anp M. L. Pannow, J. Am. Chem. Soc., 74, 
1966 (1952). 

(33) Rasrnowircd, E., anp W. H. Stockmayer, J. Am. Chem. 
Soc., 64, 335 (1942). 

(34) Oxson, A. R., ano T. R. Stwonson, J. Chem. Phys., 17, 
348, 1167 (1949). 

(35) Pautina, L., “The Nature of the Chemical Bond,’’ Cornell 
University Press, Ithaca, New York, 1945, pp. 112-23. 


(36) Sacconi, L., anp R. C1n1, J. Am. Chem. Soc., 76, 4239 
(1954). 

(37) Mutay, L. N., ano P. W. SELwoop, J. Am. Chem. Soc. 
77, 2693 (1955). 


(38) HepstrGm, B. O. A., Arkiv Kemi, 6, 1 (1953). 

(39) R. M., W. C. Vossuraeu, J. Am. Chem. Soc., 
77, 1352 (1955). 

(40) Connick, R. E., anp W. H. McVey, J. Am. Chem. Soc., 
71, 3182 (1949). 

(41) Zreven, A. J., “The Hydrolytic Polymerization of Zir- 
conium,” Thesis, Radiation Laboratory, University of 
California, Berkeley, July, 1953. UCRL-2268 A.E.C. 

(42) Kraus, K. A., ano J. S. Jounson, J. Am. Chem. Soc., 75; 
5769 (1953). 


43) Jon 

Ci 
44) PoK 
45) SULL 


230 JOURNAL OF CHEMICAL EDUCATION fyoLUM 
TABLE 11 
Results of Recent Studies on Aquo-Ion Acidity 
Aquo- Tonic a 
Ton Investigator strength Ki Kz Ka Ko 
Al* Faucherre (47) 0.60 1.07 X 10-6 5.56 X 1032 
Bits Graner and Sillén (49) 3.000 2.5 X10-%¢ cin 104¢ 
Cutt Pederson (50) 0.3004 4.79 x 10-9 3.16 X 10-7 3.25 X 105¢ 
Fett Hedstrom (51) 3.000 3 x< 10-1 
Hedstrom (38) 3.000 9.0 4.9 X1077 1.5 
Hgtt Hietanen and Sillen (52) 0.5 2.0. 2.5 X10-3 
Sct3 Kilpatrick and Pokras (21) 1.000 1.17 X 10-5 he 7.4 X 103 
Tit Biedermann (53) 3.000 7 x< 10-2 3 X10-? oe 
UO,++ Ahrland (22, 44) 1.000 1.76 10-6 4.1 105 
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Tue experiment described in this paper is designed for a 
classroom discussion demonstration or as part of a 
laboratory course in polymerization redactions. The 
use of a low-temperature redox system for suspension 
polymerization of various monomers is demonstrated. 
The experiment can be safely used to illustrate certain 
polymerization stages. It consists of polymerization 
of vinyl type monomers that are partially water soluble 
in the presence of a persulfate type oxidizing agent 


tor). Vinyl type monomers that can be readily 
polymerized include acrylonitrile, vinyl acetate, ethyl 
methacrylate, etc. From two to five minutes are re- 
quired for the usual experiment; however, it can be 
modified to cover a longer period of time. 

The importance of redox-initiated polymerizations 
was discovered by accident in England and Germany 
about the same time. The discovery was made through 
the use of reducing agents to offset the inhibiting effect 
of oxygen. In this way the inhibition periods were 
eliminated and at the same time the rate of polymeriza- 
tion was increased. Bacon! carried out the earliest 
systematic study of the rates of polymerization of a 
number of monomers in aqueous solution. The work 
carried out in Germany during the war is summarized 


‘Tby Kern.? Kolthoff and others*. have made a fairly 


complete study of the efficiency of various types of 
redox systems. The experiment outlined here has 
added interest because it deals with polymerization at a 


' Bacon, R., Trans. Faraday Soc., 42, 140 (1946). 

* Kern, W., Makromol. Chem., I, 199 (1948). 

I. M., anp A. I. J. Polymer Sci., 5, 

391 (1950). 

Mepauia, AND M. Youss, J. Polmer Sci., 6, 93 
51). 


(initiator) and titanous sulfate reducing agent (activa- | 


LOW-TEMPERATURE POLYMERIZATION 


A Laboratory Demonstration 


L. T. JENKINS 
The Chemstrand Corporation, Decatur, Alabama 


convenient temperature using materials that are rela- 
tively safe and easy to handle. 

This demonstration can be carried out on any 
desired scale from test tube up. Large amounts, 
however, should be cooled to prevent excessive tem- 
perature build-up. Test tube amounts are suggested. 

Materials. (1) Vinyl monomers: acrylonitrile, vinyl 
acetate, ethyl methacrylate, etc. It is not necessary 
to purify any of the above monomers. Caution should 
be exercised in handling any vinyl monomer, 7. e., avoid 
inhaling and spilling on the skin. 

(2) Potassium persulfate: the desired quantity can 
be weighed directly into the reaction vessel or an ali- 
quot taken from a standard solution. 

(3) Titanous sulfate: a 30 per cent solution is 
available commercially. 

The following procedure is satisfactory: Twenty 
grams of distilled water are measured into a test tube. 
Vinyl monomer is then added to give a ten-to-one water/ 
monomer ratio. Persulfate oxidizing agent (0.5 per 
cent based on monomer weight) is added by direct 
weighing or aliquot. The mixture is slowly but thor- 
oughly stirred and titanous sulfate solution added drop- 
wise until 0.5 per cent based on monomer weight has 
been introduced. Continuous stirring should be main- 
tained. Within a few seconds after the addition of 
titanous sulfate, opalescence in the tube indicates that 
active polymerization has started. This is followed by 
the appearance of an emulsion. It breaks in a short 
time and polymer precipitates from the solution. Poly- 
merization continues for a short period of time. 

The reaction can be stopped at any time either by 
diluting with ice water or by the addition of an inhibitor 
such as hydroquinone. 
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* COLLEGE ADMISSION WITH ADVANCED 


STANDING’ 


FOREWORD 


In the autumn of 1953 the faculties of 12 collegiate 
institutions* voted to consider for advanced credit in 
1954 entering students who during their last year in 
secondary school studied certain experimental courses 
designed and taught at the college-freshmen level. 
This action was one step in the experiment begun in 
January, 1952. 

The study began with four opinions or prejudices: 
for the bright student who is well taught the American 
system wastes time; the best place for a school boy 
is school; the best teachers of 17-year-olds are 
as likely to be found in schools as universities; and 
the increase of professions depending upon graduate 
work and the necessary extension of graduate training 
for doctors, engineers, scholars, scientists, lawyers, 
ministers, and business men puts increasing emphasis 
on efficient use of the years available for study. 

The purpose of the study was to assist the strong 
secondary schools, both independent and public, in 
planning and teaching courses in 11 subjects con- 
ventionally taught to college freshmen in order that 
able school boys and girls may proceed farther than at 
present in the standard studies of a liberal education. 
When in full operation the advanced or honors courses 
in some of the subjects will start in the tenth and 
continue through the twelfth grade, preparing students 
for sophomore-level work in the subject at college. 
Thus able young people may expect to enter college 
at the conventional age but with more extensive 
preparation than at present. 

To give official standing to the intensive advanced 
study in secondary schools, the colleges agreed to con- 


1 Material for this article is taken in part from the Announce- 
ment and Bulletin of Information published by the School and 
College Study of Admission with Advanced Standing, January, 
1954, and the report of its committee on chemistry, June, 1953. 
The author described this program in a paper before the First 
Chemistry Institute sponsored by the National Science Founda- 
tion, University of Wyoming, July, 1954. 

2 Chairman, Commission on the Advanced Placement Program, 
College Entrance Examination Board. 

3See Footnote 7 for the collegiate institutions involved. 
Later Harvard, Northwestern, and the University of Pennsyl- 
vania became formal participants in the study. 


I. Report of the Committee on 
Chemistry 


BAYES M. NORTON: 
Kenyon College, Gambier, Ohio 


sider examinations and other evidence of accomplish- 
ment as a basis for awarding credit toward the bachelor’s 
degree. 

The central committee, supervising the program 
and representing 12 schools or school systems as well 
as the 12 colleges, enlisted the aid of 81 scientists and 
scholars who were teaching in school or college. These 
instructors were organized in 11 subject-matter com- 
mittees as follows: English composition, literature, 
Latin, French, German, Spanish, history, mathematics, 
physics, biology, and chemistry. William H. Cornog,' 
president of the Central High School, Philadelphia, 
was given a year’s leave to serve as executive director 
of the Study. 

The subject-matter committees set out to define and 
describe standards and requirements for first-year 
college work which might be taught in the schools. 
During the academic year, 1952-53, the subject-matter 
committees each held a series of meetings and in May 
and June of 1953 submitted their reports to the central 
committee. The subcommittee on individual develop- 
ment also submitted its report. The 12 reports, with 
a foreword by the general chairman, President Chalmers 
of Kenyon College, were printed and circulated to the 
faculties of the 12 colleges for their vote. In the 
autumn of 1953, the faculties held discussions of the 
recommendations of the study and, with no college 
dissenting, voted approval of the experimental plan to 
consider for admission with advanced credit able 
students who had received instruction at the level 
defined by the committees and had met the standard 
set by the advanced-credit examinations. 

Overlapping with the work of the School and College 
Study a report was prepared by faculty members of 
Andover, Exeter, Lawrenceville, Harvard, Princeton, 
and Yale and published by the Harvard University 
Press, under the name “General Education in School 
and College.”’ This report proposed an experiment 
under the direction of the College Entrance Examiia- 
tion Board to examine the feasibility of constructing, 
administering, and gaining collegiate recognition for 
examinations to be used, not for admission to college, 


‘ Present address: New Trier High School, Winnetka, Illinois. 
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but for placement after admission. A number of 
faculty members of the institutions involved in prepar- 
ing this report, known as the “Andover Report,” 
served on subject-matter committees of the School 
and College Study.® 

Examinations prepared and graded by the subject- 
matter committees of the School and College Study 
and administered by the Educational Testing Service, 
(Princeton, New Jersey) were set in May in 1954 and 
1955. The results (along with the examination blue- 
books and materials from the schools) were sent in 
September to colleges where the students were actually 
“on-board”; so, college admission was not involved. 

A statistical survey made by the Educational Testing 
Service on the 1954 grep shows 483 candidates in 
94 colleges. Of those receiving some kind of credit 
at the original 12 colleges, 45 per cent stood in the upper 
sixth of their college classes; at Harvard, Yale, and 
Princeton, who together had nearly three times as 
many candidates, the figure was 38 per cent. In- 
spection of the raw data indicates a higher performance 
than in other courses in advanced college courses for 
which the advanced-standing examinations had pro- 
vided the prerequisites. There were no failures. 

In 1955 there were 1522 examinations administered 
to 925 students. 

In 1956 examinations will be set in. May by the 
College Entrance Examination Board under the 
supervision of a Commission on the Advanced Place- 
ment Program. Professor Charles Keller, chairman of 
the history committee of the School and College Study, 
on leave from Williams College is serving as program 
director. The examinations are being prepared by 
C. E. E. B. committees made up in part of individuals 
from the corresponding School and College Study 
Committees. 

The C. E. E. B. plans to continue the excellent 
school and college teacher relations developed under 
the School and College Study. 

The program will have an increasing importance in 
the era of rapidly increasing school and college enroll- 
ments; the problems of quality must not be lost in the 
overwhelming problems of quantity. 

By way of introduction to the June, 1953, report of 
the committee on chemistry it will perhaps inform 
the thinking of teachers in both school and college to 
quote from the concluding paragraphs of the report 
of the committee on individual development: 


The committee wholeheartedly supports the values of a liberal 
education and would caution school advisers not to let these op- 


* Note added in proof: It should be stated clearly that the 
Andover Report included in its proposal a study “. . . to see 
whether college teachers would accept good performance on an 
advanced placement test as equivalent to passing college courses.” 
The implication is that wasteful duplication of work between 
scliool and college be eliminated by seeing to it that the superior 
student gets a course in school that is the equivalent of a college 


course, 
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portunities for advanced work become vocational in primary in- 
tent. The gifted student should focus on the academic challenge 
and the possibilities for personal enrichment, and not be urged to 
think and aim for possible future professional fields too early in 
his development. We recognize the fact that gifted students are 
apt to feel a sense of urgency to get on with professional study, 
and may therefore look upon a plan for advanced credit as merely 
a timesaving, cornercutting device toward that end. We have 
been aware of a tendency to regard both college preparatory 
courses in school and liberal-arts courses in college as mere step- 
ping stones of credit to the happy shore of a professional course of 
study and a career. The saving of time in school and college, 
though often important from the point of view of family finances 
and also by reason of the extraordinary pace of development of an 
individual student, is not the essence of this program for advanced 
credit. The essence of what we seek may rather be expressed in 
terms of compressing the school and college experience of the 
very able in such a way as to make its impact and meaning con- 
tinuously more challenging and rewarding, and to awaken and 
constantly to stimulate the reason, imagination, ethical sensibili- 
ties, and capacities for moral commitment and action in our highly 
endowed youth. 

We deplore but accept the necessity of measuring scholastic 
progress by credit counts, but we do not accept the mere acquisi- 
tion of credit as the aim of our plan. We do, however, hold that 
credit demonstrably earned should be awarded and not be with- 
held because of scruples of academic bookkeeping. Our chief 
concern is that the college credit earned in a secondary-school 
course represents an experience in personal growth as well as a 
mature grasp of the subject itself. 

The examinations described in the subject-matter reports, 
and now being prepared by the examining committees, are em- 
ployed as an effective method of definition of courses and stand- 
ards. The purpose of the study is to promote and develop courses 
and teaching, and the central committee is exploring other ad- 
ditional means to this end such as corference, visitation, and post- 
graduate study by teachers, and development within some of the 
subject-matter groups of new outlines and texts. The com- 
mittee on individual development concludes, 

We are confident that school and college teachers who under- 
take to share the responsibility and delight of educating our 
gifted students as they should be educated will not only contrib- 
ute to the founding of strong and mutually beneficial school and 
college relations, but will help to establish a standard of educa- 
tion in which the nation can take pride. 


With an agreeing eye on propositions (2) and (3) 
from an address, “Science in higher education,’”® 
presented before the annual meeting of the American 
Council on Education by Joel H. Hildebrand: 

(2) Any serious intellectual interest that has been aroused in 
a student is so valuable as a basis for his fuller development that 
it should not be interrupted by a requirement that he follow an 
arbitrary plan of preliminary “general education’’ and 

(3) The time to interest students of science in literature, social 
studies, the fine arts, or philosophy, is in the later years [of their 
college programs], 
the writer commends this statement of the committee 
on individual development. A chemistry major with 
its demand in early college years for a parallel pro- 
gression in fundamental mathematics, physics, and 


chemistry leading to a limited number of upper-class 


chemistry courses, can provide an especially good 
opportunity for the student to broaden his horizons 
after he has reached a greater intellectual maturity. 


6 HILDEBKAND, JoeL H., The Educational Record, Vol. 36, bo. 
1 (1955). 
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THE COMMITTEE ON CHEMISTRY’ 


The function of the committee on chemistry was to 


propose to the cooperating schools and colleges a 
description and definition of a course in general chem- 
istry which if successfully completed in the secondary 
school would qualify the student for college graduation 
credit. In other words, this course would in the judg- 
ment of the colleges have a status equal to that which 
the same course now has when given at the college 
level. Obviously, it would have the same general 
objective. Likewise, it is assumed that the level of 
accomplishment should be much the same. 

The objectives of the chemistry course under dis- 
cussion may be grouped into three categories: (1) 
those that relate to the development of the student as 
an individual, (2) those that relate to chemistry as a 
systematic and intellectual subject, and (3) those that 
relate to an appreciation of chemistry and its methods 
as essential parts of our heritage and important factors 
in our developing culture. In this discussion the 
committee is directing its attention to the latter two 
categories, leaving the former to the committee on 
individual development. 

The two statements below are taken as representative 
from those given to the committee by the 12 institutions 
in response to a query on objectives. 


(1) Beginning general chemistry (in college) is conceived as 
an introduction to chemistry. It concerns itself with the funda- 
mental assumptions and the logical structure® of chemistry. 

(2) The students should attain such a competence in dealing 
with simple chemical problems that they will feel a justifiable self- 
confidence within these fields. 


The emphasis is (1) on chemistry as an intellectual 
subject and (2) on the rigorous training in fundamentals 
needed in preparation for future work in it or in related 
fields. 

The understanding of chemistry as an intellectual 
subject requires a certain degree of maturity. We 
must not forget, however, that there is a wide range of 
maturity just as there is of ability among youth of the 


7 Members of the committee on chemistry were: Saul Geffner, 
Far Rockaway High School (New York); E. L. Haenisch, Wa- 
bash College; Bayes M. Norton, Chairman, Kenyon College; 
John W. Sease, Wesleyan University; Carleton Spear, New 
Rochelle High School (New York); Luke E. Steiner, Oberlin 
College; H. H. Williams, Horace Mann School (New York City). 

College correspondents representing participating institutions 
were: Samuel E. Kammerling, Bowdoin College; Leallyn B. 
Clapp, Brown University; Arild Miller, Carleton College; 
William E. Cadbury, Jr., Haverford College; E. Lee Gamble, 
Massachusetts Institute of Technology; Grant H. Harnest, 
Middlebury College; Walter B. Keighton, Swarthmore Col- 
lege; James R. Curry, Williams College. 

8 The question has been often raised as to the meaning of this, 
so the complete statement from the college’s reply, including the 
misprint, is given herewith. 

“Our beginning general chemistry course is conceived as an 
introduction to chemistry. It concerns itself with the funda- 
mental assumptions and the logical structure of chemistry, 
broadly conceited to include the behavior of all matter. The 
formulas of substances are related to their structures and to their 
properties. ...”’ 
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same chronological age. It seems reasonable to assume 
that some of our intellectually gifted high-school 
seniors are ready to pursue the type of course in 
chemistry which is now reserved to the college freshman, 

In effect, we are asking if the schools can share 
with the colleges the responsibility of preparing the 
unusually able and advanced student for sophomore 
matriculation, either in whole or in part. 

The committee would also like to emphasize its 
belief that the advanced high-school work which it is 
proposing should not displace any other part of the 
basic curriculum for any student. Rather, it is felt 
that the usual senior-year curriculum at the high- 
school level does not stretch the ablest students to their 
capacity. Accordingly, it is the opinion of the com- 
mittee that there is room even now for the enrichment 
which it is suggesting. 

The committee is not attempting to describe the 
content and objectives of a regular secondary-school 
course. It emphasizes that its concern is with work 
beyond the regular underlying school co'~7e°; the 
extra work represents college level work and is not part 
of the requirement for admission to college in the 
normal way. 


DESCRIPTION OF THE GENERAL CHEMISTRY 
COURSE 


Early in the study by the committee it became 
apparent that the 12 participating colleges are agreed 
in principle on the role of the general chemistry course 
in the college program, but that each college now 
exercises freedom in selecting ways and means for 
reaching the objectives. Chemistry is broad enough 
and rich enough in detail to permit many alternatives 
in its teaching. It became apparent, also, that present 
secondary-school chemistry courses usually do not now 
meet the college standards. How can the college 
course in general chemistry be described to secondary 
schools without recourse to a standardized syllabus 
(which at best could describe only one of the current 
college courses)? The description of a chemistry course 
proper for advanced standing becomes one of the most 
difficult tasks of the committee and, at the same time, 
the most important task. 

It is relatively easy to describe what will not measure 
the quality of a secondary-school course. A syllabus 
will not because the level of treatment is more 
important than the kind of illustrative material used. 
A common examination will not because it tends to 
standardize the courses and to restrict the freedom and 
initiative of the teacher. There is no desire to impose 
greater uniformity on the secondary schools than now 
exists in the colleges. However, some positive state- 
ments may be made. Differences between college and 
secondary-school courses now exist with respect to: 


(1) Kind of textbook used, 


® There is available a report entitled ““A minimum syllabus for 
a college preparatory course in chemistry’’ (J. Cuem. Epvc., 27, 
46 (1950)) prepared by a committee of the New England Associa- 
tion of Chemistry Teachers. 


Ther 
ference 

Qual 
and la 
more n 
do hig 
assume 
probler 

Quai 
topics 
experir 
time 
as in t 
and la 

In ec 
periods 
dividu: 
year (€ 
tion is 
vidual 
ments, 
one as 
effectin 
the se 
spend 
for a 
sugges 
the tin 
the we 

The 
in terr 
of ack 
work 1 
all the 

The 
simila: 
college 
substa 

Ano 
questi 
tions. 
report 


secon 
indivi 
labora 


Ther 
observ: 
ing anc 


(2) 
(3) 
4) 
2 
Le 
| 
| 
he 
ig 
| 
| 
i 
i: 
; 
As | 
report 
Bec 
| 


ICATION 


) assume 
th-school 
ourse in 
eshman, 
in. share 
ring the 
phomore 


asize its 
ich it is 
t of the 
t is felt 
high- 
to their 
he com- 
ichment 


ibe the 
y-school 
th work 
the 
not part 
in the 


became 
agreed 
r course 
ze now 
ans for 
enough 
natives 
present 
lot now 
college 
ondary 
yllabus 
current 
Course 
most 
e time, 


reasure 
yllabus 

more 
1 used. 
nds to 
ym and 
impose 
now 

state- 
ge and 
to? 


for 
UC., 27, 
A ssocia- 


VOLUME 33, NO. 5, MAY, 1956 


(2) Amount of laboratory work done by the 
student, 

(3) Amount of time spent by the student on his 
course, and 

(4) Emphasis on mathematical formulation of 
principles and solutions of arithmetical prob- 
lems. 


There are both qualitative and quantitative dif- 
ferences. 

Qualitative differences appear in the level of textbook 
and laboratory work. College textbooks assume a 
more mature handling of principles and theories than 
do high-school texts. The college laboratory work 
assumes fewer “exercises” and more experimental 
problems. It also assumes a better mastery of theory. 

Quantitative differences appear in the number of 
topics treated in the textbook, and in the variety of 
experiments in the laboratory. They appear in the 
time spent by the student in individual study as well 
as in the amount of time spent by the student in class 
and laboratory. 

In college the typical student spends three 50-minute 
periods in class and from three to four hours in in- 
dividual laboratory work in each week of the academic 
year (exclusive of examination periods). The presump- 
tion is that the student also spends six hours in indi- 
vidual, unsupervised study in preparation of assign- 
ments, some of which require written work. Unless 
one assumes that secondary-school teachers are more 
effective than college teachers one must conclude that 
the secondary schools should expect the student to 
spend an equivalent amount of time in order to qualify 
for a year of advanced standing. The committee 
suggests that the secondary schools choose to increase 
the time spent within a year or, alternatively, to spread 
the work over one and one-half years. 

The level of work expected may best be described 
in terms of college textbooks. These indicate the level 
of achievement but not necessarily the quantity of 
work required. The colleges do not now cover in detail 
all the material in the larger textbooks. 

The secondary schools should be expected to make 
similar choices in quantity of work, but, like the 
colleges, they should expect the quality of work to be 
substantial. 

Another indication of level of achievement are 
questions used by colleges in their tests and examina- 
tions. Samples are given in a supplement to this 
report. 

As a further help there is given at the end of this 
report a list of topics usually treated more thoroughly 
in a college than in a secondary-school course. 

Because the discrepancy between college and 
secondary-school chemistry is especially evident in the 
individual laboratory work, a discussion of desired 
laboratory work is given in some detail. 

There should be a minimum of 70 hours devoted to individual 


observations of chemical substances and reactions, to the record- 
ing and interpretation of data, and to the calculation of the in- 


dividually obtained quantitative data. Time devoted to class 
and laboratory demonstrations of reactions described in the text 
should be beyond the 70 hours. Time devoted to “study assign- 
ments’’ of the type which involve no experimentation, such as 
the plotting of melting points versus atomic numbers, should not 
be counted in the 70 hours. Some semi-quantitative experiments, 
done to a precision of approximately one per cent, must be indi- 
vidually performed. These will require use of triple-beam bal- 
ances sensitive to one centigram, or preferably pulp or analytical 
balances sensitive to at least one milligram. It is desirable that 
the following areas be represented by experiments: (1) deter- 
mination of formula of some kind, e. g., that of cuprous sulfide, 
a hydrate, etc.; (2) determination of molecular weight by 
vapor density, freezing point depression, etc.; (3) determina- 
tion of equivalent weight by hydrogen displacement, acid-base 
titration, etc. The student should have some experience in 
glass working, weighing, filtration, distillation, titration, collec- 
tion and handling of gases, and possibly in design of apparatus 
for some experiments. 

Reactions should be performed which illustrate the important 
descriptive chemistry of oxygen, hydrogen, water and solutions, 
halogens, sulfur compounds, nitrogen compounds, phosphates, 
the common cations (including a representative or two of transi- 
tion elements, such as copper, chromium, manganese, etc.). The 
student should have an understanding of the experimental mean- 
ing of amphoterism, weak electrolyte, complex ion, oxidation- 
reduction, shifting of equilibria, solution of precipitates. 

Some of the laboratory work devoted to descriptive chemistry 
ought to involve analysis of unknown mixtures partially by indi- 
vidually devised schemes and partially by systematic qualitative 
analysis. The former is more important than the latter. 

Throughout the work emphasis should be on accurate, truth- 
ful, and complete observations of experimental results (e. g., in 
electrolysis of water the volume of hydrogen collected is not ex- 
actly twice the volume of oxygen). It would be best in the reac- 
tions used for descriptive purposes to do others than those de- 
scribed in detail in the text (e. g., dissolve lead in nitric acid in- 
stead of copper if the text describes the reaction of the latter 
metal). 

The best single way for making clear to the secondary- 
school teacher the level of achievement desired in the 
general chemistry course is mutual discussion between 
him and the college teacher. More general conferences 
in summer work shops also seem desirable, especially 
in the early stages of the program. 

A further factor bears on the level of achievement. 
None of the member colleges would place in charge 
of a class in general chemistry a teacher who has not had 
graduate work in chemistry. It is difficult to see how a 
teacher who has not had the equivalent of a chemistry 
major program (including physical chemistry) can 
have sufficient breadth and depth in chemistry to 
achieve the objectives of a college general chemistry 
course. For example, a teacher who discusses the gas 
laws should know soniething about the nature of and 
extent to which real gases deviate from the laws. 

This section may be summarized as follows: what 
college chemistry teachers are really willing to give 
credit for is quality, not quantity, of achievement 


‘with emphasis on thinking, reasoning, and command of 


fundamental ideas, rather than masses of memorized 
facts. 
EVALUATION FOR CREDIT 


In the long run the school teachers will be in the best 
position to judge whether a student has reached 
sufficient maturity to enter a sophomore-level course. 


| 
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Ideally the relationship between the school and college 


in determining whether the student should be granted 
advanced credit. 

It is recognized, however, that in the initial stages of 
the program and also whenever a new school or college 
enters the program, some form of examination will be 
necessary until the school personnel learns exactly what 
level of achievement is expected in the college, and the 
college personnel gains confidence in the reeommenda- 
tions by the school. Furthermore, examinations can 
serve not only as a measure of the student’s achieve- 
ment (this program stresses achievement rather than 
aptitude alone) but also as a guide to the level of ac- 
complishment and competence expected. The com- 
mittee hopes most emphatically that their work should 
not be used as a guide for cramming, nor should it put 
such a burden on the teacher that he will not feel free 
to use his own ideas and initiative in developing the 
advanced level work. 

The committee recommends a bipartite examination 

with about the same time allowed for each part. For 
the first part the A. C. 8. Cooperative Examination in 
General Chemistry, a test with broad coverage, is 
suggested. It is emphasized that teachers should not 
try to prepare students to answer every question on a 
test of this kind; in order to be broad enough in scope 
to give every student who has covered an adequate 
amount of material an opportunity to make a good 
showing the test must be so comprehensive that no 
student would be expected to make a perfect or near 
perfect score. Thought-provoking problems and ques- 
tions, based on the most fundamental topics of begin- 
ning chemistry, should be included. 
It is proposed that the second part of the examina- 
tion consist of selections by the candidate from a num- 
ber of more difficult problems, and of essay-type ques- 
tions giving him an opportunity to demonstrate his 
ability to think clearly and to present his own ideas in 
a logical, convincing, and pleasing fashion. This is an 
ability which the student must have in order to take his 
place in advanced courses in college. 

The committee on chemistry does not feel that it is 
essential that in any year all candidates in chemistry 
take precisely the same test since it is desired not to ob- 
tain a ranking for the students, but simply to establish 
the fact that they have attained a certain minimum 
level of achievement. The committee recommends 
that the examination be used as a final examination in 
the school course, given in June. 

Oral tests extending the written examination, con- 
ducted by visiting examiners similar to what is done for 
honors in some colieges, would be a possible procedure 
on a limited scale and would be far more worthwhile in 
connection with the pilot programs than an extensive 
program of normalized, objective examinations. 

In some colleges, particularly those where general 
‘chemistry is started in the second semester of the fresh- 
man year following a semester of physics or physical 
science, it may be possible to gain credit for one semester 


should be such that simple certification would suffice 
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of chemistry rather than a full year’s work. Where the 
school course is concerned with the objectives of earning 
only a semester’s credit, fundamental principles should 
be emphasized. A year’s credit would require addi- 
tional study involving application of the principles. 

To warrant advanced credit it is believed that, in 
general, a grade of B should be obtained in the school 
course or examination. Although a performance below 
this level gets credit in a college course, the present 
situation concerns students of honors caliber and it is 
not likely that the ordinary, pedestrian accomplishment 
of a C grade would satisfy them. Furthermore, more 
than hours of credit is involved in earning the right to 
enter a course at an advanced level so that the course 
of study leading to a bachelor’s degree might be shorter. 
Intellectual maturity must be clearly demonstrated 
upon entering college and this would certainly be re- 
flected by a superior record in the advanced-level schoo! 
course. 


TOPICS TO BE STUDIED FOR EARNING ADVANCED 
CREDIT IN CHEMISTRY 


These topics are supplementary in many instances to the ma- 
terial covered in a regular school course. The list has been con- 
structed from replies to a request for information sent to the par- 
ticipating colleges. It would not be expected that any one course 
could cover all these items in detail. 


I. Chemical calculations 
Per cent composition, definite proportions, multiple 
proportions 
Weight and volume relationships in equations 
Gas laws, including Dalton’s 
Molecular weights from vapor density and f. p., b. p. 
measurements 
Molecular formulas from composition and molecular 
weight 
Equivalent weights 
Atomic weights by Cannizarro and DuLong and 
Petit 
Formal, molar, normal, and molal solutions, and mole 
fraction 
Faraday’s law of electrolysis 
Use of equilibrium constants (See also G.) 
ructure of nratter 
Evidence for atomic hypothesis—atomic weight 
Evidence for subatomic particles—proton, neutron, 
and electron 
Periodic law and its relation to atomic structure 
Atomic number and mass number 
Electron energy levels (orbitals) 
Accounting for transition and rare earth elements 
Isotopes 
Nuclear energy—radioactivity, transmutation, fis 
sion, and fusion 
Structure of crystalline solids—molecular, covalent, 
and ionic—hydrates 
Combination explained in terms of atomic structure 
1. Electrovalence 
2. Covalence 
3. Coordinate covalence 
States of matter 
A. Kinetic-molecular theory: dependence of the kinetic 
energy of motion of molecules upon the tempera- 
ture; differences between solids, liquids, and gases 
from kinetic molecular viewpoint. Deviations 
from the gas laws—van der Waals forces 
B. Properties of liquids and solids 
1. Liquefaction of gases and critical temperatures 
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2. Understanding of simple phase diagrams, as of 
water 
3. Molecular and ionic crystals 
C. Solutions and colloids 
1V. Oxidation-reduction 
A. Valence number concept and role of electron in oxi- 
dation-reduction 
B. Prediction of direction of redox reactions from a 
table of standard electrode potentials 
V. Electrochemistry, electrolytic and voltaic cells 
VI. Acid-base relationships 
A. Salts and strong bases 
B. Elementary acid-base theory 
C. Acids and bases—strong and weak 
Equilibrium 
A. Principle of Le Chatelier 
B. Equilibrium constant, extent of ionization, buffer 
solutions, amphoterism and complex ions, hydroly- 
sis, solubility product 


Vit. 
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C. Calculation of pH, and ion concentrations in simple 
cases of the above 
Kinetics 
A. Factors affecting speed of chemical reaction 
B. Law of mass action 
C. Idea of energy of activation 
Descriptive chemistry 
A. Use of descriptive chemistry to illustrate the applica- 
tion of principles. Oxygen; hydrogen, inert gases, 
and sodium, potassium, and cesium (for illustrat- 
ing periodic system); alkaline earth metals; 
aluminum; several selected from copper, silver, 
gold, zinc, cadmium, mercury, iron, chromium, 
manganese; carbon and silicon; Group V ele- 
ments; sulfur, halogens 
Action of oxidizing acids on metals, nonmetals, 
halides, and sulfides 
Reactions involving oxycompounds of halogens, and 
compounds of chromium and manganese 


VIII. 


IX. 


<> 


COLLEGE ADMISSION 


STANDING 


Tue previous article (page 232) on this study, which 
involved 12 colleges and 40 secondary schools, sum- 
marized the background and gave the report of its 
committee on chemistry. In accordance with the 
recommendations in that report, advanced-standing 
examinations were prepared in two parts. Part I, 
requiring 90 minutes, consisted of four sections of 
Form G of the A. C. 8. Cooperative Examination in 
General Chemistry in 1954, and two sections of Form 
K in 1955. 

Part II gave a choice of solving two of four problems, 
one-half hour, and two essay questions (one particular 
and one general) selected from a number, one hour. 
The questions used in 1955 for this part of the examina- 
tion are included later in this article. 

In order to obtain an evaluation of the performance 
of school candidates, the departments of chemistry in 


1 Chairman, Commission on the Advanced Placement Pro- 
gram, College Entrance Examination Board, and chairman, 
committee on chemistry, School and College Study of Admis- 
sion with Advanced Standing. The Study was supported by a 
series of grants from the Fund for the Advancement of Educa- 
tion. 


WITH ADVANCED 


II. The Examinations in Chemistry, 
1954-55 


BAYES M. NORTON’: 
Kenyon College, Gambier,Ohio 


the participating colleges were asked in 1954 to have 
students in the general chemistry courses take the ex- 
amination and to supply the readers? with a few sample 
papers written by A, B, C, and D caliber students. 
The college answers to Part II were shuffled in with the 
school papers and the reading was done without know- 
ing whether a college or school paper was in hand. 

The results are tabulated in Table 1. Although a 
slightly different notation was used in 1954, the data 
have been converted into figures consistent with 1955 
usage. Explanatory notes are given beside it. The 
schools are divided into three classes on the basis of 
offering (I) a special course using a college text, (II) 


2 The following have served on the committees of examiners or 
readers: Clarence Berger, Bronx High School of Science (New 
York City); William E. Cadbury, Haverford College; J. Arthur 
Campbell, Oberlin College; H. Marjorie Crawford, Vassar Col- 
lege; James R. Curry, Williams College; Saul Geffner, Far 
Rockaway High School (New York); Edward L. Haenisch, 
Wabash College; John C. Hogg, Phillips Exeter Academy; 
Bayes M. Norton, Kenyon College; Carleton Spear, New 
Rochelle High School (New York). Everett S. Wallis, Princeton 
University, represented the College Entrance Examination Board 
on the 1954 committee of examiners. 


! 
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—Class [I~ 


1954 


1956 


Class I 


Part I 


TABLE 1 
Part II 


Examination Grade Distribution 


Class 0’ 


—1954— 


1954 
J 


1954 


Class 


Percentiles 
90-100 (5) 


Institution 
75-89 (4) 


A. C. 8. National 


25-49 (2) 
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0-24 (1) 
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Notes to Table 1 


Figures represent the number of scores in each of the five 
grade groups indicated. 


Class 0. College control group (Bowdoin, Brown, Carleton, 
iddlebury, Swarthmore, Wabash, Wesleyan, 
illiams). 


Ideally each institution was to submit five papers by A stu- 
dents, five by B, five by C, and five by D. This was done by 
colleges A, F, G, H, and I. For C and D the scores are un- 
selected; the numbers shown represent the total number of stu- 
dents taking the examination. and E sent in about 100 papers 
each; from these the readers made selection of samples at random. 

The assignment of raw scores to percentiles was made using 
tables supplied by the committee on examinations of the Division 
of Chemical Education, American Chemical Society. 

It might seem reasonable to have assigned Part II college 
scores so there would be the same proportion of “5’’ and “4” 
grades as on Part I (ideally 1/2 of the total considering the top 
quartile as honors, if selection had been perfect, if every student 
had performed in accord with his instructor’s estimate, and if 
standards were exactly comparable), but this would have ig- 
nored a much greater spread of performance on Part II than on 
Part I by college students. It is regarded as more realistic to 
make an arbitrary evaluation. Over-all this means that a school 
candidate who scored in the ‘5’ or ‘‘4” group on Part I is in the 
A or B college group on this part. A performance of ‘3’ on 
Part IT is not so satisfactory but nevertheless is considered credit- 
able and as good as that of many of the college students of honor 
standing. 


Class 0’. A one-semester group, a class of freshmen who started 
chemistry in the spring semester, took the examination. 

The participating schools in Classes I, II, and III were: 
Bethesda -Chevy Chase High School (Maryland); Bronx High 
School of Science (New York City); Brookline High School 
(Massachusetts); Columbia High School (Maplewood, New 
Jersey); Far Rockaway High School (New York); Garden City 
High School (New York); Germantown Friends School (Penn- 
sylvania); Hope High School (Providence, Rhode Island); 

orace Mann School (New York City); Howe High School 
(Indianapolis, Indiana); Lawrenceville School (New Jersey); 
Midwood High School (Brooklyn, New York); New Rochelle 
High School (New York); Oak Park High School (Illinois); 
Penn Charter School (Philadelphia, Pennsylvania); Phillips 
Academy (Andover, Massachusetts); Phillips Exeter Academy 
(New Hampshire); St. Paul’s School (Concord, New Hampshire). 


Class I. Schools that offered special courses using college texts 
with the advanced standing examination as objective. For 
example, at school K this was a second year of chemistry; at 
school N the work was covered entirely in the senior year with the 
last two periods of every day available for the course. In one 
case (U) a student did advanced work informally during his 
senior year with a faculty member of a near-by collegiate institu- 
tion. 


Class II. Schools that have been offering for some years more 
than the equivalent of two semesters of regular high-school 
chemistry. In one case (X) this additional work has been quali- 
tative analysis. In others the work has been an advanced 
“minor” course extending through the senior year (V), a semester 
of advanced chemistry in the fall of the senior year after a year of 
regular high-school chemistry (Y), and a semester of advanced 
chemistry in the spring of the senior year following two years of 
an integrated physics-chemistry course (S). 


Class III. Schools that allowed their high standing students 
in the regular two-semester school course (or its equivalent) to 
try the advanced standing examinations. and § have entries 
under both Classes II and III because students with both types 
of preparation participated. 
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more than a two-semester course as a part of its regular 
curriculum, and (III) the regular two-semester course 
for honors-grade students. 

For Part I of the examination a grade of “5” shows a 
score in the top decile of the A. C. S. Cooperative 
Examination as determined by the national norms; 
a grade of “4” in the 75-89 percentile range; a “3” in 
the 50-74; a “2” in the 25-49; and a “1” in the bot- 
tom quartile. 

On Part II a grade of “5” stands for high honors, “4” 
for honors, ‘‘3’’ for creditable, “‘2”’ for passing (possibly 
warranting one semester of college credit), and “1” 
unsatisfactory. (Although the committee on chemis- 
try was not directly concerned with an interpretation 
of its grades in terms of college standards, in which a C 
is usually recognized as a minimum for transfer credit, 
a reasonable comparison is that the “5” and “4” are 
equivalent to A and B; “3” to B— or C+; “2”,C 
or C—; and “1”, D.) 

An encouraging showing is that of two-semester 
(Class III) candidates on Part I of the examinations 
from all schools and particularly from 8’, V’, and W. 
However, the greater proportion of scores in the grade 
“5,74” and “3” categories on Part II, in the cases of 
Class I and Class II candidates, makes it appear that 
the additional time they had for the study of chemistry 
was of value in helping them to make use of their knowl- 
edge as required by the Part II questions. A program 
providing for progression in strength in fields of the 
students’ special talents should clearly qualify them for 
sophomore courses, and cut down duplication between 
school and college curricula. 

The successful development of the principle of con- 
tinuity between school and college demands more than 
simply carrying out testing procedures. Consultation 
between school and college teachers is important, and it 
is a purpose of the Advanced Placement Commission of 
the C. E. E. B. to continue the sponsorship of evaluation 
sessions (involving teachers giving advanced school 
courses and interested college faculty) such as those 
held by the School and College Study immediately 
following the reading of the examinations in 1954 at 
Kenyon, and in 1955 at Oberlin. There must also be 
continuing opportunities for consultation between school 
teachers and professors concerned with general chem- 
istry in near-by colleges. 

In 1954 the separate scores on Parts I and II were 
reported in September to the institutions at which the 
students were enrolled. In 1955 only a consolidated 
score was reported. A “5” or “4” meant that the 
candidate had an honors performance on both Parts I 
and II, while a “3” signified an honors grade on Part I 
but less satisfactory on Part II. The examination 
bluebooks also were sent to the colleges. 

The use which colleges make of this information 
varies. The colleges which participated in the School 


and College Study may grant credit on the basis of the 
advanced courses in school supported by recommenda- 
tions of the teachers, information concerning the 
courses, and performance on the advanced placement 


examinations. Some institutions have automatically 
granted degree credit to a student for the prerequisites 
when he is qualified to enter an advanced course. At 
others it has been proposed that diversification credits 
be granted on the basis of the advanced school work. 
This permits the student to intensify his studies in 
college by carrying four courses in a normally five- 
course curriculum, or it may permit him to enter sooner 
into study programs leading to the degree with honors. 
(Some colleges have the requirement that college credit 
for school work must be validated by high quality per- 
formance in the freshman year.) An important point 
is that the advanced, or honors, courses in school are 
formally recognized by the colleges as being of first- 
year college caliber. This recognition should give 
impetus to the efforts being made in school systems to 
enrich the educational opportunities of gifted students. 

It will be of interest to watch the progress in college 
of students who have taken these examinations. Some 
data have been obtained from a follow-up survey by 


TABLE 2A 
College Performance of Students from Class I School 
Courses 
Exam Exam 
grade grade 
on on College 
PartI PartIl grades Notes 
5 5 A Advanced course in college 
with credit for prerequi- 
site 
5 5 A Same 
4 3 C, B Same 
4 4 B, B uantitative analysis 
5 5 A-,A- llege recommended can- 
didate start quantitative 
analysis as did the pre- 
ceding, but candidate 
chose to defer it to second 
semester 
3 3 B, B+ Same 
5 2 A- One semester of advanced 
freshman course 
4 4 Same 
5 5 A+, A+ Honor section of advanced 
freshman course 
2 2 C, C+ Advanced section of fresh- 
man course 
5 3 A, B+ me 
5 5 A-, A- Advanced freshman course 
completing through first 
semester of sophomore 
year by end of first year 
5 4 A, A+ Same 
5 4 A-, B+ Same 
4 2 B-,B Same 
5 + A Advanced placement 
4 2 B, B Same 
5 2 B Same 
5 5 B, B+ Continued chemistry 
5 5 A Repeated beginning course 
5 3 A, A Same 
5 4 A, A Same 


Information was available for additional Class I cases in which 
chemistry was not taken in the freshman year. Credit for the 
freshman course or recommendation for assignment to sophomore 
course serge deferred to the second year) was indicated for 
five students who had received Part I and Part II examination 

ades of 5-3, 5-5, 5-3, 5-5, and 5-5. No credit was given to 

ve students whose grades had been 4-4, 5-3, 3-3, 2-1, and 2-1. 
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TABLE 2B 
College Performance of Students from Class II School 
Courses 
gr gr 
on on College 
PartI PartII grades Notes 
+ 3 B, C+ Advanced section of fresh- 
man course 
5 3 C+, C+ Given credit for B.A. di- 
versification, but took 
advanced section of fresh- 
man course for B.S. ma- 
jor 


One Class II graduate whose examination grades were 5-5 
was recommended for sophomore chemistry but did not take it 
his first year; two Class II students whose grades were 4-3 and 
3-2, respectively, received B.A. diversification credit; and one 
with grades of 5-2 was not recommended for sophomore chemis- 
try. 


the Educational Testing Service covering the group 
entering college in the fall of 1954. This is shown in 
Tables 2A, 2B, and 2C. “Classes I, II, and III” 
refer to the classification of schools adopted for group- 
ing in Table 1. Since not all students are accounted 
for (over-all subjects questionnaire replies were receivec 
from 71 of the 94 colleges to which candidates went), 
since methods of recognition vary as stated before, and 
since distinctions between advanced college courses and 
special honors sections of first-year courses are not al- 
ways clear, the summary should be regarded as indica- 
tive rather than complete. 

Part II of the advanced standing examinations in- 
cluded the following instructions (1) on the cover of the 
examinations: 


A sheet containing a Periodic Table with Atomic Weights and 
a table of Four Place Logarithms is enclosed for use with Part 


TABLE 2C 
College Performance of Students from Class III School 
Courses 
Exam 
grade 
on on College 
PartI Part II grades Notes 
3 3 A, B Candidate not recom- 
mended by college for 
sophomore _ chemistry, 
took advanced freshman 
course followed by quan- 
tative analysis the second 
semester 
3 C+, C+ Honor section of advanced 
freshman course 
3 A, B Advanced section of fresh- 
man course 
3 B, B Same 
2 B, B Same 
3 C, C+ Same 
2 , B- Same 


The questionnaire replies show that one Class III graduate 
whose examination grades were 3-3 received B.A. diversification 
credit, while neither credit nor recommendation for sophomore 
courses was received by Class III graduates with grades as fol- 
lows: one 5-3, one 4-3, four 3-2, five 2-2, and two 1-1. 
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II. Included are a table of Oxidation-Reduction Potentials at 
25°C. and a table of Vapor Pressure of Water at Certain Tempera- 


‘ tures. Slide rules may be used. The methods used and steps 


involved in arriving at your answers must be clearly shown. 


and (2) directly preceding the essay questions: 


The following essay-type questions are included for the purpose 
of giving the candidate an opportunity to demonstrate his ability 
to think clearly and to present his own ideas in a logical, convinc- 
ing, and pleasing fashion. With this in mind select two questions 
below as instructed, and spend about an hour organizing your 
answers and writing them out. 

Excellence of the discussion will be judged by its organization, 
accuracy of detail, appropriateness and scope of descriptive ma- 
terial, use of diagrams, equations, etc. for summary purposes. 


The questions used in the 1955 version of this part 
of the examination follow: 


Section A (25%) 
Solve either problem 1 or 2 below. 


1. a. The vapor density of phosphorus is 0.013 gram per liter 
at 1650°C. and 50 millimeters pressure. What is the 
molecular formula of phosphorus under these condi- 
tions? 

b. The freezing point of benzene is 5.48°C. The molal 
freezing point constant for benzene is 5.12. The 
freezing point of a solution containing 2.50 grams of 
phosphorus in 100 grams of benzene is 4.46°C. What 
is the molecular formula of phosphorus under these 
conditions? 

c. At 1200°C. and 200 millimeters pressure the experimen- 
tal value for the molecular weight of phosphorus is 
about 65. What is the molecular formula of phos- 
phorus under these conditions? 

d. What conclusions can you now draw concerning the 
element phosphorus? 

2. The skeleton equation for the reaction of potassium per- 

manganate with hydrochloric acid is 


KMnQ, + HCl = KCl + MnCl, + H,O + Ch 


Fifty milliliters of ten molar hydrochloric acid are added 
to 3.16 grams of potassium permanganate. 

a. State, with arithmetic proof, which is the limiting re- 
agent. 

b. Calculate the volume of chlorine, measured at 27°C. and 
one atmosphere pressure, that is liberated. 

c. Calculate the molarity of the chloride ion in the result- 
ing solution, if all the chlorine gas escapes from the 
solution and if the solution is diluted to a final volume 
of 100 milliliters. 


Section B (15%) 
Solve either problem 3 or 4 below. 


3. Compounds XQ and YZ are involved in the following revers- 
ible reaction in the gaseous state. 


XQ + YZ = XZ+YQ 


a. At a certain temperature, 1 mole of XQ and 1 mole of 
YZ are mixed together in a volume of 100 liters. 
Equilibrium is established when 2/; mole of XZ has 
formed. Find the equilibrium constant for the reac- 
tion. 

b. At the same temperature 2 moies XQ, 2 moles YZ, 1 
mole of XZ, and 1 mole of YQ are mixed together in a 
volume of 100 liters. Find the concentration of XZ 
when equilibrium is attained. 

4. Around 30°C., K; for acetic acid, H(C2H;O2), is 2.0 X 10°°. 
0.020 mole of solid Mg(C:H;02)2 is added to 200 milliliters 
of 0.010 M H(C:H;0:) solution. Calculate the [H+] and 
pH of the resulting mixture. 


VOLUMI 


Answer 07 


Answer 


Ir Is t 
of one 
chemi: 
a mer 
Colleg 


teachi 

The 
Schoo 
ending 
develc 
licatic 
practi 
the m 
make 


Philad 


| 
hi 
H 
y 
6. a. 
ig b 
e 
8. Giv 
| 
e 
GE, 
gis 
capac 
y 
ing d 
ip 
re 
Hills F 
2 
Sel 


ATION 


atia ls at 
empera- 
id Steps 
yn. 


purpose 
3 ability 
onvine- 
lestions 
1g your 


ization, 
ive ma- 
ses, 


S part 


er liter 
| is the 
condi- 


molal 
The 
ams of 
What 
these 
rimen- 
rus is 
phos- 
ig the 
per- 
‘lo 
added 
ng re- 
and 
esult- 


n the 
»lume 


vers- 


VOLUME 33, NO. 5, MAY, 1956 


Section C (25%) 


Answer one of the four questions below in Section C. 

5. Copper will react with bromine to form cupric bromide. On 
heating, cupric bromide decomposes to cuprous bromide. 
How could these experiments be used to illustrate the law 
of multiple proportions? 

6. a. Can monoclinic sulfur be kept at room temperature? 

Explain. 

b. Describe how elementary sulfur may be converted suc- 
cessively to compounds in which it has valences of 
+4, +6, and —2 and finally back to free sulfur. 

c. Show the electronic structures of pyrosulfuric acid, per- 
oxydisulfurie or perdisulfuric acid, and thiosulfuric 
acid. 

7. Compare the acidic and basic characteristics of the hydrox- 
ides of the elements of the nitrogen family, including the 
effect of oxidation state. 

8. Give an example of a voltaic cell and an electrolytic cell and 
state the essential differences. Show the half-reactions 
that take place at each electrode and explain the source of 
electrons in each case. 


Section D (35%) 


Answer one of the three questions below in Section D. (Question 


<> 
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11 is designed specially for those students whose course may have 

included work in qualitative analysis. ) 

9. Trace the development of ideas concerning the structure of 
atoms after the time of Dalton to the present. Include 
in your discussion references to (a) periodic law, (5) iso- 
topes, (c) optical and X-ray spectra, (d) transition ele- 
ments, (e) mass defect or packing fraction (effect). 

10. In an article in Fortune magazine on chemical industry the 
following statement appeared, ‘‘... practically every- 
thing in chemical industry springs from four utterly 
simple raw materials: coal, sulfur, limestone, and salt— 
plus that relative newcomer, petroleum, and the cele- 
brated ‘free goods’ of the economist, air and water.’’ Dis- 
cuss this statement and illustrate with specific examples 
what its writer may have had in mind.* 

11. Name some of the important principles which are applied 
in the qualitative separations and identifications of ca- 
tions and anions, and illustrate the principles with specific 
examples. 


3 In grading answers readers did not score on the basis of de- 
scription of an arbitrary number of the obvious industria! proc- 
esses suggested, but on how well a reasonable number chosen 
were treated. They were pleased to observe a fair number of 
candidates criticizing the designation of coal as an “utterly simple 
raw material.’’ 


TEACHING COLLEGE CHEMISTRY TO 
SELECTED HIGH-SCHOOL SENIORS 


Tris the purpose of this paper to report on the attempt 
of one secondary school to offer a course in college-level 
chemistry to selected high-school seniors. The author, 
a member of the chemistry committee of the School and 
College Study, has had some seven-years experience in 
teaching college chemistry courses. 

The course was offered at the Far Rockaway High 
School in New York City during the academic year 
ending in June, 1955, and was a part of the program 
developed by the School and College Study. The pub- 
lications of this committee express its philosophy and 
practices.2 Suffice it to say, at this point, that one of 
the major considerations in offering such courses was to 
make students, especially gifted seniors, work up to 
capacity during the last year in high school. The grow- 
ing demands of applied science and technology have 
brought this problem sharply into focus. 


' Present address: Chairman, Science Department, Forest 
Hills High School, Forest Hills, New York. 

*School and College Study of Admission with Advanced 
Standing, Office of the Executive Director, Central High School, 
Philadelphia 41, Pennsylvania. 


SAUL GEFFNER' 
Far Rockaway High School, Far Rockaway, New York 


Far Rockaway High School is a general community 
high school, serving the needs of all types of students. 
From a group of 400 seniors, 11 students were selected 
for participation in this course, on the following bases: 


(1) General school average for three years 

(2) Intelligence quotient 

(3) Reading and arithmetic scores on standardized 
tests 

(4) Interest and zeal in subject 


There were no prerequisites. We insisted that no 
student be allowed to take such a course if it involved 
his dropping physics. One pupil was forced to drop the 
course due to prolonged illness. Of the total member- 
ship of ten pupils, six had had a previous course in high- 


‘school chemistry while four had no previous work. 


Reference to the paper by Norton’ will make clear 
that the chemistry subcommittee did not suggest an 
actual course of study to be followed. Instead they 
made reference to many subject-matter areas where 


3 Norton, Bayes M., J. Epuc., 33, 232 (1956). 
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they felt the maturity and intellectual power of the 
student would be revealed to the best advantage. In 
the course here being described, the following subject 
areas were studied in approximately the order listed: 


(1) General introduction—scientific method. 

(2) Properties of gases, liquids and solids. 

(3) Development of the modern atomic theory: this 
included an intensive study of the periodic classifica- 
tion. Also included were the coarse and fine structure 
of the atom. Subshell atomic structure was related to 
the element’s position in the periodic table only. 

(4) Introduction to elementary nuclear chemistry. 

(5) The nature of the chemical bond. The proper- 
ties of polar, polar covalent, covalent, and coordinate 
covalent linkages were studied. Emphasis on modern 
theories such as hydrogen bonding were included. 

(6) Chemical equilibrium—qualitative and quanti- 
tative aspects. 

(7) Solutions—applications of Raoult’s law. 

(8) Theory of ionization—including strong and 
weak electrolytes. In addition, the Brénsted concept 
was developed and applied to acid-base reactions in- 
cluding hydroiysis. The concepts of hydrogen ion con- 
centration and pH were included. 

(9) Equilibria in salt solutions including solubility 
product applications. 

(10) Electrochemistry—concepts of oxidation poten- 
tial, oxidation-reduction reactions, electrolytic and 
voltaic cells. 

(11) Descriptive chemistry of the compounds of the 
alkali metals, halogens, sulfur and selenium, nitrogen 
and phosphorus, and chromium and manganese. 

(12) Qualitative analysis—silver and copper groups 
only. 


Problems in the following areas were stressed: 


(1) Determination of atomic and molecular weights. 
This included percentage composition, determination 
of a formula, application of gas laws, and weight and 
volume problems. 

(2) Calculation of equilibrium and ionization con- 
stants, hydrogen ion concentration, common ion effect, 
and pH of solutions. 

(3) Applications of solubility product to situations 
encountered in qualitative analysis. 


The laboratory experiments covered were: 


(1) Introductory laboratory techniques 
(2) Physical and chemical properties of substances 
(3) The quantitative determination of oxygen in the 
atmosphere 
(4) The determination of the formula of cuprous 
sulfide 
(5) The equivalent weight of magnesium from the 
volume of hydrogen displaced 
(6) The molal volume of a gas 
(7) The molecular weight of a gas 
(8) The equivalent weight of a metal 
(9) The concentration of solutions 
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(10) Reversible reactions and equilibrium 

(11) Equilibria involving volatile and insoluble sub- 
stances 

(12) The titration of acids and bases (including 
standardization) 

(13) Oxidizing and reducing agents 

(14) The preparation and properties of some oxy- 
halogen compounds 

(15) Principles of electrochemistry 

(16) The oxides of the elements and periodic table 

(17) Qualitative analysis—silver and copper groups 


The class met from four to five times a week for a 40- 
minute period. In addition, once a week there was 
a laboratory period of at least three hours. The total 
of 17 experiments was performed during 25 laboratory 
periods. The method of teaching in class was largely 
of the lecture-recitation variety; demonstrations were 
infrequently used. No long-range scheduling of work 
to be done was utilized since it was difficult to predict 
the rate at which the class could progress. However, 
to be sure to cover at least the minimum essentials a 
general plan of work was adopted. This plan included 
the 11 subject matter areas mentioned previously and 
the approximate time to be spent on each area. There 
was however, considerable revision as the course pro- 
gressed. During the first semester, units 1 through 5 
were covered, 6 through 11 during the second semester. 
The students were given at least three specific assign- 
ments each week exclusive of the laboratory report. On 
the average, the total preparation per week per pupil 
ranged from four to five hours. The teacher himself, 
although experienced in teaching college chemistry, also 
spent about the same number of hours per week on his 
own preparation. 

The school was fortunate in having six triple-beam 
balances sensitive to 0.01 gram and one analytical bal- 
ance sensitive to at least 0.0001 gram. The precision of 
any experiment was limited to that of the triple-beam 
balance. Each student also was trained to use the more 
sensitive balance. Aside from these balances no special 
equipment was necessary. For volumetric work, a 50- 
ml. buret graduated in 0.1 ml. was used. Each pupil 
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was given a kit of standard equipment at the beginning § fo}| oy} 
of the school year. This kit comprised the usual glass § in off, 


ware, ironware, rubber stoppers, etc. The organization 


The 


of the school permitted the students to spend Friday § getorry 


afternoons for scheduled laboratory work. Occasionally 
make-up work was permitted during a Wednesday 
afternoon. 

The textbook used in the course was that by Sicler, 
VanderWerf, and Davidson.‘ 
superb in organization, thorough and complete in treat- 
ment, is somewhat too difficult for any but the best 
students. Pauling’s ‘General Chemistry’® was used 


‘Sister, H. H., C. A. VANDERWERF, AND A. W. Davips0¥, 
“General Chemistry: A Systematic Approach,’’ The Macmillan 
Co., New York, 1949. 

5 Pauina, Linus, “General Chemistry,” 2nd ed., W. H. 
man & Co., San Francisco, 1953. 
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as a reference. Here again the students encountered 
difficulties, particularly with the subject of chemical 
bonding. It appears that the new text by Steiner and 
Canipbell® may suit the needs of more students in future 
courses like this. For laboratory work, the manual by 
Malm and Frantz’ proved to be excellently adaptable. 
The experiments are numerous, clearly written, and 
beautifully illustrated. The introduction to each experi- 
ment provides a fine summary of the theory needed to 
perform these experiments intelligently. An additional 
aid and a very helpful one is ‘“‘Basic General Chemistry 
in Outline Form.’’® This contains, in bound form, a set 
of lecture notes, questions, and problems. The experi- 
enced as well as the inexperienced teacher will profit 
from this outline. 

To assist in properly evaluating this course a ques- 
tionnaire was drawn up and submitted to each member 
of the class. An analysis of the responses can be sum- 
marized as follows: 

The students as a group did not work hard enough. 
This may be due to some apprehension on the part of 
the instructor as to how far he could go in view of the 
fact that the students were carrying a full schedule. 
There was also some conflict between this course and 
other senior commitments, especially during the after- 
noons when the laboratory period was held. 

All the students found the laboratory period to be 
fruitful although the group without previous training 
was at a loss at the beginning. The laboratory experi- 
ments including the simplest ones assume some prior 
knowledge. Despite attempts to cover the theory in 
advance of the laboratory work, it was not always pos- 
sible to do this. The experiments related to pure de- 
scriptive chemistry were not as popular as those involv- 
ing some degree of measurement. The two weeks spent 
on qualitative analysis were met with much enthusiasm, 
partially due to the student’s greater laboratory experi- 
ence at this point and mostly to the inherent interest 
that analytical chemistry evokes. 

The topics the students found most difficult were: 
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(1) quantitative aspects of equilibrium, (2) electrochem- 
istry, (3) Raoult’s law. 

The writer’s experience prompts him to make the 
following suggestions to teachers who may be interested 
in offering a course of this type. 

The selection of the instructor is one of the critical 
determinants of the success or failure of the course. He 


6 Sremner, L. E., aNp J: A. CAMPBELL, ‘‘General Chemistry,” 
The Maemillan Co., New York, 1955. 

7 Maw, L. E., anp H. W. Frantz, “College Chemistry in the 
Laboratory,’ W. H. Freeman & Co., San Francisco, 1950. 

Hagniscn, E. L., AND Quam, G. N., “Basic General Chemis- 
try in Outline Form,’’ 5th ed., Burgess Publishing Co., Minne- 
apolis, 1953. 
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obviously must be well trained in the field. The number 
of graduate degrees is in itself no complete indication of 
his ability to teach this course. He must be a well- 
organized, patient, and persevering individual. He 
must be the kind of individual who will get much satis- 
faction from a job well done. He must be willing to put 
in additional time, much beyond what will be allotted 
to him. There must be at least 10 teaching periods 
assigned to the course. This means that if a teacher 
normally teaches 25 periods each week, he will carry, in 
addition to this course, no more than 15 periods of work. 
If he is chairman of the department, and normally car- 
ries a smaller teaching load, he can use some of his 
supervisory time to meet the time demands this course 
will make. 

Students who have completed a year of high-school 
physics will experience less difficulty in the course than 
those who have not. 

The college level course should be preceded by a high- 
school chemistry course. Early planning in the stu- 
dent’s career will allow his program to be so adjusted 
that he can successfully pursue this course. The normal 
year’s course in high-school chemistry can be com- 
pressed to a one-semester course to be followed by two 
semesters of college chemistry. 

There must be a minimum of five periods each week 
for recitation, discussion (lecture), and a complete after- 
noon set aside for laboratory work. 

The success of such a course will not be determined 
by the quantity of information the instructor can im- 
part. Instead, the curiosity he can arouse and the 
imagination and thinking which he can awaken and 
stimulate will serve as more valid criteria for final 
evaluation. In the laboratory, the student must be- 
come facile with equipment, to be sure. However, 
understanding and appreciating the role of experimen- 
tation is a more far-reaching and more lasting goal. 

Needless to say, there are many proved methods for 
meeting the needs of the bright and gifted student. 
This paper has attempted merely to discuss one kind of 
approach. The need for training scientific personnel 
will become more acute in the years to come. Second- 
ary schools working together with colleges must con- 
tinue to recognize this problem and develop programs 
to meet these needs. 

The writer wishes to express his appreciation to Pro- 
fessor Edward L. Haenisch of Wabash College for his 
suggestions and criticism in the preparation of this 
paper. 

He also expresses his appreciation to Professor Bayes 
M. Norton, Kenyon College, who, as chairman of the 
chemistry committee of the School and College Study, 
provided him with the spark and ambition to do the 
job described in this report. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


F'acunry members and students have contributed 
substantially to the progress of chemistry in the 
Pacific Southwest throughout this year. Mention 
should be made of some of these contributions and their 
contributors, because much of what is being done at 
present or is planned for the near future will have an 
effect locally and in some cases nationally. Details of 
some of these will be presented in expanded form later. 

Stanley W. Morse, chairman of the division of natural 
sciences at San Francisco State College, was granted a 
sabbatical leave for the spring semester of 1956 to 
study the relation between “general education” and 
“professional science’”’ programs at various institutions. 
He will welcome any communications related to this 
problem, particularly from those who have had experi- 
ence in this expanding field of integration. The chair- 
man of the chemistry department of Occidental College, 
L. Reed Brantley, has been elected counselor of the 
southern California section of the American Chemical 
Society. He retains his position as secretary of the 
council committee of the National Society on Chemical 
Education. At San Diego State College, Lionel 
Joseph, professor of chemistry, has been appointed by 
Harry F. Lewis, chairman of the Division of Chemical 
Education of the American Chemical Society, to act 
as the San Diego representative of the Division. One 
of the duties of Richard Wistar of the chemistry 
department of Mills College is to work as a member of 
the committee on accreditation of the Association of 
Western Colleges. Visits to numerous colleges to 
meet with administrative officers, to confer with faculty 
members, and to look over facilities of these institutions 
are all a part of this committee’s appraisal. 

One of the recent associate editors of TH1s JoURNAL, 
G. Ross Robertson, who is now a professor emeritus of 
chemistry at UCLA, has been traveling in the Orient. 
Dr. Robertson always manages to muster up a host of 
interesting information during his travels along the 
lines of chemical education and chemical industry. No 
doubt he will have a great deal to report on his return. 
Carl S. Noller of Stanford University is busily engaged 
in a revision of both of his texts on organic chemistry. 
Those who teach organic chemistry will look forward 
to the results of his work. At the University of South- 
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PERSONALITIES AND TRENDS 


JOHN LEO ABERNETHY 


California State Polytechnic College, 
San Luis Obispo, California 


ern California, Norman Kharasch is writing a source 
book of organic chemistry to accompany a semester 
text in this field. 

Of the many schools that hold a science day for 
teachers or prospective students, Caltech, of course, 
offers one of the most satisfying. At their last annual 
students’-day program, more than 1000 high-school and 
junior-college students and teachers visited this campus. 
Caltech undergraduates took the visitors, representing 
some 125 private and public institutions, on campus 
tours and pointed out their analog computer, hypersonic 
wind tunnel, microwave laboratory, and solar furnace. 
A lunch was then given for visiting students in the 
student houses, for which housing Caltech is renowned. 
After the lunch, the student body president, Philip R. 
Conley, gave a brief welcome followed by a talk by Lee 
A. Dubridge, Caltech president. The teachers lunched 
with Caltech faculty members at the Athenaeum and 
gathered later to hear an address by Clark B. Millikan, 
professor of aeronautics and director of the Guggen- 
heim aeronautical laboratory. In the afternoon, 4 
program of demonstration lectures was given by stafi 
members and graduate students of the institute, witha 


wide choice for the varied interests of the visitors. 
Similar activities are held at other colleges. Nelson 
Smith of Pomona College states that the science day 
they have requires tremendous effort but always pro- 
duces the feeling that the rather exhausting experience 
has established the proper interest in chemistry for the 
visitors. San Diego State College assists in the Sat 
Diego Science Fair. Ambrose Nichols and Lionel 
Joseph are chairmen of some of the committees. 
Exhibits of projects of city and county high-school 
students are sponsored by local industrial organizations. 
On the central coast of California, the California State 
Polytechnic College opened its doors this year to the 
county science-teachers organization of San [us 
Obispo county. The new $2,750,000 science building 
was displayed. Bruce Kennelly of the chemistry 
faculty at Cal Poly conducted a tour through the 
chemistry laboratories and explained the objectives of 
the new major in agricultural chemistry. Glenn 
Noble, chairman of biological sciences, continued the 
tour through his department and Lewis Hammitt of the 
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physics faculty exhibited the facilities of the physics 
wing. The central coast area is particularly impressed 
with the advancements made at Cal Poly. Three 
persons, Gilbert Rogers of the San Luis Obispo county- 
schools offices, Vance Lewis representing Cal Poly, and 
Frank Shaw, who represents the teachers, were 
appointed to promote activities of the county science 
teachers. Charles Blodgett will take on the responsi- 
bilities for the National Science Teachers Association 
membership and dues. At Cal Poly, Glenn Wight of 
the chemistry faculty was called upon to speak before a 
meeting of the Future Farmers of America organization 
on the campus. There is a real awakening of a more 
mature nature in chemistry at Cal Poly. 

Erwin Hubert, recently of San Francisco State 
College, accepted a chair in the “History of Physical 
Science” at Harvard University. He had _ been 
assigned a Fulbright instructorship from San Francisco 
State College to the Max Planck Institute and the 
University of Géttingen, in Germany. He studied the 
origin of early papers related to thermodynamics. One 
of the new staff members at San Diego State College is 
Jack Stewart, who received his bachelor’s degree there 
some time ago. After obtaining his doctorate at 
Oregon State College, he spent a year at Wieland’s 
laboratory in Frankfurt, Germany. Ross A. Baker, 
lecturer in chemistry at San Diego State College and 
long associated with chemical education in the United 
States, is visiting the Mediterranean countries. 

If chemistry keeps up with the growth of student 
enrollments in our colleges, the next few years will see 
unprecedented strides. At a recent meeting in Los 
Angeles of ten of the state college presidents (who do 
not include adminstrators of the eight campuses of the 
state university), the Sacramento office pointed out 
that enrollments of the state colleges alone should be 
double their present enrollments by 1962. This 
means that a school like Cal Poly, with a modest enroll- 
ment of 3100, will attain a size of more than 6000 by 
that time. 

Already, many new people have been added to the 
chemistry faculties of the Pacific Southwest schools. 
At the Santa Barbara College of the University of 
California, Robert H. De Wolfe and James W. Curry 
are new. Robert De Wolfe held a_ post-doctoral 
research fellowship on aliylic rearrangements under 
William G. Young at UCLA. James Curry joins the 
staff after being in research at Dow Corning Corpora- 
tion of Midland, Michigan. His Ph.D. is from Illinois; 
his research interests involve organo-silicon compounds. 
New faculty members at San Diego State College are: 
John A. Neptune, formerly instructor in chemistry at 


the University of Wisconsin, quantitative analysis;° 


Robert W. Richardson, a recent instructor at UCLA, 
general chemistry; LeRoy A. Spitze, formerly pro- 
fessor of chemistry at Southwestern College, Kansas, 
general chemistry; and Lloyd Van Alta, recently a 
research associate at the University of Washington, 
general chemistry. 

Dr. Freeman Bovard has joined the faculty of Clare- 
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mont Men’s College. He left a research position with 
Du Pont Company in New Jersey. The science build- 
ing for his work was built by Claremont College to be 
used for the present by Claremont Men’s College and 
perhaps later by Scripps College. Sacramento State 
College has taken on C. Robert Hurley, who taught at 
the University of Denver and the University of Col- 
orado, after receiving his doctorate from the University 
of California at Berkeley. Donald Balcom is a new 
addition to the chemistry staff of San Francisco State 
College. He taught at San Jose State College, after 
receiving his Ph.D. from Stanford. The California 
State Polytechnic College in San Luis Obispo added 
Fred Dietz from Sandard Oil Company and John Leo 
Abernethy, who returned after teaching at Humboldt 
State College. More faculty additions will be needed 
in the future. San Diego State College will add four 
new staff members in chemistry this fall. 

Pomona College was fortunate in hearing Linus 
Pauling speak before the Channing Club on the subject 
of “The genesis of ideas’ this past year. Details of 
this talk will be given at a later date. At Redlands 
University and Stanford University, Dr. W. C. Nixon, 
famed physicist of the Cavendish Laboratory at Cam- 
bridge, England, has been a visitor. He has lectured 
and carried on research on the X-ray microscope. 

New science buildings have been erected at San Jose 
State College, Fresno State College, Long Beach State 
College, Santa Barbara College, the University of 
California at Riverside, the California State Poly- 
technic College in San Luis Obispo, and Sacramento 
State College. Chemistry has received much needed 
space in each instance. The Associated Colleges of 
Claremont will shortly add a new science college, 
geared to meet the future needs for more graduates 
trained in science. 

It is fine to see an awakening of research in our state 
colleges. Both Harold Walba and Robert W. Isensee 
of San Diego State College published a paper on a spec- 
trophotometric study of hydrolysis constants of 
negative ions of some arylimidazoles, in a recent issue 
of the Journal of the American Chemical Society. Sup- 
port was given to them by grants from the Research 
Corporation and the National Science Foundation. 
With the two main branches of the University of 
California, at Los Angeles and at Berkeley, each rapidly 
approaching an enrollment of 20,000 or more, it is the 
duty of our state college presidents, whenever possible, 
to remain keenly aware of their moral responsibilities to 
the state of California. Relief must be given to the 
state university by educating students in the areas 
where they live or in areas where they can avoid prob- 
lems of unnecessarily heavy enrollments. This has 
been part of the purpose in establishing new state 
colleges in strategic locations in the state. The success 


of state-wide education will depend to a large extent on 
the ability of adminstrators to anticipate the needs of 
sudden growth. This partial picture of our public and 
private institutions expresses some of the trends in 
science in the Pacific Southwest. 
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RESINS' 


INTRODUCTION 


Both polyelectrolytes and ion-exchange resins are 
polymeric materials containing ionizable groups at- 
tached to the polymer backbones by chemical bonds. 
The former are generally composed of linear macro- 
molecules and are soluble, whereas the latter are insol- 
uble, giant network structures. The similarities be- 
tween these two groups of compounds arise, then, from 
the fact that both are polymeric electrolytes; they differ 
because of the differences in their skeletal structures 
which result in different solubilities. Their peculiari- 
ties can be attributed to the ionogenic groups that are 
constrained by chemical bonds to remain near one 
another, and can be described to a large extent by con- 
sidering (1) the electrostatic interactions of the bound 
ions with each other and with the free counter-ions, and 
(2) the resulting changes in the configurations of the 
polymers. 


POLYELECTROLYTES 


Many naturally occurring substances are polyelec- 
trolytes. Among these are proteins, nucleic acids, 
and certain plant gums. Proteins are polymers of 
amino acids. There are some amino and a" 


| 
( CH.) (CH2) (CH (CH), 
NH; COOH NH, 
Glutamic Lysine 
acid 


groups on these individual amino acids in addition to 
those involved in building the polymer. These extra 


1 Presented at the 283rd Meeting of the NEACT, Northeastern 
University, December 10, 1955. 


« THE PHYSICAL CHEMISTRY OF 
POLYELECTROLYTES AND ION-EXCHANGE 
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functional groups, which may be either amino or car- 
boxyl groups, can ionize so that the protein is a poly- 
electrolyte. Molecules of this type which are both 
acidic and basic exhibit somewhat different properties 
from those with groups of one kind only, and are 
referred to as polyampholytes. 

Nucleic acids are another group of important, natu- 
rally occurring polyampholytes. These are condensa- 
tion products of complex heterocyclic organic bases 


Heterocyclic base—Ribose 
\ 
POOH 
ff 
Heterocyclic base—Ribose 


POOH 


and sugars, polymerized 
by phosphate groups. The 


OHH OH H 


d b organic base adds protons 
(CHz)s (CHa), in acidic solutions, and the 
OOH NH;+ phosphate residue ionizes in 


basic media, giving a poly- 
electrolyte at either high or 
low pH. 

A second group of polyelectrolytes consists of 
materials which have been derived from uncharged poly- 
mers by the addition of ionizable groups. Among these 
is carboxymethy! cellulose (1) produced by the etheri- 
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fication of some of the cellulose hydroxyls with chloro- 
acetic acid. Analogous derivatives of starch (2), 


CH,OH 


H /H 
OH- 


\ + CIH:CCOOH ———> 


CH.OH 
re) 

H /H 

No 

c—c 
H OCH,COO- 


dextran (3), and other polysaccharides (2) have also 
been prepared, as well as the aminoethy] (4) derivatives 
which form basic polymers. 

Several advantages are derived from the use of the 
synthetic polyelectrolytes produced by .these methods. 
Frequently the parent material is well characterized 
with regard to structure and molecular weight. Sec- 
ondly, it is possible to choose a cross-linked or branched 
polymer as the starting material, and thus obtain 
branched polyelectrolytes. Finally, it is possible to 
control the extent of substitution of the functional 
group. In this manner one can study the effect of 
the distance separating ions upon the properties of 
the polyelectrolytes. 

Polyelectrolytes which are polymerized directly 
from ionizable monomers make up a third group. Poly- 
acrylic acid was first prepared by Staudinger (4). 
It is formed from methyl] acrylate by polymerization, 
followed by hydrolysis of the ester linkages. By a 
similar set of reactions, methyl methacrylate yields 


H COOCH;/ » 


H H 
Polymerization 


it doocn, 


gi 
hydrolysis 

H 


polymethacrylic acid. Other polyelectrolytes syn- 


thesized from monomers include sulfonated poly-. 


styrenes, prepared from ethyl sulfobenzenes (6), and 
the basic N-alkyl polyvinyl pyridines, polymerized 
from 4-vinyl pyridine which was then quaternized (7). 
The structures of these synthetic polyelectrolytes have 
also been modified somewhat by the copolymerization 
of the ionogenic monomers with others that do not con- 
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tain functional groups and by cross-linking. Useful 
information is obtainable from these modified materials 
which have different ion-ion distances and different 
polymer skeletons. 


VISCOSITY 


The viscosity of solutions of polyelectrolytes can 
be conveniently discussed in terms of three types of 
experiments: (1) studies of the influence of concentra- 
tion, (2) studies of the influence of added neutral salts, 
and (3) studies of the influence of charge density, 
molecular weight, and structure type on the viscosity. 
Since the viscosity is a function of the hydrodynamic 
volume of the solute molecules, it gives an insight into 
the effect of the chemically bound ions on the configura- 
tion of the polyelectrolyte molecules in solution. It 
is not possible, generally, to compare the viscosity of 
solutions of the charged molecules with that of un- 
charged ones, since most of the polyelectrolytes are not 
soluble as pure acids or bases, but dissolve only when 
ionized. Comparison is then possible only between 
solutions of polyelectrolytes ionized to different 
extents. 

The most significant function of the viscosity in 
high-polymer work is the reduced viscosity, nsp/c, in 
which c is the concentration of the polymer and 


Msp = — l= (neotution/Neolvent) 


For uncharged polymers at sufficiently low concentra- 
tions, this function varies linearly with the concentra- 
tion of the polymer, with a positive slope. Huggins 
(8) has shown that the curve fits the equation 


nep/c¢ = [n] + 


in which [n] is the intercept of the line with the ordinate 
and is related to the hydrodynamic volume of the mole- 
cules, and k’ is a parameter related to solvent-polymer 
interactions. For ionized polyelectrolytes, however, 
the reduced viscosity increases sharply at lower con- 
centrations (Figure 1). Fuoss (9) has proposed the 
equation 
= A/(1 + Be'/2) 


to describe the variation of the viscosity of polyelec- 
trolytes with concentration. In this equation, the 
parameter A has the same formal significance as the 
term [n] in the above equation, and the parameter B 
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Figure 1. Reduced Viscosities of a Carboxymethyl Amylopectin (Data 
of Winter, Stephen S., Dizsertation, Columbia University, 1953) 


is related to molecular interactions, although the nature 
of these interactions has not been definitely established. 

This behavior can be explained as follows: linear 
polymer molecules take on a random flight or random 
coil configuration (10). In the absence of electro- 
static repulsions—that is when uncharged—a poly- 
electrolyte can be assumed to attain the same configu- 


portial 
ionization 
(0) 
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(d) 
Figure 2. Polyelectrolyte Configurations 
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ration (Figure 2(a)). When the acid groups? of the 


' polyelectrolyte molecule are ionized, however, the 


electrostatic repulsions between ions of like charge 
will tend to expand the structure (Figure 2(b)), and 
it approaches a rod-like configuration as a limit (Figure 
2(d)). The tendency to expand in order to reduce the 
electrostatic repulsive energy is counterbalanced by 
the van der Waals attractions between the segments 
of the polymer molecule. The decrease in entropy 
required to produce such an ordered arrangement as 
the completely extended rigid rod makes it unlikely 
that the molecule would ever be completely extended. 
Yet, extensions of the type shown schematically in 
Figure 2(b) result in large increases in the viscosity 
of solution of polyelectrolytes upon neutralization. 
The increase of the reduced viscosity as the concentra- 
tion decreases has therefore been taken to indicate an 
uncoiling of the molecules with increasing dilution 
(11-13). 

The interpretation that the large viscosities found 
with polyelectrolyte solutions are the result of the 
uncoiling of the polymer molecules due to interionic 
repulsions receives further support from viscosity 
measurements in the presence of salts. Addition of 
small amounts of salts greatly reduces the observed 
viscosities (Figure 3). The curves showing the varia- 
tion of the reduced viscosity with concentration in 
the presence of salts fall toward the linear pilots of 
uncharged polymers in quite dilute salt solutions. At 
lower salt concentrations, the viscosity is reduced some- 
what, and the curves show broad maxima (14). 

The addition of neutral salt to the polyelectrolyte 
solution results in a reduction of the viscosity because 
the additional ions diffuse into the polymer structure. 
Within the polymer molecule the cations predominate 
since the repulsion between the bound anions and the 
free salt anions favors the diffusion of cations only. 
Electroneutrality also requires that the free counter- 
ions equal in charge the bound and free anions. There- 
fore, the free ions within the polymer are mostly 
counter-ions, which attract the bound ions of the poly- 
electrolyte. The addition of the neutral salt thus 
results in attractions (Figure 2(c)) which collapse the 
repulsive fields, and reduce the extension of the poly- 
mer molecules. The viscosities of ionized polyelec- 
trolytes in salt solutions are smaller than those predicted 
for the uncharged molecules. Apparently, the attrac- 
tions between the ionic species within the polyelectro- 
lytes cause a tighter coiling than that expected for the 
uncharged molecules. 

Further evidence for this interionic attraction within 
the polyelectrolyte molecules comes from the work of 
Markovitz and Kimball who found that the charge of 
the counter-ion rather than the ionic strength deter- 
mines the reduction of the viscosity (15). Divalent 
cations are nearly ten times as effective in reducing the 


(a) Uncharged polymer, (b) partially ionized, (c) ionized, with t 
ions, (d) completely extended. Open circles represent bound ions; filled 
circles show counter-ions; broken lines are electrostatic lines of repulsion in 
(b) and of attraction in (c). 


2 In the discussion the polyelectrolyte is assumed to be a poly- 
acid. Polybases, of course, act in an identical manner when 
neutralized by acids. 
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viscosity of polyacrylates as monovalent ones, and 
counter-ions of equal charge are nearly equally effec- 
tive. The charge of the anion has no appreciable 
effect. The coiling of the polyelectrolyte is therefore 
primarily the result of the occlusion of counter-ions. 
In this respect polyelectrolytes differ greatly from 
monomeric electrolytes. 

Yo complete the discussion of the viscosity of poly- 
electrolytes, mention should be made of the effects of 
molecular weight, charge, density, and structure type. 
Katchalsky (16) found that the viscosity of solutions 
of polymethacrylic acid of different molecular weights 
in buffer pH 2.7 increases slightly with increasing mo- 
lecular weight of the sample. At pH 6, on the other 
hand, the increase in the viscosity is considerably 
greater, because the larger, higher molecular-weight 
molecules can uncoil to a greater extent. In the lower 
pH solution the molecules are only partially ionized so 
that they do not uncoil and thus behave nearly like 
uncharged polymers. Winter and Beckmann investi- 
gated the uncoiling of molecules as a function of the 
charge density (3). They first measured the viscosity 
of carboxymethyl starches dissolved in dilute HCl. 
Under these conditions ionization of the acid groups 
was completely repressed. They then compared vis- 
cosity of these acidified samples with the viscosity of 
solutions of the same materials at various degrees of 
ionization, and found increases in viscosity up to one 
hundredfold. The exact magnitude of the increase 
depends upon the density of ions on the polymer mole- 
cules, upon their molecular weight, and also upon their 
structure. The increase in viscosity is greater for the 
linear carboxymethy! amyloses than for the branched 
carboxymethyl amylopectins. 

The uncoiling of the molecules as a function of the 
charges upon them is also pertinent to an interpretation 
of the viscosity behavior of polyampholytes in isoionice 
strength buffers of various pH (17). Polyampholytes 
show a minimum of viscosity near the isoelectric point 
and increase their viscosity greatly at both higher and 
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lower pH, due to either acidic or basic ionization. 


IONIZATION CONSTANTS 

The ionization constant of a monomeric electrolyte 
is given by 
{H*] [Aq] 

[HA] 
which can be rearranged to the Henderson-Hasselbalch 
equation 


Kio. = 


Qa 


pH = pK + log 


where a is the degree of ionization. pH is, therefore, 
a linear function of log a/1—a, and the intercept with 
the ordinate at log a/1—a = 0 is equal to the pK. 
For polyelectrolytes a similar equation holds, but the 
slope of the line is no longer unity, and varies with the 
charge density of the electrolyte. 
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Figure 3. Reduced Viscosities of a 51.4 Per Cent Neutralized Poly- 
acrylic Acid for Various Molarities, M, of Added Sodium Chloride 
(Data of Markovitz and Kimball (/5)) 


The equation thus becomes 
pH = pK +n log —*— 


for polyelectrolytes (18), with the slope, n, related to 
the interaction of the protons with neighboring bound 
ions of the polymer (19). Its experimentally deter- 
mined values generally lie between 1.5 and 2 (20). 
Because the charged groups are constrained near one 
another, the removal of a proton from the vicinity of 
an already ionized group 
requires the expenditure of 
energy to overcome the at- 


HC-COO- 


tractive force of that group cr. ‘ 

as well as of the -coo- 
group to which the proton H-C-COOQ7---H*t 
had been bound (Figure 4). 
It therefore becomes more ¢ / 


difficult to remove protons 
from a_ highly charged H-C-H 
molecule than from a nearly 
uncharged one.  Experi- 
mentally this appears as an 
apparent decrease of the 
ionization constant with 
increased neutralization. 
Ionization of polyelectrolytes must therefore be treated 
as a two-step phenomenon—the removal of the proton 
from the ionogenic group, and its removal from the 
attractive field of the charged molecule (19). 

Since the pK values are a measure of the free energy 


Figure 4. Schematic Repre- 
sentation of Ionization in a 
Polyelectrolyte 


_required to ionize the ionogenic group and to remove 


the free proton from the field of the polyelectrolyte 
molecule, their magnitudes are greatly affected by the 
addition of neutral salts. Counter-ions within the 
polymer molecules tend to reduce the attraction of 
bound ions for protons, thus increasing the ionization 
constants. pK values obtained in the presence of 


249 
| 
| 
Te 
c 
40 
| 
4 
| | 


neutral salts are consequently smaller than those 
obtained in salt-free solution (18). The decreased 
interactions among ions also decrease the variation 
of pK with the extent of dissociation giving smaller 
values for the slope, n, in the presence of salts. 


TRANSPORT PROPERTIES 


Because polyelectrolytes are ionic substances, the 
measurement of conductance, transference, and elec- 
trophoresis adds additional useful information. The 
results of these investigations confirm the conclusions 
that the polyelectrolyte molecules are weak acids or 
bases which become ionized on neutralization, but which 
contain large amounts of counter-ions within the poly- 
mer structure. Thus, the acid forms of polyelectrolytes 
show small equivalent conductances which can be 
attributed almost completely to the transport of hydro- 
gen ions (21). Upon neutralization, the equivalent 
conductance rises, and some of the current is carried 
by the polyions. However, the polyions carry along 
with them large quantities of counter-ions, and there 
is a net transport of cations from the anode to the 
cathode (22). 


ION EXCHANGE 


The phenomenon of ion exchange was discovered in 
1850 by the agricultural chemists Way and Thompson 
in the course of an examination of soils (23). The 
earliest ion-exchange studies were consequently carried 
out with natural and synthetic silicates. Many of 
these contain, as part of their crystal structure, ions 
that can readily be replaced by others of similar size. 
An important advance in the understanding of exchange 
phenomena was the proof by Lemberg in 1876 that the 
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Figure 5. Schematic Representation of an Ion-exchange Resin Particle 


Open circles represent the counter-ions; filled circles the bound ions and 
ions of the same polarity. 
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mineral leucite (K,0-Al,03-48i0.) can be reversibly 


transformed into analcite by 


an ion-exchange process. However,-the study of the 
natural exchangers is limited by their poor stability, 
their small exchange capacities, and the sensitivity of 
the exchange characteristics to the pH of the exchange 
solution. Still, much work was carried out with clays, 
micas, and zeolites, and the latter found wide use as 
water softeners. 

Later some insoluble proteinaceous materials—wool, 
silk, horn—as well as cellulose, lignite, humus coal and 
similar substances were used for ion exchangers. These 
materials, like the minerals, also have limited capacity 
and poor stability. The experiments often gave irre- 
producible results, and progress was slow. Improve- 
ment of the ion exchangers was made only when the 
natural organic substances were modified, either by 
partial oxidation or by sulfonation. 

The usefulness of modified coal as an ion exchanger 
led to the preparation of other synthetic resins, both 
through the modification of uncharged polymers and 
through the polymerization of ionogenic monomers. 
Ion-exchange resins have been prepared using nearly 
all the common monomers and cross-linking agents of 
high-polymer technology. Both addition and conden- 
sation reactions are used. The ionic groups are fre- 
quently added to the reaction mixture as the monomeric 
salts and are incorporated into the resin during the 
polymerization. The most common cationic resins 
are those containing sulfonates or carboxylates although 
phosphate and phenolate resins have also been reported 
(24). 

Anionic resins are more difficult to prepare (25). 
Weakly anionic materials can be made by the incorpora- 
tion of primary, secondary, or tertiary amines. Qua- 
ternization of the amino groups to produce strongly 
basic resins was not effected until recently, and the 
resins produced are not as stable, particularly towaru 
heat, as the cationic resins. Synthetic resins that con- 
tain both strong and weak acidic and basic groups are 
now commercially available. The art of producing 
resins has reached the point where they can often be 
tailor-made for a specific application. 


PHYSICAL PROPERTIES 


Ion-exchange resins differ from polyelectrolytes 
chiefly by the cross-links which join the linear segments. 
These make the resin particles insoluble. Their struc- 
ture can therefore be represented by a network such as 
that in Figure 5. In the dry state, the resin consists 
of the polymer structure with its bound ions and of the 
associated counter-ions. If the resin is a weak-acid 
resin, and the counter-ions protons, these will be a part 
of the polymer as covalent —COOH groups; if the resin 
is strongly acid, or the counter-ions metallic cations, 
they will be part of the resin structure but not 
covalently bound by the anions and can be considered 
as merely associated with the resin structure. When 
the resin particle is placed in a solvent or a solution with 
other ions, diffusion of all species which are not directly 
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linked to the polymer structure can take place, re- 
stricted only by the requirement that electroneutrality 
must be maintained in all parts of the resin and the 
solution. The resin particle can therefore be considered 
as if it were surrounded by a membrane through which 
only small molecules or ions can diffuse. The theoreti- 
cal considerations regarding the distribution of solvent 
molecules and ions within and without the resin particle 
are identical with those already discussed for poly- 
electrolytes, and were first treated by Donnan (26). 

The diffusion of solvent and ions into the resin struc- 
ture results in a swelling of the resin particles (27). 
The imbibition of solvent alone causes an expansion 
until the solvent within, at smaller concentration but 
at higher pressure, is at the same chemical potential 
as the solvent surrounding the resin particles. There 
is additional swelling because of the absorbed ions. 
The replacement of the covalent —COOH group 
by an ionic —COO- and its associated counter-ions 
sets up electrostatic repulsions between the charged 
groups. An expansion of the structure such as found 
with polyelectrolytes then occurs. All ionic species 
within the resin can be considered to be in solutions of 
high concentration since the amount of solvent within 
the resin particles is fairly small. The ionic interactions 
are consequently quite large, and swelling is not only 
affected by the counter-ion charge but also by its ionic 
radius (27). The amount of swelling that occurs 
depends upon the cross-linking of the resin, the acid 
strength of the bound ions, the density of the bound 
ions, the kind of ions diffusing, and the ionic strength 
of the surrounding solution. Swelling is an important 
property of ion-exchange resins since it governs the 
rate of diffusion of ions, and exchange processes are 
diffusion controlled (28). 


MECHANISM OF ION EXCHANGE 


The processes of the exchange between the ions in 
the solution surrounding the resin particles, the external 
solution, and the ions associated with the resin phase 
have been treated theoretically in terms of the simple 
replacement of the ions at lattice sites of the resin, in 
terms of the Donnan equilibrium (26), and in terms of 
the exchange of ions at an electrical double layer sur- 
rounding the resin particles (29-31). Recent studies 
of the equilibria and kinetics of exchange processes indi- 
cate that all three of these considerations are involved, 
although the suggestion that exchange occurs only at a 
surrounding double layer seems too limited in scope. 

There is evidence for the replacement of ions at the 
lattice sites and for the ability of various ions to occupy 
identical lattice sites (32). The fact that the proton 


occupies a special position in the series of exchange . 


affinities of various ions also supports this view. It 
has been found (33) that the position of the proton in 
such a series depends greatly upon the strength of the 
ion-exchange resin. With weakly acid resins, the 
affinity of the proton is high; in strongly acid resins, it 
is rather low. This behavior is most easily explained 
if one considers that the protons diffuse to specific 
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anions, which if they are weakly acid groups form cova- 
lent bonds with them. 

The stoichiometry of exchange reactions and the 
apparent importance of exchange sites has led a number 
of authors to treat ion exchange in terms of the mass 
action principle. In this formulation, one defines an 
exchange constant for the reaction 


Aext* + RCOOB = RCOOA + Bext* 
The constant is then given by 


[Abouna* ] [Bexternai’ 


or 
[Bexternal” ] [Acxternsi* ] 
[Bbouna* ] [Abouna* ] 


The ratios can readily be found in terms of concentra- 
tion, but not in terms of activities of the resin phase. 
In the resin phase, the activity corrections must be 
large since the ionic concentrations are very large. 
Another way to approach ion-exchange equilibria 
is by means of the Donnan membrane equilibrium (26). 
According to this treatment, the free ions will equili- 
brate between the resin phase and the solution so that 


{[A*] [X externa! [At] [X~ Jresin 


where X~ represents a small ion with the same polarity 
as the bound ions. The requirement that the bound 
ions be balanced by counter-ions within the resin phase 
gives 

Aresin® Xresin + -OOCR 


These considerations lead to an unequal distribution 
of small ions between the resin and the external solu- 
tion. The counter-ions will predominate within the 
resin phase, and the small ions, X~, in the external 
solution. Since each ionic species must obey the above 
equation, all counter-ions migrate from the external 
solution into the resin phase where they tend to pre- 
dominate, and exchange occurs. In this formulation, 
also, ionic activities are needed for a test of the theory. 


FACTORS AFFECTING EXCHANGE EQUILIBRIUM 


In spite of these limitations, it is convenient to 
express ion-exchange data in terms of an exchange con- 
stant which indicates the relative affinity of ions for 
the exchanger (29-31). These constants are depend- 
ent not only upon the ions to be exchanged, but also 
upon the state of the resin before the exchange takes 
place. The situation is similar to the variation of the 
ionization constant of polyelectrolytes. The elec- 
trostatic interactions between bound ions as well as 
between bound ions and their counter-ions are greatly 
modified by the presence of other near-by ions. Con- 
sequently the process of exchange depends upon the 
ratios of the exchanging ions already in the resin phase. 
If these have different charges, the effect is great, 
although ions of the same charge, because of their 
different ionic radii, also affect the exchange constant. 

Except for the case of hydrogen ions exchanging with 


= 
| 


a weakly acid resin and forming covalent bonds, ion- 
exchange reactions are equilibrium processes whose . 
equilibria are determined by the electrostatic inter- 
actions between the bound ions and the exchanging 
ions. Factors which increase this attraction increase 
the affinity of an ion for the resin. Thus, the equilib- 
ria favor ions of large charge, and trivalent ions will 
replace divalent ones which in turn replace monovalent 
ions. Among ions of the same charge, the ionic radius 
is the determining factor. The quantity of interest 
here is the hydrated ionic radius, which can be com- 
pared with the Debye-Hiickel ionic radius, 1/x, as 
given by the expression for the ionic activity coefficient: 


log y = —Ap'/2/(1 + Brp'/2) 


The ionic affinity can therefore be given in terms of 
the quantity, 1/« (34). 

The relationships between ionic affinity and ionic 
valence and size discussed above are generalizations 
valid only at low concentration and low temperature, 
and only in aqueous media. Factors which affect the 
hydration of ions, and thereby the ionic radii, may 
greatly alter the exchange equilibrium between two 
ions (29). Thus it has been found that in nonaqueous 
solvents, the affinity of ions of the same valence is 
nearly identical, presumably because the nonhydrated 
ionic radii do not vary greatly. Furthermore, at high 
temperatures and at high concentrations exchange 
affinities are greatly altered and relative affinities are 
often reversed. Under these conditions, the hydration 
of the ions probably changes also. 


KINETICS OF ION EXCHANGE 


Study of the rates at which ion-exchange reaction 
reach equilibrium have suggested that the process of 
equilibration consists of five steps (28): 


(1) 
(2) 


(3) 
(4) 


(5) 


Diffusion of the ion to the resin surface. 

Diffusion of the ion through the resin to the 
exchange site. 

Exchange of ions at the lattice site. 

Diffusion of the exchanged ion through the 
resin to the surface. 

Desorption, and diffusion of the exchanged ion 
into the external solution. 


In most cases, the exchange step (3) is rapid, so that 
the reaction is controlled by the rate of diffusion of the 
ions, primarily through the resin phase. Reactions 
have been studied in which equilibration was complete 
within minutes, and others, in which equilibration 
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required days (35). In all cases, increased swelling of 
the resin and elevated temperatures increase the rate 
of attainment of equilibrium (36). 
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should read: 


Erratum 
In the article, ‘“Defining the condensed phosphates,” in the January issue, equation (1) on page 36 


nH3PO, — + (mn — 1)H20 
Line 11 of the final paragraph on page 38 should read: “.. .(though close to X,0/P:0; = 1)...” 
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€ FUNDAMENTALS OF RADIOBIOLOGY 


Z. M. Bacq, Professor in the University of Liege, and Peter 
Alexander, Chester Beatty Research Institute, Institute of 
Cancer Research, Royal Cancer Hospital, London. Academic 
Press, Inc., New York, 1955. xii + 389 pp. Figs. and tables. 
145 X 22cm. $6.50. 


Because radiation biology includes such a variety of phenom- 
ena, it is difficult to define its limits as a particular field of 
research or specialization. Certainly, however, our knowledge 
of the complex series of events induced by absorption of ionizing 
radiation in living systems—from the primary radiation inter- 
action to the ultimate biological response—must necessarily 
depend on the collaborative research efforts of the physicist, 
chemist, and biologist. It is necessary, too, that from time to 
time an attempt be made to bring the entire field into focus and 
to correlate the information obtained in the various fields of 
radiation research. This is a difficult task as witnessed by the 
fact that few have attempted it. Lea’s ‘‘Actions of Radiation on 
Living Cells” provided a view of the subject as it appeared to a 
physicist up to World War II. The present volume, written by 
a physical chemist and a biologist in collaboration, gives us a 
review of the field to date. j : 

The first four chapters present a survey of radiation physics and 
basic processes of radiation chemistry for solid, liquid, and 
gaseous systems. Considerable space is given to recent studies 
of reaction mechanism in the radiation chemistry of water, of 
aqueous solution, and of macromolecules, both synthetic and 
natural. Radical formation in water, reactions of water radicals 
with dissolved materials, reactions induced by direct interaction 
with organic material, and the mechanisms of energy transfer are 
treated. Some of the more general concepts of radiation effects 
in biological systems are developed in terms of the fundamental 
processes of radiation chemistry. For the most part, these chap- 
ters give a straightforward account of current ideas, and are 
concise yet informative. 

Chapters 5 and 6 are devoted to the subject of chemical changes 
in the nuclei and protoplasm of irradiated cells. In a discussion 
of radiation-induced chromosome breakage, the viewpoint is 
developed that injury cannot be interpreted solely on the basis of 
a direct action of radiation.’ The authors conclude that the 
experimental evidence strongly supports the idea that an indirect 
action involving biochemical intermediates is involved and may 
be a predominant factor. They emphasize here, however, that 
“... it cannot (therefore) be concluded that any effect which can 
be protected against by the addition of chemicals must invari- 
ably be the result of reactions with free radicals produced in the 
surrounding medium.’’ This fact which has long been recog- 
nized both in photochemistry and radiation chemistry has often 
been overlooked in interpreting protéctive action in biological 
systems. 

Chemical substances which simulate the biological effects of 
radiation are discussed in Chapter 7. The effects of these 
(radiomimetric) agents are described in terms of their mutagenic-, 
carcinogenic-, and chromosome-breaking activity. Differences 
and similarities between the biological end-effects produced by 
radiomimetric substances and ionizing radiation are reviewed as 
are recent studies of the relationship between chemical structure 
of such agents and their biological activity. Possible mech- 
anisms of action are considered on the basis of recent work which 
indicates that many of the radiomimetric substances are alkylat- 
ing agents containing two or more functional groups. 

Chapter 8 is devoted to a discussion of the effects of oxygen on 


radiation biological phenomena. Although the fact that organ- 
isms become more resistant to radiation at low oxygen pressure 
was first reported over 30 years ago, it has been only within the 
last 10 years that the effect has been considered in detail. In- 
terest in this phase of radiobiology was reawakened primarily as 
a result of the findings in radiation chemical studies of water and 
aqueous solution. The authors point out that, although oxygen 
may influence a biological response induced by direct interaction, 
it is generally assumed that an oxygen effect is one of the strongest 
pieces of evidence for the view that indirect action plays a pre- 
dominant part in producing lesions. A large number of detailed 
publications on this subject are reviewed. Difficulties associated 
with the study of mammals at low oxygen pressures are discussed 
as are the possible practical aspects of the oxygen effect in radia- 
tion therapy. 

The remainder of the book is devoted primarily to the subjects 
of radiation protection and the treatment of radiation sickness, 
Considerable space is devoted to an informative discussion of the 
role of sulfhydryl] compounds in radiobiochemistry. The au- 
thors emphasize that, although (1) —SH groups in simple com- 
pounds and in various enzymes are preferentially oxidized in 
vitro, and (2) many —SH derivatives (cysteine and cystamine) 
protect against radiation, there is, nevertheless, no evidence that. 
—SH oxidation represents the lesion produced by ionizing 
radiation in vivo. 

In developing a theory of the physicochemical mechanisms of 
radiobiology, the authors place considerable emphasis on the 
importance of HO, radical reactions in vivo. A similar view has, 
of course, been expressed by others elsewhere. The main point 
here, however, is that the authors purport to show on the basis of 
results obtained from radiation chemical studies that specific 
reactions for HO. can be described, and that this information 
provides a basis for interpreting certain biological effects. Al- 
though this is not the appropriate place for a discussion of the 
specialized concepts involved, it should be emphasized, neverthe- 
less, that objections may be raised to a number of the conclusions 
which are presented. 

This book is, however, an outstanding accomplishment. In 
it the authors have been remarkably successful, considering the 
inherent difficulties imposed by the subject matter itself, in 
attaining their professed goal which was to present the phenom- 
ena of radiation biology as an integrated whole. 


WARREN M. GARRISON 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


* REFLECTIONS OF A PHYSICIST 


P. W. Bridgman. Second edition. The Philosophical Library, 
New York, 1955. 576pp. 15 X 22cm. $6. 


Tus second edition of the well known 1949 collection com- 
prises the bulk of the non-technical writing of Dr. Bridgman. 


.Ten papers have been added. All of these have appeared in 


print before, but the advantage of finding them in the one-volume 
collection is reason enough for the issuance of a second edition. 
Dr. Bridgman has maintained his “operational point of view.” 
Those students of the relationships between science and society 
particularly will be interested in his 1954 analysis of The Task 
Before Us and Some Implications of Recent Points of View in 
Physics. 
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« HANDBOOK OF FOOD AND AGRICULTURE 


Edited by Fred C. Blanck, Chief Research Chemist, H. J. Heinz 
Company, and Administrative Fellow, Mellon Institute of In- 
dustrial Research. Reinhold Publishing Corp., New York, 1955. 
vii + 1039 pp. Figs. andtables. 16 X 23.5cm. $12.50. 


Many chemists, agronomists, food technologists, and nutri- 
tionists, working in the field or foreign lands without access to 
technical libraries, will find Blanck’s ‘‘“Handbook’”’ the answer to 
aprayer. It covers an enormous field of knowledge in condensed 
form and in a handy volume of about 1000 pages. Twenty-six 
concise chapters, written by outstanding experts, provide a wealth 
of up-to-date information on such important subjects as soils, 
microbiology, plant growth, fertilizers, agricultural chemicals, 
nutrition, food storage, food processing, cereals, dairy products, 
fats and oils, sea foods, meat, packaging, quality control, waste 
disposal, and food laws. Most welcome is the wide use made of 
charts, tables, and synoptic presentations of chemical formulas, 
which features offer a maximum of information on a very limited 
space. 

Space does not permit reviewing each contribution, but it 
should be said that the chapter “Insecticides, fungicides, and her- 
bicides,” by C. C. Roan, Department of Entomology, Kansas 
State College; “Growth regulators, their nature and action,” by 
Lawrence P. Miller, Boyce Thompson Institute for Plant Research; 
and “Vegetable fats and oils,”’ by E.W. Eckey, Research Labora- 
tory, Cincinnati, are classics of clarity and comprehensiveness, 
while the chapter “Oxidative rancidity and antioxidants,” by Ray 
W. Riemenschneider, Eastern Utilization Research Branch, U.S. 
Department of Agriculture, Philadelphia, is the best treat- 
ment of this very difficult and controversial subject which the 
reviewer has read in many years. Finally it should be noted that 
treating ‘“The essential nutrients” on 20 pages without missing any 
important aspect of this large and complicated subject is a feat 
worthy of such a master in his field as D. M. Hegsted of Harvard 
University’s School of Public Health. 

There is another most desirable benefit which the perusal of 
Blanck’s ““Handbook’”’ will bring to its many readers, though 
editor, contributors, and publisher might not have been aware of 
it when embarking upon their outstanding undertaking. Ata 
time of increasing specialization and mushrooming expansion of 
knowledge, when scientific workers are in danger of losing contact 
even with neighboring branchesof scienceand technology, Blanck’s 
“Handbook” forms a most effective integrating function to this 
unavoidable differentiation by correlating the endeavors of 
countless investigators in numerous fields of agriculture, food, 
and nutrition whose aim, however, is basically identical—namely, 
to find the most effective use which man can make of natural re- 
sources for his own benefit and the health and happiness of all the 
people of the world. 

It is regrettable that the index to Blanck’s ‘Handbook does 
not live up to the high standard of the work since many important 
items can be located only through careful reading of the text. 


FRANCIS J. WEISS 
Unirep States Operations Mission TO NICARAGUA 
Manaaua, NICARAGUA 


s MORE MODERN WONDERS AND HOW THEY WORK 


Captain Burr W. Leyson. E. P. Dutton & Co., Inc., New York, 
1955. 215 pp. Figs. 14 X 2lcm. $3.50. 


NowabDays many young people have come to look upon our 
modern wonders as simple conveniences instead of complex 
machines. Others realize the complexity of these machines, but 
do not have any idea of the principles upon which they work. 
I believe that many people would find this book an excellent and 
interesting source of information about many modern devices 
which they do not understand. They might become more 
interested in the fields it covers and consider going into one of 
these fields as a vocation. 


JOURNAL OF CHEMICAL EDUCATION 


In this book, Captain Leyson has described in detail and jp 
simple language several ‘‘modern wonders.’’ These include 
guns, ammunition, locks, nuclear power, UHF radio waves, 
phonograph records, hydraulic transmission, and weather instrv- 
ments. Each item is covered thoroughly yet in language that 
young people with little technical training can understand. 

Chapter six interested me particularly because it dealt with 
locks. I often have wondered about the mechanics of the 
modern lock and this chapter satisfied my curiosity. Both 
ancient and modern needs and problems in the field of locks and 
how these problems were solved as well as the history of locking 
devices were included in this discussion. 

The section on nuclear power and the submarine “Nautilus” 
answered many questions on the subject which I had unsu- 
cessfully tried to answer for several years. The nature of 
the atom, radioactive decay, nuclear fission, the atomic pile, 
heat exchangers, and the future of the atom were explained in a 
slightly technical but easily understandable manner. 

UHF, the television camera, the television kinescope tube, and 
some general theory of the manner in which each works are the 
subject of another chapter. Several uses of UHF were also 
discussed. This chapter will answer many questions the average 
person usually has. 

The hydraulic clutch is one of the modern miracles which few 
people really understand. Most people consider it ‘‘a collec- 
tion of gears and things’’ connected somehow to their car. 
Captain Leyson describes it in detail and tells some of the 
theory of its operation. The torque converter, fluid clutch, and 
their means of assembly are each covered. 

Weather instruments form an interesting chapter. The 
anemometer, thermometer, barometer, and hygrometer are each 
described and the history of their operation is explained. We 
are also told not always to blame the weather man for his errors 
because he may not know all the factors involved in a weather 
prediction. 

I think that the purchase of this book would be a good invest- 
ment for the young and old alike, as it gives a new slant on & 
many devices which we always have taken for granted. Every 
subject is covered in a complete yet easily understandable way. 
It will open up new horizons for the young reader. 


JAMES KING 
(Student, age 14) 
Wooster Hicu Scuoou 
Wooster, 


e CHEMICAL COMPOSITION OF PARTHIAN COINS 


Earle R. Caley. The American Numismatic Society, New York, 
1955. v+104pp. 52tables. 15.5 X 23cm. Paper bound. 
$2.50. 


Tuis is a technical publication which is chiefly interesting to 
those actually engaged in the analysis of old coins. It gives in 
detail the analytical methods to be employed and discusses the 
factors which can affect the results. It gives a particularly clear 
discussion of the significance of specific gravity determinations as 
compared to chemical analyses in determining the fineness of 
silver coins. From all of this it might be assumed that the |,0ok 
would be of little interest 0 the general reader, and it is true that 
he would probably skip much of it. 

Nevertheless the results described in this book show the im- 
portance of the application of chemical methods to archaeology. 
The results reveal matters of interest to the historian, and to the 
historically-minded layman. Most of the coins analyzed showed 
about the same silver content, but those from the reign of one 
Parthian king, Orodes I, showed a sharp and progressive delse- 
ment through his entirerule. The correlation of this debasement 
with the political and economic events makes a most interesting 
story. It could not have been revealed in any other way. 


HENRY M. LEICESTER 
CoLLEGE oF PuysiIciaANs AND SURGEONS 
San Francisco, CALIFORNIA 
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THE PHOSPHORUS 
FAMILY’ 


A. MEMBERS 


18-1 


Exhibit: ores, elements, and compounds of 
P, As, Sb, Bi. 


B. PHOSPHORUS 


18-2 


18-3 


18-5 Barking dogs. 


*18-6 


18-7 


Care: White, or yellow, phosphorus gives a 
serious burn. Do not attempt any experi- 
ments with it unless you are aware of the 
dangers involved. If you receive a phos- 
phorus burn hold the burned member in 
three per cent CuSO,-aq. until the dector 
arrives. 


Phosphorus Burning in Oxygen 

See Demonstration 10-4 c, % Oz in air from 
burning P. 

Modifications. White P, forceps, rubber 


and glass L-tubing passing into tube clamped 
over burner. Heat lg. white P in tube until 
P smokes then (CARE) blow in: flare, 
smoke, red P forms. 

White P, forceps, rubber and glass tubing 
leading from O, tank into 300 ml. water in 
500 ml. Florence flask over burner. Bubble 
O, against 1g. P (no larger) in the hot water: 
burns fiercely (darken room). 

Two g. white P freshly dissolved in 10 ml. 
CS, (Dangerous, see precaution above), ten 
paddles made by clipping '/2 X 2” paper to 
drinking straws, O, tank, 1 X 10” test tube 
with rubber stopper. Moisten paddle (CARE: 
under no circumstances allow a drop of the 
liquid to touch the skin) with a drop of P- 
solution, place in tube of pure O., and stop- 
per: paper will not ignite in pure O, and may 
be kept there for days. Remove paddle to 
air: instantly ignites. 

Glass cylinders of different 
capacities, filter paper, 2 g. white P in 10 ml. 
CS. (CARE: see precautions above). Place 
a filter paper on top of each cylinder, put 0.5 
ml. of the P-solution in the middle of each 
paper: in a few minutes CS, evaporates 
down into the cylinders forming an explosive 
mixture with air, and when the P spontane- 
ously ignites the gases explode with a 
*twoof’’. 

Matches. Pile of 2 g. granulated sugar + 6 
g. granulated KCIO; (CARE: mix gently, 
do not grind) on square of asbestos, conc. 
H.SO,. CARE: add drop of acid to mixture : 
fire. 

KCIO;, red P, hammer, anvil, matches. 
Gently mix 0.1 g. KCIO; + 0.1 g. P; do not 
grind. Put amount the size of a match-head 
(no larger) on anvil and strike with hammer : 
deafening report. 


*18-8 White P in CS. (CARE: | see precautions 


above), dropper, 3’ square of asbestos board, 
0.5 g. KCIO; tablets. Place drop of solution 
on tablet: explodes in 2 minutes. If not, 
carefully tilt asbestos so tablet rolls off and 
strikes floor: violent report. 


Phosphorus Binary Compounds 


Red P + elements. Red P, Bre, porcelain 
plate, spoon. Place 1 ml. liquid Br. on the 
plate. Using spoon for safety, add 0.5 g. 
red P (CARE): sputtering and flame from 
combination. Do not use white P. 

18-10 Hydrides. Calcium phosphide lumps, beaker 
of water. Throw 1 g. lumps into water: 
gaseous PH; forms, containing some P.H, 
which ignites spontaneously when the bub- 
bles reach the air. 

Smoke rings. Illuminating gas passing into 
500 ml. Florence flask half-filled with satu- 
rated KOH-aq. over burner; from this flask 
a delivery tube with exit end flanged and 
facing upwards like a curved pipe and 1 cm. 
under water in a large crystallizing dish. 
Two g. white P in flask, He or illuminating 


18-9 


18-11 


Turn the page for additional demonstrations LY 


*Footnotes 


To avoid touching the P in CS:, store the solution in a 
nail-polish remover bottle: the top of this can be un- 
screwed by twisting the paddle that extends above the 
cap. Keep bottle in a beaker of water, and do not 
store the solution longer than a week. The amazing 
phenomenon of P igniting in air but not in 100 per 
cent O, is explained by a chain reaction mechanism, 
where reaction chains break one another. A humor- 
ous innovation to this experiment is to enter the class- 
room with a pile of test papers, to berate the students 
for their poor showing on the test, then surreptitiously 
place a few drops of P in CS, on the papers, and resume 
your lecture at the other end of the lecture table: in a 
few minutes the test papers will burst into flame, much 
to the delight of the fm 

Be sure to use only granulated sugar and granular 
KCIO:; if powdered material is used the flare-up 
upon adding the acid is so sudden as to be very danger- 
ous indeed. 

Experiment 18-10 is simpler and preferable, unless 
you have an assistant to set up the apparatus and a 
good ventilating system: in this case use 18-11, for 
the smoke rings are very impressive. 

Staple two strips of asbestos on top of the asbestos 
board, so as to form a cradle for the tube, so it will not 


18-4 


18-11 


18-12 


roll off. 

18-18 The Marsh test is valuable for detecting arsenic in the 
stomach, in the case of arsenical poisoning. This 
demonstration uses antimony since stibine, SbHs, is 
slightly less toxic than arsine, AsH; However, have 
good ventilation when performing this demonstration. 


Labels for Topic 18. (For code, see instructions for assem- 
bling kit, J. Chem. Educ., 32, 12A (1955).) 18-N-CuSO, 3% 
soln. for emergencies, 18-4-J-paddles, 18-4-N-CS., 18-5-N-CS., 
18-6-w-granular KCIO;, 18-6-w-granulated sugar. 18-6-w- 
granulated sugar, 18-6-w-granular KCIO;, 18-8-w- 0.5 g. 
KCIO; tablets, 18-10-w-calcium phosphide lumps, 18-11-N- 
sat. KOH-aq., 18-14-w-NaH2PO,.H,O, 18-14-w-Na;PO,. 12 
18-15-w-NaPO;, 18-15-w- 
18-15-w-Na;PO,. 18-15-J-litmus 
paper, 18-15-d-phenolphthalein soln., 18-16-w-microcosmic 
salt, NaNH,HPO,-aq., 18-16-d-MgCl-aq., 18-17-w-micro- 
cosmic salt, 18-17-w-CoCle, 18-17-w-FeSO,, 18-17-w-NiCl:, 
18-18-N-SbCl.-aq., 18-18-N-BiCl;-aq., 18-19-d-SbCl; aq., 
18-19-N-HC! dil., 18-19-J-mossy zine., 18-20-w-KNO;, 
18-20-w-Sb.S;, 18-21-w-Sb.8;, 18-22-J-Wood’s metal rods, 
18-22-J-spoon of Wood’s metal, 18-22-J-fire sprinkler parts, 
18-22-J-type metal, 18-23-w-granular antimony, 18-29-w- 
NaS, 18-29-d-As*’, 18-29-d-Sb+t’, 18-29-d-Bit’, 18-29-N- 
colloidal AseS;, 18-25-w-NaS, 18-25-d-Cut?, 18-25-d-Sb*%, 
18-25-N-yellow ammonium sulfide, 18-25-N-dil. HCl. 


+t By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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18-12 


18-13 


18-14 


18-15 


18-16 


18-17 


18-18 


*18-19 


gas. Sweep out all air (otherwise explosion 
may occur later), bubble H, slowly and heat 
the flask: KH,PO, forms, which liberates 
gaseous PH; containing some P.H,; this 
later upon coming in contact with the air 
makes smoke rings. Run under hood, and 
stop after a minute. Avoid drafts which 
break up the rings. 

Thermal dissociation of halide. Two sealed 
2.5 X 20 cm. glass tubes each containing 5 g. 
PBr;, asbestos on hot plate. Heat one 
tube: turns dark reddish brown from Br. + 
PBr;. Compare with cold tube. 

Phosphorus pentozide. Five g. dry 
on clock glass, water in dropper, blue litmus 
paper. Add water (CARE) dropwise: sput- 
tering from heat evolved. Test with litmus 
paper: pink from H;PO.,. 

pH of phosphates. NasPO-aq., NaxHPO,-aq., 
NaH,PO,, litmus paper, phenolphthalein 
soln., three test tubes. Dip litmus paper into 
the three solutions; add two drops phenol- 
phthalein indicator to equal volumes of 
each: the tertiary orthophosphate (Na;PO,) 
is strongly basic, the secondary orthophos- 
phate (Na,HPO.) is basic, the primary ortho- 
phosphate (NaH,PO,) is weakly acidic. 


Analytical 

Silver salts. Sodium metaphosphate (NaPQOs), 
pyrophosphate (Na,P,0;), orthophosphate 
(NasPO,), Agt!, three test tubes. To the 
tubes half-full of water add pinches of the 
phosphates + 1 ml. Ag*'-aq.: yellow ortho- 
and white pyro- and meta-phosphates pre- 
cipitate. 

Magnesium salt. Microcosmic salt, NaNH,- 
HPO,-aq., MgCl.-aq., test tube. Mix 10 ml. 
water with 1 ml. of each solution: white 
NH,MgPO,.6H.0O precipitates. 

Phosphate beads. Microcosmic salt, Pt wire 
on rod, CoClh, FeSO,, NiClz, burner. Melt 
crystal of microcosmic salt in Pt wire loop: 
a colorless metaphosphate bead forms. Dip 
into CoCl, and reheat: forms a cobalt-blue 
phosphate bead. Ni salts give green; Fe is 
brown in the oxidizing, and green in the re- 
ducing flame. 


C. ARSENIC, ANTIMONY, BISMUTH 


Hydrolysis. SbCl;-aq., BiCl;-aq., cone. HCI, 
2 stirring rods, two 600-ml. beakers of water. 
Add few drops SbCl,-aq. to water: white 
antimony] chloride, SbOCI, precipitates. Re- 
verse reaction by adding conc. HCl. Repeat 
experiment using BiCl,-aq.: white bismuthyl 
chloride, BiOC1, forms. 

Marsh test. See Figure 18-19. A 250 ml. 
Erlenmeyer flask with rubber stopper, 
holding a bent 2 mm. capillary tubing 30 
ems. long over wing top burner; SbCl;-aq., 
dil. HCl, mossy Zn. Place 20 g. Zn. in flask, 


18-20 


18-21 


18-22 


18-22 


18-24 


18-25 


-—Next month's Tested Demonstrations in General Chemistry 
19. VI. THE SULFUR FAMILY 
For a complete list of topics for 1955-6, see J. Chem. Educ., 32, 28-9 (1955) 


fill thistle tube with dilute HCl, run in to 
generate H,. Light H, as it emerges from 
the capillary. Now add a ml. Sb**: the 
flame becomes ghostly green (darken room). 
Heat capillary as shown in Figure 18-19: 
SbH; is dissociated thermally into Sb, which 
forms a mirror, and H, which burns at the 
capillary exit with a pale blue flame. 
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MARSH TEST 
Figure 18-19 


<t 


Test tube clamped inclined over burner, 
KNO;, Sb.S;, spoon. Heat 10g. KNO; 
until molten, drop in 0.1 g. portions of Sb.S; 
powder (CARE): spurts of flame, orange 
Sb.S; forms on upper portion of tube. 

Five g. Sb.S; in test tube inclined over burner, 
O, tank with glass delivery tube. Blow O, 
on the hot Sb.O;: violent burning, forming 
Sb oxides and SO». 
Low-melting alloys. Rod of Wood’s metal 
clamped over 250 ml. Erlenmeyer flask 
quarter-full of water over burner, fire- 
sprinkler parts, teaspoon with its bow] fas- 
tened to the handle with Wood’s metal, 
teacup of hot water, Babbitt and other low 
melting alloys, printers type. Heat the flask 
of water: Wood’s metal drips down in the 
steam. Stir the cup of water: bowl of spoon 
melts off. Explain operation of fire-sprinkler 
head. Exhibit low melting alloys. 

Molten Antimony. 15 ml. porcelain crucible 
half-full of Sb in clay triangle over burner, 
tongs, 3’ square of brown Kraft paper. 
Heat: the Sb melts. Dump out on the 
paper: pyrophoric Sb breaks into tiny firey 
globules, each skipping about on the paper, 
burning hyperbolic trails thereon. 

Colored sulfides. NaS, Ast*, Bit’, 
4 test tubes, colloidal As.S;, filter paper in 
funnel. Add water to Na,S in bottle. Add 
10 ml. water + a few drops of cation-aq. + 
1 ml. Na,S solution: colored sulfides form. 
Filter colloidal sulfides of arsenic. 

Analytical. NaS-aq., Cu+?, Sb**, yellow 
ammonium sulfide, burner, 4 test tubes. 
Form black CuS. Form orange Sb.S;. 
Show that yellow ammonium sulfide dis- 
solves the latter but not the former, and 
relate this behavior to their separation in 
qualitative analysis. 
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Outstanding in Quantitative Micro-Analysis 


In PAPER CHROMATOGRAPHY 


DENSICHRON 
Welch 


TRANSMISSION 
~DENSITOMETER 


Consists of Densichron, Probe, and Transmission Light Source 


No. 3835B 


® 
e High Sensitivity and Stability 


Patent No. 2424933 


It has been found that, because of the differential migration of the solutes through filter paper the maximum 


color density of the paper is proportional to the concentration of material. 


The “no drift” feature and the high 


sensitivity of the Densichron provide measurements of excellent repeatability with accuracies having high statistical 


significance. 


DENSICHRON WITH BLUE OR RED PROBE. This consists of the 
amplifier with logarithmic-scale meter, blue or red sensitive probe, 
metal probe support, five different measuring apertures, a cone 
with Yg-inch aperture, and a set of instructions. The amplifier 
Operates on 115 volts, 60-cycle A.C., only, except on special 
order. 


It has been successfully used for amino acids, sugars, vitamins, steroids, hormones, drugs, and an 
endless variety of both organic and inorganic compounds. 


TRANSMISSION LIGHT SOURCE UNIT. This is an enclosed light 
source powered by a constant-voltage transformer and equipped 
with a hinged arm for supporting the Densichron probe. The plate 
or film to be observed is placed over the aperture and the probe 
is lowered into position for a reading. Suitable controls are pro- 
vided. It operates on 115 volts, 60 cycles A.C. 


No. 3835B Complete $425.00 


Write for literature describing the production of papergrams and the use of the Densichron for quantitative 


determination by the maximum density method. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


ur firm or Institu- 


PARATUS AND EQUIPMENT 


Bantam-ware, a complete small organic 
hemistry laboratory, has recently been 
ntroduced by the Kontes Glass Co., Vine- 
pnd, New Jersey. 

The Bantam-ware kit is provided with 
mple basic components to enable frac- 
onation, steam, atmospheric and vac- 
um distillation, chromatographic analy- 
s, extraction, filtration, reflux, and sepa- 
ation. This apparatus is intended for 
olumes of less than 5 ml. to 50 ml. Ac- 
essories for supporting, clamping, heat- 
ng, agitating, and storing are also sup- 
lied. 


The Verifax Signet Copier, a simplified 
pw-cost photocopy machine that produces 
everal copies of any document in one 
ninute, has been introduced by the East- 
nan Kodak Co. 

At less than the cost of a standard 
ypewriter, the new Copier enables all 
esearch offices and laboratories to place 
photocopying facilities within a few steps 
f any worker and extends the practical 
se of photocopies to even the smallest 
rganization. 
With regular Verifax Copy Paper, up 
0 five or more black-on-white copies are 
broduced at a materials cost of about 
'/: ¢ per copy in the letter size. 


Hoke, Inc., 153 S. Dean St., Engle- 
ood, New Jersey, has announced a new 
ine of steel-bodied bar stock needle valves 
or general applications in controlling 
he flow of liquids or gases. 


The Phoenix Precision Instrument Co., 
803 Fifth St., Philadelphia 40, 
Pennsylvania, announces a new high 
intensity regulated monochromatic light 
ource of operation on 115 volt 60 cycle 
C lines (50 cycle models are available 
bn special order). The light source is a 
high pressure mercury vapor lamp which 
sideal for use with monochromatic filters, 
s strong radiations are produced at wave- 
engths 365, 406, 436, 546, and 578 mu. 


Forro Scientific Co., 833 Lincoln St., 
vanston, Illinois, announces a new radio- 
tive chromatograph scanner which em- 
loys a small flow counter with low back- 
found for scanning strips to 11/2 inches 
width. 


A new electronic instrument for con- 


trolling the conductivity of solutions has 
been developed by Fielden Instrument 
Division of Robertshaw-Fulton Controls 


Co., 2920 N. Fourth St., Philadelphia 
33, Pennsylvania. 


p> A new power borer capable of producing 
in seconds accurately bored holes in 
stoppers and corks has been developed 
and manufactured by E. H. Sargent & 
Co., 4647 W. Foster Ave., Chicago 30, 
Illinois. The apparatus is essentially a 
condensed drill press with the vertical 
motion inverted. The boring operation 
requires only that the operator hold the 
stopper or cork in place on the platform 
and press the lever. 


p> The Barnstead Still & Sterilizer Co., 
2 Lanesville Terrace, Forest Hills, Boston 
31, Massachusetts, announces the de- 
velopment of its new Puromatic Controller 
which has been designed to control the 
purity of distilled water automatically. 
Operating on the conductivity principle, 
which is that the more impurities water 
contains the more it is able to conduct 
electrical current, the Barnstead Puro- 


INE, 199§Please mention CHEMICAL EDUCATION when writing to advertisers 


Flexible 


Resistant to virtually 
all acids and alkalies 


Non-aging 
Sterilizable 
Easily connected 
Easily cleaned 


Available in more 
than 50 sizes 


Branded for your protection 
Conveniently packaged 
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OUT OF THE 


Edtter's Gasket 


matic Controller constantly measures the 
purity of distilled water coming from a 
Barnstead Still before it enters the storage 
tank. 


> The Arthur F. Smith Co., Rochester, 
New York, has announced the produc- 
tion of a new line of modern high vacuum 
stills designed for simple and continuous 
operation at low cost. Known as the 
Rota-Film Still, the new distillation proc- 
essing unit features a sanitary, self- 
cleaning packaged unit capable of handling 
a large capacity on a continuous basis. 


> A new ultra-stable regulated high 


voltage power supply for advanced areas 
of research and development is now in 
production at Hamner Electronics Co., 
Inc., Box 531, Princeton, New Jersey. 
The model is a modified and improved 
version of the popular Hamner N-401. 
It provides a high degree of stability 
heretofore available only with batteries. 
The stability is limited only by the voltage 
reference tubes, which are the new ultra- 
stable 85A2 types operated under con- 
stant current. The voltage variation of 
these tubes is less than 10 PPM per hour 
for their first 1000 hours, and less than 
2 PPM per hour thereafter. 


> Will offers a new disposable, presteri- 
lized plastic Petri dish for one-time use 
which eliminates entirely the cost of 
scraping, washing, sterilizing, and break- 


age. 
Sterile-packed in sealed containers of 20, 


ITEMS 
FROM A 
SINGLE 


MATHESON 


DIVISION OF THE MATHESON COMPANY, INC. 


MATHESON, COLEMAN & BELL REAGENT 
CHEMICALS INCLUDE PRACTICALLY ALL 
THE ITEMS USED IN LABORATORY WORK! 


Our Reagent Organic Chemicals conform not only to 
the specifications shown in our price list but also to 
the best literature values. 


The Reagent Inorganic Chemicals carry maximum- 
limits-of-impurities labels. 


In addition to Reagent Organic and Inorganic Chemi- 
cals, many items of U.S.P., N.F., Practical and Techni- 
cal grades are available. 


OUR NEW CATALOG LISTING MORE THAN 4000 ITEMS 


WILL BE SENT ON REQUEST 


COLEMAN & BELL 


Manufacturing Chemists 


EAST RUTHERFORD, NEW JERSEY © NORWOOD (CINCINNATI), OHIO 


JOURNAL OF CHEMICAL EDUCATION, JUNE, 1% 


the dish is optically clear, scratch resiyfUT © 
ant and always ready for immediate ys 
No waiting on lack of personnel or avai dé 
ability of washing facilities, often over 
loaded. Over one million dishes hay 
already been used with highly satisfacton 
results. 

Users of Petri dishes are invited 
write for literature, prices, and samples 
Will Corp., Rochester 3, New York. 


NEW CHEMICALS 


@ A new reagent chemical, a tetrazoliuy 
salt designated 2-(p-Iodopheny])-3-(p- 
trophenyl)-5-phenyl tetrazolium chloride 
has been developed by the Chemie 
Division of The Borden Co. 

Product of Borden’s Dajac Laboratory, 
the new salt is more rapidly reduced tha 
2,3,5-triphenyltetrazolium chloride, a 
other Dajac product. It is also high 
insensitive to photoreduction, and whe 
used for staining sections, it shows litt 
diffusion of color. 

Complete technical information on th 
new salt is available on written request t 
Dajac Laboratory, The Borden (Co 
Chemical Division, 511 Lancaster &t. 
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riptions, 
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olybden 


Leominster, Massachusetts. e., Nev 
this 

@ (Ethylenedinitrilo)tetraacetic acid tained f 
potassium salt has now been made avai The A 
e Al 


able as an Eastman Organic Chemie 
because of its superior alcohol solubility 
as compared with the sodium salt of thi 


iblished 
bstrumen 


well-known chelating agent, according tog’ Silve 
Distillation Products Industries, Roches? num! 
ter 3, New York. 1 lab te 

For the determination of free chloringed produ 
and chloramines in water, the reagei oe 


N,N-Diethyl-z-phenylenediamine oxalat4 
has also been added as an Eastmat 
Organic Chemical. It is stated to be mort 
stable than the hydrochloride or sulfate 
salts of the same compound. 

A third new Eastman Organic Chemi 
cal is 3-(p-Nitrophenyl)-1-(p-phenylaz 


ipolene, 
axes dey 
roducts, 
ested in 
hanufactr 
ial and ¢ 


phenyl)triazene, a spot test reagent tha A broc 
is said to form a cornflower-blue lake witliM{odel 40 
Mg** and a red-pink lake with Cd°"Jier, feat 
Seven other additions to the list of soméfiator, ha: 
3500 Eastman Organic Chemicals hav{lmer Co 
been announced: 
thiazole C\oHs—1—N:C(N H2)—2—S; Car Genera 
ry Park, 
bethoxymethy] Isocyanate C,H;OCOCH@ March, 
NCO; 2,5-Dichlorobenzenesulfonic Aciffroducts 
Sodium Salt (Techn.) 
6-Diethylearbamoy and n 
boxylice Acid (C2H;)zNCOCHCH,CH: 
ingle 
CH:CHCOOH; Diethyl the 
gaseous 
HN(CH.COOC:H;)2; Di - ju 
[CH;( }2NH; 3-Methoxy-1-butan 0., 132 
illust: 
NEW LITERATURE W.H 
@ The Chemirad Corp., Chemical ReqWorth Sts 
search and Development, P.O. Box 15)ffonsultan 
Port Washington, New York, has prepare@&nnounce: 
an annotated bibliography on Eithylen@iPaper Ne 
Imine Chemistry. Copies may be obtaine@Diozivle in 


nents. 


J. Bisl 
falvern, 
hemicals 
solutions 
available 


by contacting the company. 


@ A new 8-page catalog describing sever 
electro-optical instruments for proce* 
control has just been published by Barne: 
Engineering Co., 30 Commerce Rd. 
Stamford, Connecticut. Described in th4 
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satisfacton 


invited t@ftalog are: ‘‘OptiTherm’’ Infrared Radi- 
samplesMeter~, instruments used in remote tem- 
‘ork. rature measurement, ‘‘OptiTherm’’ In- 
ed Detectors, high speed thermistor 
lomeiers for detection of infrared radia- 
yn and the Barnes Industrial Process 


tr piractometer, for controlling the purity 
n chloridel Streams by continuous measure- 


ent o! refractive index. 


A new, enlarged 1956 Edition of the 
aborator Maar Chromatography Catalog, featuring 
duced than mplete listings of equipment, accessories, 
oride, aMhd chemicals currently being used in 
lso omatographic analysis, has just been 
and wheieased by Schaar and Co., 754 W. Lex- 
hows littlfiton St., Chicago 7, Illinois. 


ion on th An up-to-date listing, with brief de- 
request t@@riptions, of all its available chemical bul- 
rden Cofftins, has just been issued by Climax 
raster StMolybdenum Co., Dept. L, 500 Fifth 
ve, New York 36, N. Y. Designated 

}-3, this four-page compilation may be 

tained from the company on request. 

wade avai 


Chemica’ The Aminco Laboratory News which is 
solubilityeblished bi-monthly by the American 
alt of thigpstrument Co., Inc., 8030-8050 Georgia 
cording tapYe-» Silver Spring, Maryland, is devoted 
s, Rochesp 2 number of articles and information 
1 lab techniques, engineering, testing, 
e chloringd production control. 
e reagel 
oxalat4 
Eastmat 
to be 
or sulfatg 


Chemie 


acid 


A wide range of possible applications for 
Npolene,’’ a new line of polyethylene 
axes developed by Eastman Chemical 
roduets, Kingsport, Tennessee, is sug- 
sted in a brochure for formulators and 
hanufacturers of wax-containing indus- 
and consumer products. 

henylazo 
gent thal A brochure describing the Spectracord 
lake witlfodel 4000 Ultra-violet Spectrophotom- 
th Cd-“fter, featuring a new double monochro- 
st of somfiator, has been published by the Perkin- 
cals havimer Corp., Norwalk, Connecticut. 


[1,2/ 

—§; Car General Biochemicals, Inc., 677 Labora- 
ty Park, Chagrin Falls, Ohio, have issued 

March, 1956, price list of their special 

mic Acilffroducts for research including biological, 

bacteriological, biochemi- 

and nutritional materials. 

CH 


OCOCH: 


Single and double rectification plants 
diacetate? the production of oxygen or nitrogen 
igaseous or liquid form are described in a 
xy lamil atalog just issued by Superior Air Products 
1-butandf-0., 132 Malvern St., Newark, New Jersey. 
OH. quid air plants and acetylene plants are 
so illustrated and described. 


W. H. & L. D. Betz, Gillingham and 
tical ReGWorth Sts., Philadelphia 24, Pennsylvania, 
Box 15)ffonsultants on industrial water problems, 
prepar@nnounced the publication of Technical 
Eihylen@Paper No. 133, Determination of Carbon 
obtainGDiorile in Water by Conductivity Measure- 
ents. 


J. Bishop and Co., Platinum Works, 
lalvern, Pennsylvania, have a listing of 
hemicals, precious metal catalysts and 
lutions for plating bath preparation 
bvailable on request. 
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@ A new catalog of classroom equipment 
for the sciences, arts, crafts, and home- 
making has just been published by Meta- 


lab Equipment Co. The catalog illus- 
trates and describes a newly designed 
group of tables and desks to harmonize 
with the modern schoolroom. All units 
are available in a choice of four reinforced 
table tops: Formica, fiber-core plastic, 
Colorlith, or laminated hard wood. 

Copies of this catalog, designated 
Catalog 56-CE, may be obtained by writing 
to: Advertising Dept., Metalab Equip- 
ment Co., Division of Norbute Corp., 
214 Duffy Ave., Hicksville, L. L, New 
York. 


@ Lithium Corp. of America, Inc. has 
announced publication of Supplement No. 
4 of the Annotated Bibliography on the Use 
of Organolithium Compounds in Organic 
Synthesis. Distributed without charge to 
those engaged in chemical research, the 


original Bibliography and its Supplements 
are offered as a reference work and guide 
to research on Lithium and its compounds. 


Supplement No. 4 contains abstracts of 
271 papers published during 1954 and 
1955. The abstracts are listed alphabeti- 
cally by author and are numbered con- 
secutively. An index of compounds men- 
tioned in the abstracts is included. 

The original Bibliography was published 
in January, 1949. It contained a review 
of all literature on Lithium in organo- 
metallic chemistry published prior to 
January, 1948, totaling 223 abstracts. 
Supplement No. 1, published in January, 
1950, Supplement No. 2, published in 
January, 1952, and Supplement No. 3, 
published in January, 1954, contained, 
respectively, 136, 218, and 173 abstracts. 
A total of 1021 abstracts reviewed since 
1949 indicates the tremendous, continuing 
growth of interest in Lithium chemistry. 


Yes, we’re bragging—and understandably s0; 
because we back our elaim with the uncondi- 
tional guarantee that if ALCOJET is not the 
finest machine detergent you have ever used, 
please return the empty box for a full 

cash refund. 

If you use a machine washer to clean 
laboratory gl e, Porcelain, Metal or 
Plastic equipment use ALCOJET, the detergent 
specifically designed to prevent streaking, 
spotting or film residues. 

ALCOJET is made by the manufacturers of 
ALCONOX, the world’s leading hospital 

and laboratory detergent for hand washing. 
Order from your regular Alconox supplier or 
write direct to Department M for free sample 
and additional information. 


61-63 CORNELISON AVE., JERSEY CITY 4, 
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VIR-TIS Histo Freeze-Dryer 
From Aloe Scientific 

New Tissue Freeze-Drying Unit 

Low cost compact tissue freeze-drying unit may be 
used for the most exacting problems of microchemi- 
cal and optical studies of tissue, as well as routine 
preparations for sectioning. Drying time for most 
tissues less than six hours at —40°C bath tempera- 
ture, —78°C condenser temperature. Made of 18-8 
stainless steel and heavy wall Pyrex brand glass. 
Since this apparatus utilizes the principle of a short 
path (1 mm) molecular distillation, condenser acts 
as an extremely high speed water vapor pump. Sat- 
isfactory results are obtained using any good 2 
stage mechanical pump, thus eliminating need for 
an expensive diffusion pump. Eight tissue sections 
may be run at one time or several units may be 
operated simultaneously from one vacuum pump. 
Embedding is accomplished in the original vacuum 
in paraffin, carbowax, etc. Unit is equipped with 
individual chamber for evacuating the embedding 
medium prior to use. Vacuum unit may be used 
as a short path freeze-dryer for small volumes of 
liquids. For complete details request Bulletin 27-103. 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE CO. 
5655 Kingsbury, St. Louis 12, Missouri 


KANSAS CITY @® NEW ORLEANS @ ATLANTA 
WASHINGTON, D. C. 


LOS ANGELES @ SAN FRANCISCO @ PHOENIX 
SEATTLE @ DENVER @ MINNEAPOLIS @ DALLAS 
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WACOZPOWER STIRRER 


‘opies ¢ 
pplemen 
bm Lith 


HIGH TORQUE 


POWER 97 Rand 
FOR EVERY 
STIRRING 
NEED Biting an 

atic | dist 

SPARK FREE on 
INDUCTION The bul 
the apy 

MOTOR tomatic 

e and 

24-HR. SERVICE : so inclu 
FOR PILOT mponen 
agram ¢ 

PLANT tillation 

lletin 7: 

IDEAL FOR 
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ORGANIC : 

A new. 

WORK prter Co 

glass 

2 SPEEDS...2 SHAFTS © 300 or 600 R.P.M. pm Pyre 
bd fittin 


Many laboratories and pilot plants report they are Mboratory 
using Waco Stirrers 24 hours a day, 7 days a week Mecial ser 
for months at a time. No other stirrer will give as Bln adc 
much service per dollar of cost as this one. The X?’s ne 
famous Waco Stirrer is not a stock motor converted seine. 
to a stirrer. The motor is specifically designed for B" ? 


heavy duty in laboratories. 


yo-Way 
Copies 
2 speeds—two 4" shefts turn in opposite )-10—are 
directions at 300 and 600 R.P.M. at ater & 
especially high torque. Speed is controlled 1. Hatb 
by putting the stirrer on either the 300 or ” 
600 R.P.M. shaft. These shaft speeds cover A new. 
the majority of applications. plete | 
Built-in cooling fan—allows continuous ents, ine 
operation, without over-heating or burning bead and 
out. icrotome 
motor—safe for use with tomatic 
inflammaéodies. ity bric 
JC 10235 with tubular brass mounting rod and 6-foot graphy 
cord but without chuck or stirring rods, each. . $25.25 esters. 
JC 10235-1 Stirrer Chuck, for Waco Stirrer for 14” Copies 
onnectic 
CONVENIENT PADDLE STIRRERS FIT A new, 
ALL TYPES OF FLASKS AND STIRRERS sated 
weig’ 
ientific | 
JC 10236 Stirring Rods, Hinged Blade Type, Stainless Steel, Showin 
\%" diameter, 12” long, the rods are easily inserted through eights 


the neck of a flask by rotating the blade so that it parallels . 
the shaft. Once in the flask, the balanced weight aligns the ferovides | 


blade horizontally. Longer shafts available on request. D _ 
br_solvir 
Small Medium Lars: bination | 
20x50mm 20x75mm 20x100mm Among 
JC 10236-A Above stirring rods in sets of three, 4 , 


any oth 
The be 
olersi nce 
Copies 


LABORATORY SUPPLIES AND CHEMICALS entr:il § 


WILKENS-ANDERSON CO. 


4525 W. DIVISION ST., CHICAGO 51, 
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opies of the original Bibliography and 
pplements 1, 2, 3 and 4 are available 
bm Lithium Corp. of America, Inc., 
27 and Tower, Minneapolis 2, Minne- 


Precision Scientific Co. has published 
lletin 730, an eight-page bulletin illus- 
bting and describing the Precision Auto- 
atic | Distillation apparatus for automatic 
tillations of products having a boiling 
ge between 90° and 700°F. 

The bulletin describes uses and features 
the apparatus—including its accuracy, 
tomatic recording of temperature, vol- 
e and time, and ease of operation. 
so included are close-up views of the 
mponent parts, a functional block 
agram of the apparatus and typical 
tillation curves produced by the A.D.A. 
lletin 730 will be sent, on request, by 
cision Scientific Co., 3737 W. Cortland 
., Chicago 47, Illinois. 


A new catalog published by Fischer & 
prter Co., describes the company’s line 
glass pipe and fittings. Fabricated 


P.M. m Pyrex brand glass tubing, these pipe 
bd fittings are primarily designed for 
ey are Bhoratory or pilot plant use and other 
1 week Mecial services. 
jive as Bln addition, the catalog describes 
. The [XP’s new threaded metal couplings for 
verted [ectal-to-glass and glass-to-glass connec- 
ed for ws plus F&P’s high pressure glass stop- 


ks which are offered in spigot type, 
yo-way and three-way designs. 

a of the new literature—Catalog 
p-10—are available on request from 
scher & Porter Co., 683 Jacksonville 
1., Hatboro, Pennsylvania. 


A new eight-page catalog describes the 
bmplete line of Servall laboratory instru- 
ents, including angle centrifuges, super- 
peed and refrigerated centrifuges, ultra- 
icrotomes, high-speed homogenizers, 
tomatic pipets, high-precision conduc- 


Py) vity bridge, electrophoresis and chroma- 
bgraphy equipment, gas and moisture 
sters. 

Copies of the catalog are available from 
yan Sorvall, Inc., P.O. Box 230, Norwalk, 
onnecticut. 
A new, illustrated booklet containing a 
3 bmplete selection of laboratory balances 
d weights has been issued by Central 
Steel ientific Co. 
wou Showing a cross section of balances, 
ralizls and accessories, the booklet 
ns the f@ovides laboratories with the opportunity 
: D select the most suitable combinations 
br solving virtually any weight deter- 
Largs hination problem. 
tte Among the balances shown are: 
‘ nalytical, general laboratory, triple beam, 
$7.00 duty, industrial, torsion, spring, and . 


any others. Prices are also included. 
The booklet also contains the latest 
Weight Classifications and 
nees. 

Copies may be obtained by writing to 
entr::l Scientific Co., 1700 Irving Park 
Chicago, Illinois. 


BScicntifie Glass Apparatus Co., Inc., 


LLINO!S 
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WELCH Stacutese TRIPLE-BEAM BALANCE 


SENSITIVITY: 
0.01 grams 


CAPACITY 111g. 


(with extra weight 201g.) 


3 Graduated 
Scale Levels 
e 
Hard, Cobalite 
Knife Edges 


Grooved 
Agate Bearings 


W. M. WELCH SCIENTIFIC COMPANY 


Sensitive + Wide Range + Accurate + Fast 


Corrosion-Resistant + Low Cost 


NO. 4030 


4030. TRIPLE-BEAM BALANCE, High Form. 
4031. AUXILIARY WEIGHT. 
4030C. PLASTIC COVER, For No. 4030. 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 


J 


, ers of Sci 


ific Instr ts and Laboratory Apparatus 


+ Stable 


Each $27.50 
Each $1.50 
Each $1.10 


oO 0 O 


Yatioual's LARGE CAPACITY 
VACUUM OVEN 


WITH SAFETY THERMOSTAT 


FOR LOW PRESSURE DRYING 
or atmospheric drying. 


CHAMBER SIZE: 11% Cubic Feet, 


12 x 12 x 18” deep. 


TEMPERATURE RANGE 200°C. 
PRICED ONLY $295. 


Write for Free Bulletin 


Sales & Service Thru Your Laboratory 


Supply Dealer... 


Model No. 5840 


NATIONAL APPLIANCE COMPAN' 


OVENS INCUBATORS BATHS 
AND OTHER APPLIANCES ; 
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grade 


7 


613 
629 


Each of these grades is 


FILTER PAPER FOR CHROMATOGRAPHY 


eminently satisfactory and highly recommended. 


thickness 


.007 
.006 
012 


weight 


20 Ibs. 
25 
20 Ibs. 
35 Ibs. 


Available from your scientific supply dealer in standard size sheets, rolls or 


circles. 


Also available in special sizes or shapes. 


We will gladly supply you with free samples if you will write to us. 


THE EATON-DIKEMAN CO. 
MT. HOLLY SPRINGS, PENNA. 
The only company in America exclusively engaged in the manufacture of filter paper. 


FILTERTOWN 
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@ PRESSURE REACTION APPARATU 


Series 4000 
High Pressure -- Rocker Type 


For hydrogenation and other reac- 
tions at pressures to 6000 psig. at 
temperatures to 350° C. Furnish. 
ed with either 500 ml. or 1000 ml. 
stainless steel bombs. Apparatus 
includes oscillating mechanism, 
electric heater, and connections 
for adding or removing gas under 
pressure while rocking. 


Series 4500 


Medium Pressure -- Stirrer Type 


For catalytic hydrogenation, alky- 
lation, polymerization, and many 
other reactions requiring an auto- 
clave with stirrer tor pressures to 
1000 psig. Furnished with either 
1000 mi. or 2000 ml. stainless 
steel bombs, both interchangeable 
in the same electric heater for 
temperatures to 350° C. 


Series 3910 


Low Pressure -- Shaker Type 
For catalytic hydrogenation and 
other reactions at pressures to 5 
atm. Sturdy clamping device 
holds 500 ml. reaction bottle. 
Connections to 4liter gas tank 
permit quantitative control of hy- 
drogen consumed. Bottle heater 
available for temperatures to 
100° Centigrade. 


Ask your Parr Dealer for details and prices, or write direct 
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ARR InstRUMENT CO.. MOLINE, ILLINOIS: 


EST. 1899 © MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT | 
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Editor's Gasket 


announces the publication of a 36-page 
catalog on Apparatus and Accessories for 
Chromatography and Electrophoresis. 

Included in the catalog are such items 
as Chromatocabs, drying ovens, fraction 
collectors, electrophoresis apparatus, 
desalter, densitometers, round and rec- 
tangular jar setups, a new chromato- 
graphic attachment for Beckman Model B 
and DU spectrophotometers, ultra-violet 
lamps, filter paper, chemicals, miscel- 
laneous aids, etc. An entire section is 
devoted to special glassware—chromato- 
graphic tubes, columns, ete. 

For your free copy of this catalog, 
write directly to the Scientific Glass 
Apparatus Co., Inc., Bloomfield, New 
Jersey. 


@ The manufacturer of S & S Analytical 
Filter Papers announces the release of the 
new S & S “Quick Reference’ Catalog. 
This new up-to-date catalog gives filter 
paper data at a glance. Eight color 
pages. Sections on filter paper: Ash 
Free (less than 0.007% ash); Qualitative; 
Hardened and High Wet Strength; 
Folded; Miscellaneous and _ Filtration 
Specialties; Description of each paper, 
uses, circle diameters, sheet sizes. 
Includes handy S & § Filtration Chart 
showing retention values. Available free 
on request from Carl Schleicher & Schuell 
Co., Keene, New Hampshire. 


MISCELLANY 
= U g * Anew 16 mm. sound and color motion 


picture, running time about 35 minutes, 
“Zine Controls Corresion’’ has just been 
produced by the American Zinc Institute, 
Inc., 60 E. 42nd St., New York 17, N. Y., 
the national trade association for the zinc 
industry. Now available for agricultural, 
industrial, technical, and educational 
3 groups, the new AZI film dramatically 
tells how zine in its role of ‘‘protector’’ 
controls corrosion to lengthen life, and to 
minimize maintenance and replacement 


costs. 
* Are you up-to-date on ‘“Rheology?’’ 
See Number 56-2-61 of Burrell’s, An- 
nouncer which can be had by contacting 
a the company at 2223 Fifth Ave., Pitts- 
burgh 19, Pennsylvania. 
pe * An education] experiment at Rensse- 
Polytechnic Institute has indicated 
» and B that colleges of science and engineering 
to 5 Beould successfully advance some students 
>vice graduate studies without benefit of the 
ottle. year. 
tank This finding, regarded as highly im- 
of hy- portant in light of the urgent need for 
eater Bientists and engineers, particularly for 
es to Bthose with advanced degrees, was the 


result of a six-week experimental program 
conducted at the college last summer. It 
is disclosed in a report just published by 
Renesselaer’s Dr. Arthur A. Burr, pro- 
fessor and head of the Department of 
Metullurgical Engineering. 

Ten students, who had just completed 
their junior year and who had been care- 
fully screened for promise of brilliant 


achievement, were selected from ten 
colleges and universities to participate 
in the experiment. Their previous ex- 
perience had been in the field of physics, 
chemistry and metallurgical engineering. 

“There is no doubt among us who ad- 
ministered the experiment that approxi- 
mately half of the group could easily 
undertake studies toward advanced de- 
grees without further undergraduate train- 
ing.’’ Dr. Burr declared. “The perform- 
ance of all but one would have merited 
six credit hours of graduate work.”’ 


* Miniaturization is a big word that 
means things are getting smaller all the 
time. In the course of transistor research 
at Bell Telephone Laboratories it was 
necessary to control and locate tiny con- 
tacts within microscopic distances. To 
do this a special tool had to be developed. 

The result: a hand tool called a micro- 


| 


When you’re working on a confiden- 
tial project, you don’t want the whole 
world to know what's up. 

Don’t tell them. Don’t tell us. Just 
let us know what special glass appara- 
tus you need. We'll whip it up in a 
trice. Our lampworkers— men who 
dedicate their lives to producing out- 
of-the-ordinary ware in Pyrex brand 
glass—never discuss their work. They 
let their superb workmanship speak 
for itself, then only to you. 

To obtain precisely the special ap- 


paratus you need, simply send us a 


I§ Please mention CHEMICAL EDUCATION when writing to advertisers 


manipulator, which has been put to good 
use for a variety of important little jobs 
in electronics research at Bell Labora- 
tories. The tool is described in the current 
issue of the Bell Laboratories Record. 


% Educational institutions have no mo- 
nopoly on summer programs as indicated 
by the scheduling of the 13th Annual 
Summer Laboratory Program for Industry 
at the Polytechnic Institute of Brooklyn, 
99 Livingston St., Brooklyn, New York. 
Six high-level, concentrated courses in 
laboratory techniques will be offered for 
industrial researchers wishing to master 
the latest methods and equipment. 

The one and two week courses, with 
eight hour daily laboratory sessions in 
addition to evening lectures, will cover the 
following fields: X-ray diffraction, in- 
frared spectroscopy; polarography; prog- 
ress in polymerization and copolymeriza- 


drawing—or describe your needs. We'll 
fabricate it promptly. 


A little less in need of under- 
cover protection are over 
6,000 plus special items we list 
in our new catalog of Corning 
Custom-Made 
Ware. Write us for a free copy. 


CORNING GLASS WORKS 
70-6 Crystal Street, Corning, N.Y. 
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Apparatuss, 


for Steam Distillations’ 


Sere: 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in Twi 
INSTITUTION — INDUSTRY on 
LABORATORY — PLANT Jus 


Efficient—Dries all organic liquids instantly in bom 
liquid or vapor phase. Gases retain only [ff capacit; 
0.005 mg. H20O per liter. nical D; 


in 


blender 


Versatile—An all-purpose desiccant. He k 
their “ 
Non-Wetting—Does not become wet on satu- |Ff in np 


ration, nor crystallize to walls of tubes, towers or | and res 
desiccators. 


Shell: 
Neutral—Dries without reacting with either [ff parent 


acid or alkaline materials. capaciti 
Product 


Inert—Except toward water. Does not decom- = +. 


pose, polymerize, or catalyze organic sub- |f action, 
stances by contact. Insoluble in organic liq- To fir 
uids. 
plant, la 
A Regenerative—Repeatedly after any normal *Patente 
new type of steam distilling apparatus whose use, by dehydration at 235 to 250°C. 
construction insures a short distillation time, low dis- 
@ good recovery ond oviomatic, Economical—Lowest priced high grade desic- 
- cant. Available in quantity for Industrial 
Reduced surfaces and connections of the distilling Processes. 
flask and condensers decrease the possibilities of 
_ contamination and loss. The simplicity of design References 
makes this improved distilling apparatus easy to use. 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 


(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) Intensifi 


Nati B f Standards al of Research | Mede! p 
Distilling unit complete ..... $45.50 (3) 12-241 al 1804, P. No. 64 ont 


ing 
* Designed by R. Mavrodineanu and J. Gwirtsman, Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. oe “a 


Boyce Thompson Institute material, 
Manufactured and sold by Write for literature and quotations 


The individual steam system provides a convenient 
and safe operation. 


Write for 
Kelley ¢ 


CO. W. A. Hammond Drierite Company 
MANUFACTURERS & DEALERS sf 120 Dayton Avenue, Xenia, Ohio PA rT 
isade Ave., Yonkers 2,N.Y. pilot 
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Lab Director Proves 
Twin Shell Blender* 
Just Right for Job 


When Durkee, the big manufacturer 
of seasoning salts, bought a 30 cu. ft. 
capacity p+ twin shell blender, Tech- 
nical Director Stewart Woodruff knew 
in advance it was the “just right” 
blender for the job. 

He knew because he had blended 
their “difficult” ingredients perfectly 
in a 4-quart p+ blender in their lab— 
and results in p4c lab models can be 
scaled up exactly to large production 
runs, 

Shells on lab models come in trans- 
parent Lucite or stainless steel, in 
capacities from one pint to 8 quarts. 
Production models then range up to 
1000 cu. ft. capacity. Each retains the 
twin-shell’s unique 5-way blending 
action. 

To find out how you, too, can “pre- 
test” a p+ twin-shell blender in your 
plant, lab or mill, write today. 

* Patented 


Yoke Model holds 


two 1-quart or 


1-pint shells, or 
one of. each, or 
one 2-quart ‘shell 
with either, or 
adapts into a 
standard 4 
dice" blender. Han- 


Intensifier Bar 

Model provides 

more intense mix- 

ing action for 
ing up lumps, 

ond thorough dis- 

difficult 
tia 


Write for pc catalog 13. The Patterson- 
Kelley Co., Inc., 2560 Lackawanna 
Avenue, East Stroudsburg, Pa. @ 2506 


PATTERSON-KELLEY 


pk pilot plants * quick opening doors 
* cone and ribbon blenders 
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tion techniques; properties of macro- 
molecules in solution and ion exchange. 

Co-directors of the Summer Laboratory 
Program for Industry are Dr. Herman F. 
Mark, noted polymer chemist and Dr. 
Isidor Fankuchen, well-known crystal- 
lographer. 


% Gallium, a long available but seldom 
used wonder metal, today has a promising 
new application as a sealant in the many 
glass joints and valves in laboratory 
vacuum equipment. 

The novel use for the 80-year-old metal 
was discovered at the East St. Louis, 
Illinois, works of Aluminum Company of 
America’s refining division. It makes 
possible the redesign of vacuum equipment 
to afford simplification and lower cost. 
In a recent experiment performed by 
Alcoa’s research staff the effective operat- 
ing time of a tapered ground glass joint 
was more than doubled by the metallic 
gallium sealant. 


% Ralph Keirstead, former secondary 
science teacher, now consultant in Science 
Education for the Connecticut State De- 
partment of Education, Hartford, Con- 
necticut, has begun a series of builetins 
on suggestions for science teaching im- 
provement. In view of the present 


serious shortage of scientists and engineers | 


specific constructive ideas are valuable to 
all engaged in education. 

Among many good suggestions the 
following are most pertinent: 

1. Elimination of a policy that requires 
a teacher to teach more than one subject. 
In some schools good science teachers are 
engaged in such a variety of other fields 
that science becomes a chore of minor 
importance because of lack of time, ete. 

2. In areas where good science teachers 
are not available, investigate the possi- 
bility of having science teachers utilize 
the program that has long been carried 
out by special teachers in music, art, etc., 
to visit and teach in several schools. 

3. Investigate the ‘‘potential’’ science 
teachers in the system now engaged in 
other subjects. 

4. Consider the utilization of retired 
scientists’ and engineers’ “Ideas’’ as con- 
sultants for implementing and improving 
the science program. 

5. Remember that institutes, confer- 
ences, summer schools, and all other 
programs will be of little interest to the 
beginning teacher if he needs the vaca- 
tion period as an income supplement. 
To make these effective, remunerative 
grants must be sufficient to implement 
and supplement low salaries. 

6. Industry needs to give the science 
teacher a realistic explanation and inter- 
pretation of their use of science and engi- 
neering. Too few teachers have any 
real knowledge or experience in this 
field. 

7. Investigating the possibilities of 
schools doing some minor industrial re- 
search problems so that the teacher could 
have a more motivating force for labora- 
tory work. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Ultraman 


chromatography 
column 


Outstanding 


e The only valve universally acceptable 
for all chromatographic columns, in- 
cluding ion-exchange. 


Valve will not leak or freeze—and no 

lubricant is required. 

e Column is easily taken apart at the 
coupling to facilitate extrusion of ab- 

sorbent for analysis or 

cleaning. 


Sturdily constructed of 
heavy wall tubing for 
utmost safety in han- 
dling and in operation. 


Designed for flexibility 
—column length, por- 
osity can be adjusted 
easily with interchange- 
able parts and ac- 
cessories. 


Removable filter disc 
permits use of one 
column over wide range 


of absorbents. 


The Ultramax chromatography 
column has been enthusiastically 
received in many laboratories. Here 
are only a few good reasons why 
users prefer them. Write today for 
complete information and prices. 
In fact, contact Fischer & Porter 
first for all precision glass. 


FISCHER 


and PORTER co. LA1067 


4366 COUNTY LINE ROAD, HATBORO, PA, 
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NOW READY.... 


The ‘first series of ‘Tested Demonstra- 
tions’ reprinted from the 1955 volume 
of the Journal of Chemical Education. 


The booklet contains the 12 original installments comprising 
241 tested demonstrations on the following topics: 


Chemical Reactions 


xygen 


Hydrogen 
Water, Acids, Bases, Salts 
States of Matter. Solutions 


Equiliorium. Oxidation and reduction 

Atomic Structure: Radioactivity 

Group Zero (Inert Gases) and the Atmosphere 


Metallurgy 
Group 1. The Alkali Metals. The Copper Group 


The booklet is attractively printed, bound in serviceable 
green cover stock, and punched for a standard 3-ring binder. 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 


Single copies......... 
10-19 copies........ 75¢ Ea. 
20 or more copies.... 60¢ Ea. 


“I have just examined a copy of the 25-Year Cumula- 
tive Index of the JOURNAL. I congratulate you upon 
a beautiful piece of work. The Index will be of in- 
calculable value not only to teachers, but to au- 
thors of the JOURNAL. I think a justified criticism 

of the work of the latter—and I include myself— 

has been their failure to recognize the contribu- 

tions of others in the field. Now that the Index 

is available your reviewers can crack down on 

those in the future who skim over this essen- 

tial of good scholarship.” 


from a letter to the Editor 


The 25 Year Cumulative Index to the JoURNAL OF CHEMICAL 


00 


$3 


EDUCATION is not a compilation of the annual indexes. It's a * —POSTPAID ($3.50 foreisn) 
completely new index made from a study of each issue pub- 

lished since January 1924. This Cumulative Index is a veri- 

table bibliography of the entire field of chemical education. Journal of 


It’s a source book of ideas for the teacher and the chemist in 
industry alike. If you have access to the JOURNAL, you need 
a copy of the Cumulative Index. Order it today. 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 
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NUMBERS AND WHAT THEY MEAN 

The current shortage of scientists and engineers has 
become a popular subject for discussion; much of the 
latter has sought to find a “‘scapegoat.’’ More fingers 
appear to be pointed at the high school than in any 
other direction. 

All parties in the high school are targets for the 
finger pointing—the state boards of education for re- 
quiring teacher training in the arts of teaching rather 
than in subject matter; the communities themselves 
for their low pay scales and their rather low opinion 
of people who teach when they might earn more work- 
ing for industry; the school boards for using non- 
scientists to teach science courses; the teachers them- 
selves for the poor quality of the science courses they 
teach; and finally the students for their disdain of 
scientists. As evidence of the sorry state of science 
teaching in the high schools statements are made to the 
effect that high-school students are “staying away 
from science in droves,” that “only one of every 
11 high-school students takes chemistry.” 

Let’s put our fingers back in our pockets and raise a 
quizzical eyebrow instead. Are students staying away 
from science in droves? Is it strictly accurate to say 
that only one out of 11 high-school students takes 
chemistry? Do only three or four or even five per cent 
take physics? What do the numbers really show? 


It is probably true that at any one time only 9 or 
10 per cent of the high-school population are taking 
chemistry. These numbers are not meaningful in 
terms of the training of scientists. The pertinent 
question is: how many members of the high-school 
graduating class will have had chemistry or physics or 
three years or more of mathematics? From the gradu- 
ating class come those who enter our colleges and 
universities, not from the group who fail to complete 
the high-school program. Science requires the good 
student, not the poor one. As far as I know, there are 
no figures currently available to indicate accurately the 
science training of high-school graduates, but an 
approximate figure can be obtained. In 1954, 595,- 
000 high-school students were taking chemistry. Dur- 
ing the year 1953-54, 1,356,000 students graduated 
from high school. Had all the students been taking 
chemistry in the senior year and had all the chemistry 
students graduated from high school, some 43 per cent 
of the graduating class would have completed a course 
in high-school chemistry. This approximation is 
significant, for it shows that considerably more than 
one in 11 high-school graduates has had a course in 
chemistry. Applying the same reasoning to physics, 
365,000 high-school students took physics in 1954—a 
figure which is roughly 27 per cent of the graduating 
class. This is far above the 3 per cent figure recently 


The recent announcement in Chemical and Engineering News 
that Harry F. Lewis was awarded the TAPPI gold medal for 
1956 referred to him as “an active member of the A. C. S.’’ 
Those who know him recognize this as the understatement of 
the year. Men of normal vitality and enthusiasm accept jobs; 
The achievements of The Institute 
of Paper Chemistry and its alumni in the industry are his monu- 
An educator by instinct, he has led the small-college 
teacher to realize not only that he can do research, but also that 
it is important for him to do so (see THIS JOURNAL, 30, 470 (1953)). 
Moreover, he has helped industry to share this view. 

He has devoted countless hours during this last year to the 
travels and speaking engagements he has assumed as chairman 
When asked by the 
editors to “view from the window,”’ his reply was, “It will prob- 
We are sure readers will 
share our conviction that his insight matches his vision as he 


Harry Lewis leads crusades. 


ment. 


of the Division of Chemical Education. 
ably be that of a Pullman or hotel.” 


looks at some numbers. 
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quoted and is much more realistic. These figures 


243 high schools in Wisconsin in 1954. When the 
actual number of students taking chemistry in the 
eleventh and twelfth grades was averaged for a single 
class, the percentage was 45. It is, therefore, safe to 
say that a relatively large number of high-school 
graduates had been introduced to chemistry and a fair 
number to physics. In Wisconsin in 1954, similar 
calculations would suggest that the percentage who had 
trigonometry, however, probably did not. exceed 8 per 
cent, while only 14 per cent had advanced algebra. 
Not only have many high-school graduates had 
chemistry but quite a significant percentage of the 
superior high-school students are interested in a career 
of science and technology. A recent countrywide 
sampling made by the College Entrance Examination 
Board for the National Science Foundation showed 
that 25 per cent of the boys in the top 30 per cent of the 
samples said they would like to be engineers 15 years 
from now, while 6 per cent specified physical science; 56 
per cent of the boys would have liked to have taken more 
science in high school. An additional item to report is 
taken from the March 12, 1956, Time magazine in 
which it is said that of the 5000 semifinalists in the first 
annual merit Scholarship Corporation Award, 56 per 
cent (purely coincidental) of the boys intend to be- 
come scientists and engineers, while 36 per cent of the 
girls plan to teach. 

So we do have a sizeable number who are interested 
in science and who have had an introduction to chemis- 
try when they enter college. What happens to them at 
this point? It is impossible to say with accuracy what 
percentage of the 595,000 students in the high-school 
chemistry classes of 1954 entered college. If average, 
then 31 per cent of the number or 175,000 registered in 
college that fall. How many went into the general 
chemistry course is hard to say with certainty, but we 
do know from figures gathered by Dr. Otto Smith that 
there were some 230,000 or more students registered in 
general chemistry the fall of 1954. In June of 1958, if 
the recent pattern is followed, only 6000 or 7000 of 
these will graduate as chemistry majors. How many 
of the 230,000 were qualified to go on into a career in 
chemistry we do not know, nor do we know how many 
who were qualified were lost to chemistry by a poor 
experience in general chemistry, but it is reasonable to 
conclude that their number is legion. How many who 
managed to have a good experience in general chemistry 
were discouraged by poor teaching in either analytical 
or organic chemistry—probably quite a number? I 
say this because of the wide disparity in the effective- 
ness of various colleges and universities as baccalaureate 
origins for Ph.D.’s in chemistry. National Research 
Council Publication 382 from Dr. Trytten’s Office of 
Scientific Personnel provides convincing proof. One 
hundred and twenty-four liberal-arts colleges have 
given undergraduate training to more than ten chemis- 
try Ph.D.’s in the last 15 years. These are the produc- 


check well with the actual registration figures in some . 
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tive colleges. Two hundred and two colleges pro- 
vided not more than one Ph.D. in the same period, and 
many of these have failed to provide any; these are the 
nonproductive colleges. Similarly, one Big Ten univer- 
sity gave undergraduate training to 359 chemistry 
Ph.D.’s, another Big Ten school trained only 42 during 
the same 15-year period. The differences are not due 
alone to the quality of the student, for there are produc- 
tive and nonproductive schools at each level having 
similar geographical and cultural backgrounds. In 
one, the chemical talent is stimulated; in the other, 
the talent is never even identified. In one Midwestern 
college where chemistry is a popular course, since 1930 
one in four chemistry majors has gone on to the Ph.D,, 
another one in seven to the M.D.; a large number of the 
remainder have earned their master’s degrees. A sister 
institution provided the undergraduate training for 
only one Ph.D. in chemistry in the 15-year period of the 
Trytten report. 

Now for some more numbers. The impression one 
gets from the press is that students are staying away 
from chemistry and physics in college as well as in high 
school. Actually there are very few pre-World War 
II statistics available to provide any reasonable base- 
line from which to conclude that the interest in chemis- 
try and physics is on the wane. The first attempt at 
providing widespread information on the number of 
majors in the various disciplines including physics and 
chemistry was that of the Office of Education in their 
series, ‘Earned Degrees Conferred by Higher Educa- 
tional Institutions,’’ which began in 1947-48. These 
figures show that about one per cent of the men who 
graduate have a major in physics, and this is the case 
since 1947, a figure also developed in the report of the 
Joint Conference of the National Research Council and 
the American Institute of Physics this past year. The 
percentage of male chemistry majors has remained at 
about 2.5 for the past five years. Mathematics 
majors represent about 1.5 per cent of the men in the 
graduating classes. The loss in scientists is partly at 
least a result of the decrease in college enrollment fol- 
lowing the immediate postwar years. It does not 
necessarily imply a loss in interest. 

While there may be a question in the minds of some 
individuals as to the need for more chemists there is 
very little question that we need better chemists. 
Whether more or/and better, the question is certainly 
related to better teaching and the whole subject of 
chemical education. The productive schools seem to 
have the know-how; the unproductive schools lack the 
know-how. The outstanding teacher of chemistry, 
whether in high school, college, or university, is stil! the 
kingpin and should be recognized for what he is worth 
not only by his fellow scientists in all fields of scientific 
endeavor but by hisemployer. More power to him and 
more power to the Division of Chemical Education as 
it works to develop that recognition. 


Harry F. Lewis 


Figure 1. 
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AN EXPERIMENT IN TEACHING GENERAL 


Figure 1. 


The Chemistry ‘‘Originating Room,’’ Showing the Overhead ‘‘Scoop"’ Lights and Two of the Four Side Lights. One Camera Is 


Located in the Audience, the Other at the End of the Lecture Table. 


INTRODUCTION 


It is well known that enrollments in colleges and uni- 
Versities are due to increase tremendously in the next 
10 or 15 years. Knowledge that this expansion in stu- 
dent bodies will be experienced quite generally, espe- 
cially in the public institutions of higher education, has 
led to studies of possible solutions to these problems of 
expansion before they materialize. 

A possible partial solution to the problems of in- 
creased enrollments and teacher shortages lies in the 
use of various communication devices for extending the 
teaching of competent instructors to larger audiences of 
students. A promising device for mass communica- 
tion is that of television. Considered merely as a 
mens of communicating both by sound and by sight, 


1 Presented as part of the Symposium on The Use of Closed- 
circuit Television in the Teaching of Chemistry before the Divi- 
sion of Chemical Education at the 128th Meeting of the American 
Chemical Society, Minneapolis, September, 1955. 


The Pennsylvania State University, 
University Park, Pennsylvania 


it would appear to deserve careful, objective evalua- 
tion for educational purposes. 

The present paper describes an experiment which 
was carried out in the spring semester of 1955 by the 
Pennsylvania State University with the aid of a grant 
from the Fund for the Advancement of Education. 
The lecture part of a second-semester general chemistry 
course and two complete psychology courses were 
taught by use of closed-circuit television. As far as 
we know, this project represents the first in which 
whole courses or segments of courses have been taught 
by closed-circuit television on a controlled experi- 
mental basis for a full semester. 
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PURPOSE OF THE STUDY 


The general purpose of the study may be stated in 
broad terms as follows: to determine the relative effec- 
tiveness of the use of closed-circuit television in the 
teaching of unmodified university courses as compared 
with conventional methods of teaching in the class- 
room. Television was not to be considered as other 
than a means of communicating normal good teaching 
to groups of students. In other words, it was planned 
to adapt television to the course, not the course to 
television. 

To carry out the general purpose, several studies 
were required: 

(1) Study the feasibility of the use of moderate- 
cost TV equipment for instructional] purposes. 

(2) Determine the acceptability of this type of 
instructional medium to the students, the faculty, and 
the administrators of the institution. 

(3) Determine both the limitations and the ad- 
vantages of the use of closed-circuit television in in- 
structing various types of courses. 


DESIGN AND PROCEDURES IN CHEMISTRY 


The experimental design in the chemistry study was 
planned to give as good a comparison as possible be- 
tween sections taught with the use of television and 
those taught conventionally without television. Both 
the student groups and the instructional procedures 
were set up so that the principal variables were in the 
means and conditions of communication, not in course 


content, instructional staff, or method of presentation 
of materials. 

To understand the experimental design, it is desirable 
to present here a brief description of the course under 


observation. The chemistry course selected for the 
closed-circuit television study is the second semester of 
one of the two principal introductory courses offered 
by the department of chemistry. It is a five-credit 
course which consists of two lectures, one recitation, 
and two laboratory periods of three hours each per 
week. The chief factors influencing the selection of 
this course for the study included: the large number of 
students involved (about 450), the uniformity of 
laboratory conditions and location, and an experience 
of several years in the course using the same textbooks. 

Only the two weekly lecture periods were directly 
concerned with television presentation. Lecture sec- 
tions normally involve groups of from 120 to 200 stu- 
dents in a large lecture room. New material is pre- 
sented and lecture demonstrations are used frequently. 
The lectures are considered to be the core of the 
course. 

Lecture sections are split into recitation groups of 
about 25 each which meet once a week with senior staff 
instructors. New materials are not ordinarily pre- 
sented in recitation; instead, review, drill on problems, 
short quizzing on current work, and question-answer 
methods are used. 

The laboratory periods are devoted to work by the 
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students on experiments related to the lecture mate 
rials. About two-thirds of the laboratory work js 
spent on semimicro qualitative analysis of selected 
metal ions. An entire lecture group meets simul. 
taneously in the laboratory. Graduate assistants 
supervise about 25 students each, and a senior staf 
member supervises the over-all group of students and 
assistants. 

Nearly all students who take “chemistry 2” take 
further work in advanced chemistry courses. In gen. 
eral, they are students in scientific and pre-professional 
curricula, such as chemistry, chemical engineering 
pre-medicine, and the mineral sciences. Since they 
have just completed the first course, “chemistry 1,” 
quite complete data on their previous background in 
chemistry are readily available. 

Since no attempt was made to use television in the 
laboratory or recitation groups, the possibility oj 
finding significant differences between televised and 
control instruction is reduced. It must also be ob- 
served that learning may occur not only as a result of 
lecture demonstrations but also from the textbook, the 
laboratory exercises, and the recitation periods with 
respect to which all sections were treated alike. 

The students in lecture sections were divided into 
three groups, one of which was taught in the originating 
room, while a second (divided into four subgroups) 
received the lecture demonstrations over the television 
systems in the receiving rooms. The third group, 
which constituted the control group, was taught in the 
originating classroom with no television equipment 
present. 

Random assignment of the students to the three er- 
perimental lecture groups was impossible due to the 
nature of the course, so a matching procedure was used 
to obtain equivalent groups based on two principal 
factors: (1) curricular interest, and (2) grades in the 
preceding course in chemistry. 


ASSIGNMENT OF INSTRUCTORS 


The instructors who were to participate in the tele 
vision project were selected on the basis of recognized 
competence and experience and also on their interest 
in such participation. 

The three lecturers were men who had had previous 
experience in lecturing for this course.” 

Their responsibilities included: 

(1) The planning of the order of presentation of 
materials. 

(2) The preparation of the individual lectures and 
demonstrations. 

(3) Participation in planning sessions and revulat 
weekly staff meetings. 

(4) The primary responsibility for the preparation 
of the three monthly examinations and the fina! ex 
amination. 

(5) Observation and reporting of reactions o 
students, as well as their own reactions to the course. 


? Besides the author, the lecturers were Professors C. G. Haas 
and Thomas Wartik. 
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Each lecturer assumed full responsibility for one- 
third of the lectures. They appeared in rotation; 
. e., lecturer A presented three lectures to all groups; 
ecturer B then presented three lectures. When lec- 
urer C had completed a similar series, A took over for 
his next series, and so on. 

The plan of operation outlined above gave assurance 
hat each student in all lecture groups received the 
same lectures and demonstrations from the same in- 
structor. It also meant that each student received 
instruction in the lecture phase of the course from three 
different experienced lecturers. In this respect the 
procedure differed from the conventional one, in which 
given student has only one lecturer throughout the 
ourse. 

This plan gave each of the lecturers a period of time 
for preparation of his materials and demonstrations, 
since he was ‘‘off duty” while each of his two colleagues 
yas presenting his series. An added advantage 
from the instructor’s standpoint is that he was able to 
observe the presentation of the other lecturers on the 
elevision screen and thus gain an added knowledge 
and appreciation of the procedure from all angles. 
ach lecturer was credited with a teaching-lcead equiva- 
lent to the full lecture load for the course. 

Four senior staff members who were familiar with 
the “chemistry 2”’ course were given the responsibility 
of observing in the classrooms in which the television 
receivers were located. Experienced instructors were 
elected for this purpose because it was felt that they 
would be best able to note student reactions and 
ubjectively judge the effectiveness of the presentation. 
Their responsibilities included, in addition to the 
above, monitoring and adjusting of the receivers when 
required, keeping the attendance record, and filling 
out a brief report sheet of observations for each class 
period. The observers also participated in the regular 
staff meetings each week, and most of them were re- 
sponsible for some of the recitation and laboratory 
phases of the course. 
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EQUIPMENT 


The following brief description of the equipment used 


vias in the project is abstracted from the complete report of 


members of the Instructional Film Research Program 
of The Pennsylvania State University, of which Dr. C. 
R. Carpenter is Director and Mr. L. P. Greenhill is 
Associate Director. The IFRP group conducted the 
entire project with the cooperation of the department 
of chemistry and the department of psychology. 

One of the basic requirements of the current study 
was that “low- or moderate-cost’”’ television equipment 
must be used in the interest of feasibility. The equip- 
ment should also be portable and not easily damaged 
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_) Carpenter, C. R., L. P. GREENHILL, ET AL., “An Investiga- 
tion of Closed-circuit Television for Teaching University Courses’’ 
(Project No. 1), The Pennsylvania State University, July 31, 
1955, 102 pp. 


by semiskilled operators. These considerations pointed 

to the use of equipment designed around the vidicon 

television pick-up tube rather than the standard studio 
equipment which uses the image orthicon tube. 

Equipment built around the vidicon camera tube has 
a number of advantages and disadvantages when com- 
pared with image orthicon television equipment. 
Some of the advantages are: 

(1) Lower initial cost. 

(2) Lower maintenance cost (the vidicon tube costs 
about one-third as much as the image orthicon tube 
and has a very much longer life). 

(3) Operation and maintenance feasible for semi- 
skilled personnel. 

(4) Portability. 

(5) Less easily damaged and less subject to “‘burn- 
ing-in”’ by bright objects. 

(6) Uses less costly 16-mm. camera lenses. 

(7) Gives good gray-scale reproduction. 

The principal disadvantage of the vidicon equipment 
is its lower sensitivity to light as compared with the 
image orthicon camera. 

Standard Westinghouse 24-in. table-model receivers 
were selected. These proved to be very reliable in 
operation, and were particularly suitable because of 
their rugged all-metal cabinet. Aluminized picture 
tubes were found to provide a more brilliant picture 
than the standard tubes, and were generally used. 

One 24-in. receiver was located at the front center of 
each classroom, serving about 30 students. In the 
subsequent project (fall, 1955), two receivers were used 
in most of the receiving rooms for up to 50 students. 
Figure 2 shows one of these later systems. It was 
found after two or three weeks that the original 5-in. 
speaker located in the side of the cabinet did not give 
satisfactory sound level and quality. Accordingly, in 
each of these receivers the 5-in. speaker was replaced 
by an 8-in. speaker in a small baffle box, mounted 
underneath the receiver and directed toward the class. 

In order to locate the receivers at a convenient height 
and to make them easily movable and accessible for 
servicing, special light-weight metal stands were de- 
signed and constructed from 1-in. angle iron. These 
stands had adjustable legs so that the height of the 
center of the screen could be adjusted between 4 ft. 
6 in. and 5 ft. 6 in. The dimensions were such that, 
with the receivers in position, the stands could be 
wheeled through standard classroom doorways. 

Reflections of the room lights from the faces of the 
receivers presented an initial problem. After some ex- 
perimenting, several steps were taken to reduce or 
eliminate this difficulty: 

.(1) Hinged masonite hoods which projected forward 
about 15 in. over the top front of each receiver were 
installed. 

(2) Each receiver was tilted forward by placing a 
4-in. block of wood under the rear edge. 

(3) The window shades were usually drawn and 
only part of the room lights were used. 

The Dage television cameras, two in number, were lo- 
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cated in the fourth row of seats in the chemistry lecture 
auditorium. From this position the full length of the 
blackboard and lecture demonstration table could be 
covered without obstruction. The cameras and op- 
erators did not obstruct the vision of the students in the 
lecture room. The two cameras were mounted side by 
side, and each was equipped with three lenses on a 
turret (1-, 2-, and 3-in. lenses). A 4-in. lens for ultra 
close-ups was included in the equipment used in the 
fall, 1955. 

With this arrangement it was possible to use one 
camera for long shots and the other for close-ups, or to 
have one camera on while lenses were being changed on 
the other. In addition, the availability of two cameras 
provided a safety factor in the event of a breakdown 
with one camera. 

Control equipment was conveniently located in a 
small room immediately underneath the elevated seats 
in the lecture room. The control equipment, consisting 
of two camera controls, switching unit, audio-video 
mixer, synchronizing generator, power supplies, and a 
monitor, was mounted on a simple type of console. 

A small chest microphone was used by the instructor. 
This was an Electro-voice Lavalier type dynamic 
microphone of low impedance. It was inconspicuous 
since it could be worn under the necktie, allowed free 
movement, and gave a uniform level and high quality 
pick-up. 

While a 24-in. receiver was available to the instructor 
to see how his demonstrations appeared on television, 
its use was found unnecessary and was discontinued. 

As a result of early experimentation with the vidicon 
cameras, it was found that between 150 and 200 foot- 
candles of illumination were desirable for optimum 
quality pictures using a lens aperture of f/2.8. Orig- 
inal room lighting in the lecture room was only about 


ing Room" as Currently Used (Fall, 1955) 
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10 foot-candles. A lighting 
pattern was worked out 
using seven incandescent 
lighting units: three flood- 
lights (‘“‘scoops’’) and four 
spotlights. Two spotlights 
of 2000 watts each were 
located on the side walls, in 
front of the instructors 
table, to provide “modeling” 
light of fairly high contrast. 
Two similar units located 
nearer the front wall gave 
side and back light and 
lighted blackboard 
table. These 


above floor level. The three 
1500-watt ‘‘scoops’”’ were 
mounted on a 2-in. pipe 
suspended by cables from 
the ceiling so that they could 
be raised or lowered by a 
windlass. (See Figure 1.) 


THE TECHNICAL STAFF 


For any sustained experiment involving television 
equipment, it is necessary to have an adequately trained 
staff of technicians and operators. If closed-circuit 
television is to be feasible for economical college or 
university instruction, it is essential that such staff 
requirements be kept to a working minimum, and that 
personnel available on campus be used so far as pos- 
sible. 

Our technical staff consisted of both regular staff 
members and students. Members of the Instructional 
Film Research Program at the University are highly 
versed in matters of camera operation, lighting, and 
other skills required for filming and projection of effee- 
tive teaching procedures. Student engineers, both 
graduate and undergraduate, were used for testing and 
maintaining equipment as well as in operational phases 
of the work. Several key men spent some time ai the 
factories of the equipment manufacturers to receive 
special training. In addition, the services of consult- 
ants from the manufacturers were available and engi- 
neers from near-by television stations were brought in 
for technical aid on one or two occasions. 

For actual operation in televising the instruction, 
three men were used as minimum staff. These were 
the two camera operators, usually students with : few 
hours preliminary training, and a control operator, usl- 
ally a trained member of the IFRP staff. The control 
operator was in continual, two-way communicatio 
with the camera men. He was responsible for sceilg 
that a good picture and sound were relayed to the 
receiving rooms at all times. Camera angle, size o 
viewing field, and correct centering on field were item 
subject to his judgment and guidance. A student eng'- 
neer was usually on stand-by duty. 
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There were no preliminary rehearsals of the lectures 
before the cameras. Usually the instructor would 
brief the operators a few minutes before class concern- 
ing any demonstrations that required careful timing or 
special features that needed to be caught by the 
camera. For example, if soap bubbles full of hydrogen 
were to be ignited in mid-air, the cameraman had to be 
aware of the fact or he might leave the camera on the 
bubble-blower instead of the ascending bubbles. Fre- 
quently the instructor would indicate what to look at, 
emphasizing the important points to be observed. 
The cameras acted merely as onlookers and picked up 
what normally occurred and was visible to students in 
the classroom. 

As a result of the semester’s experience it is clear that 
for certain operations one camera should be located 
close to the demonstration table. This takes full 
advantage of one of television’s greatest potentialities, 
the ability to give a close-up view. This procedure 
was tried out during the final chemistry lecture demon- 
stration with good results. It was possible to show a 
Wilson cloud chamber and the operation of a Gieger 
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pe counter in such a way that students looking at a tele- 
re 1.) J Vision receiver could see much better than students 
actualiy looking at the demonstration. (During this 
last class receivers were also installed in the originating 
evision§ 700m so that the students there would not be at a dis- 
rained advantage!) 
circuit Slides were used from’ time to time and these were 
ege org Satisfactorily televised directly from the screen in the 
h staff] iginating classroom. 
d that] In practice it was found that a few special modifica- 
1S pos tions of instructional procedures were needed: 
(1) Use of the blackboard. It was found that for 
r staf Writing on the blackboard to be legible on the tele- 
tional Vision screens the instructor should use only one panel 
highly (5 feet wide) at a time. If more than one panel were 
x, ani Covered the reduction in size of the image on the tele- 
* offec- Vision screens made reading difficult from the tele- 
both Vision receivers in classrooms. It was also found that 
1g and legibility was greatly improved if a soft grade of chalk 
phases Were used. 
at the (2) Avoidance of pacing. Instructors who were 
eceivea 2ccustomed to pace backwards and forwards were asked 
reduce excessive movement. 
- engi- (3) Checking demonstrations. When there was some 
ght in doubt as to whether a demonstration would be visible 
on television, it was tried out ahead of time to see how 
ction, it could best be picked up by the cameras. This 
, were @Pplied to perhaps five per cent of the demonstrations. 
fev When actual colors of materials were considered to be 
» ysu-§ Of crucial importance, samples in test tubes were cir- 
ontro CUlated both in the face-to-face classes and the tele- 
cation Vision classes. 
seeing The engineers, camera operators, and camera con- 
¢ the "oller must have a thorough understanding of the 
ize og Capabilities and limitations of the television system; 
iteus§ Similarly the instructor must have a working knowl- 
: engi-§ @dge and awareness of the many elements involved in 


conducting a successful television course. Close co- 


operation between instructor, camera controller, cam- 
era operators, and engineer is vital for good television 
instruction. 


EVALUATION 


Ideally it is desirable to have firmly established the 
general and specific objectives of a course and then to 
prepare measurements to test achievement of these ob- 
jectives. 

The one general objective which could be agreed 
upon was that the course should teach the student a 
body of appropriate information consisting of facts and 
principles. Therefore, the main efforts of all con- 
cerned were directed toward the measurement of the 
learning of such information. This is usual with uni- 
versity teaching. 

For the television project efforts were made to meas- 
ure as thoroughly as possible informational learning, 
relevant attitudes and opinions, and some general 
changes in interests and judgments which might be 
assumed to be the effects of the course. 

The formal measures developed for use in the study 
in chemistry were as foliows: 

(1) Objective tests of student achievement. 

(2) Student reaction questionnaires designed to 
obtain students’ attitudes to televised instruction. 

Four major examinations on course content were 
given. Three of these were one-hour tests given at 
regular intervals; the fourth was a two-hour final ex- 
amination covering the work of the whole term. All 
students took the identical tests and examinations at 
the same time. 

The tests and examinations were almost entirely of 
the multiple-choice objective type. Questions were 
designed to test knowledge of facts and principles and 
ability to apply principles, and to demonstrate under- 
standing rather than simple recall, although some of 
the latter type were necessarily used. A significant 
portion of each examination dealt with chemical cal- 
culations. 

These tests were similar to those used in the course 
in previous years in both form and administration. 


TABLE 1 
Scores on the Four Examinations in ‘Chemistry 2” 
Total 
possi- 
ble Stand- TV- TV-_ Relia- 
Exam score ard RR* bility 
1 120 Mean 73.71 71.39 73.41 .91 
Adj. mean 72.25 72.30 74.62 
No. students 158 105 112 
2 123. Mean 81.41 78.54 79.60 .80 
Adj. mean 80.39 79.29 80.36 
No. students 155 102 108 
3 118 Mean 73.46 72.83 71.83 .92 
Adj. mean 72.52 73.21 72.79 
No. students 151 96 107 
Final 102 Mean 67.69 66.38 66.49 .89 
Adj. mean 67.28 66.67 67.14 


147 93 103 


* TV-RR = students in receiving rooms. 
’ TV-OR = students in originating room. 


They were prepared by the staff members responsible 


for the course, under the supervision of those instructors 


who gave the lectures. 

Results of the four informational tests given in chem- 
istry aresummarized in Table1. The reliabilities of the 
tests were estimated by the Kuder-Richardson For- 
mula 21, which assumes that all questions are equally 
difficult. This estimate of reliability indicated how 
similar the scores would be if a different set of items on 
the same material were used. 

The means of the tests for each group were adjusted 
statistically for differences between the means of the 
groups on the matching variables. These were the 
final examination grade for “chemistry 1” and the 
average of the three one-hour examinations in ‘‘chem- 
istry 1’’ (the first semester part of the course which all 
of the students had taken the preceding semester). 

Inspection of these figures reveals that there is no 
significant difference in the scores of the three groups 
on the four examinations. 

One must be careful in drawing conclusions from 
these results. Since only one phase of the course, the 
lectures, were subjected to television treatment, the 
roles of the recitations, laboratory, and textbooks are 
not distinguished or assessed. One cannot conclude 
that television is better than, equal to, or worse than 
the conventional system, It is indicated, however, 
that the students’ learning of informational matter, as 
tested, was not handicapped by using the medium of 
television for the lecture part of the course. 


In addition to the examinations a short question- 
naire was administered to the students in the receiving 
rooms in the eighth week and again in the final week of 


the course. Two questions were asked, one regarding 
learning and the other regarding interest. It was ex- 
pected that the results of these questionnaires would 
give some indication of attitudes of the students toward 
the project. 

The first question was: ‘Do you think you are 
learning as much over TV as you would have learned 
in a conventionally taught course with the same in- 
structor?”’ 

Students were asked to check their answer in one of 
the five categories listed. The summarized results are 
given in Table 2. 

Since “acceptable” can logically be considered to 
describe the attitude toward televised instruction of 
those checking ‘‘About the same,”’ little more” and 
“Much more,” most of the students can be said to have 
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found it quite acceptable. A very slight negative shift 
at the end of the semester is noted. 

The second question was: “Do you think the cours 
is more or less interesting than it would have been if 
taught by conventional methods and procedures?” 

The results are summarized in Table 3. 

It is interesting to note that there is a shift at the end 
of the semester favoring both the first two and the last 
two responses. 

Before this report on the instructional television 
project at Penn State is concluded, a few personal 
comments might be in order. 

At the time it was originally proposed to teach 
“chemistry 2” lectures by closed-circuit television, con- 
siderable hesitancy was expressed by many members of 
the teaching staff. It was foreseen that there would be 
a number of problems which could not be completely 
eliminated, such as the inability to transmit color and 
the limitations on use of the blackboard. There was 
also a natural hesitancy with regard to the possible 
physical and psychological effects on the instructor of 
working before the cameras, under the bright lights, 
and with part of the audience located remotely. 

It can be said after the semester’s experience that the 
first difficulty, absence of color, proved to be a serious 
handicap incapable of elimination with the present 
equipment. It was agreed at the start that if this or 
other limitations proved to be critically serious, as 
judged by reactions of the students and staff involved, 
the project would be terminated and we would return 
to conventional teaching procedures. Such a critical 
situation did not materialize. Although the oppor- 
tunity was left open for any dissatisfied student to re- 
port to the director of general chemistry and request 4 
transfer to a different group, no such request was made. 
Informal chats with students who were in the television 
receiving classes did reveal that the color and black- 
board factors comprised their strongest objections to 
this method of teaching. 

Absence of personal contact with the lecturer was 
evidently largely compensated for by the fact that the 
students did have such contacts in both recitation and 
laboratory phases of the course. 

The experience of teaching under the lights before 
the cameras did not prove to be a serious matter. 
After the first shock test, little feeling of annoyance was 
experienced, and the instructor became readily adapted 
to the situation. 

The reactions of the staff were frequently expressed 
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Students’ Estimates of Probable Learning by TV as Com- 
pared to Conventional Instruction (%) 


TABLE 3 


Students’ Estimates of Interest of Courses by TV as Com- 
pared to Conventional Instruction (%) 
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in open discussions at the weekly staff meetings. 
Early in the term, a “‘wait-and-see”’ attitude pre- 
dominated. Two or three of the four receiving-room 
observers occasionally expressed enthusiasm for the 
project based upon their observation of the close atten- 
tion and concentration of the students in the viewing 
groups and the fine visibility of the demonstrations. 
They observed that students involuntarily responded 
verbally to the occasional questions asked by the lec- 
turer, as they would if present in the originating room. 

There is little doubt that instruction of chemistry 
classes by television is quite feasible for the lecture 
phase. It has a very significant advantage in making 
the experiments clearly visible. If color and a large 
screen were available, it would be entirely practical, 
perhaps even quite desirable. With limited avail- 
ability of high-quality teaching staff and with very 
large numbers of students, this method would be an 
important possible solution to the problem of giving 


efficient instruction. In our present situation, with 
the serious problems of lack of color and screen size, it 
would seem unwise to adopt the method as a regular 
procedure. Looking into the future, with improve- 
ments in television equipment and huge increases in 
student numbers, this conclusion may well be reversed. 

The exploratory work described in this report has 
helped to define several problems of instructional tele- 
vision which require further study. The project is 
being continued in chemistry through the academic 
year 1955-56. Several modifications in experimental 
design have been made in an attempt to delineate stu- 
dents’ attitudes more clearly. In the fall semester, 
600 freshmen took the beginning term of chemistry in 
which the lectures were televised. In the second 


semester, television will be used with large classes as a 
visual aid in presenting lecture-demonstrations. At 
the conclusion of these current experiments, pertinent 
findings will be reported. 


HYPOTHESIS’ 


Tue origin of Prout’s hypothesis has been an intriguing 
point of speculation for some time. Prout himself is 
largely responsible for this, for when he first suggested 
that hydrogen might be the modern equivalent of the 
protyle of the ancients he stated without further com- 
ment that the idea was “‘not altogether new.”” Recent 
opinion has generally favored Humphry Davy as the 
most likely source of ideas suggestive of Prout’s 
hypothesis.? 

One bit of evidence available from Prout’s papers has 
been overlooked in the citing of support for Davy’s 
claim. The contents of Prout’s first paper are clearly 
described by the title “On the relation between the 
specific gravities of bodies in their gaseous state and the 
weights of their atoms.”* The paper contains no origi- 


' Presented before the Division of History of Chemistry at the 
128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 

* See, for example, Grecory, J. C., “The Scientific Achieve- 
ments of Sir Humphry Davy,’’ Oxford University Press, London, 
1930, p. 86; and O. T. Benrry, J. Cuem. Epuc., 29, 78 (1952). 

*This paper was first printed anonymously in Thomson’s 
Annals of Philosophy, 6, 321 (1815). It is probably more acces- 
sible in the Alembic Club Reprints #20, 25-37, which also con- 
tain Prout’s second paper of 1816. All references to Prout’s 
papers are to the Alembic Club Reprint. 


* THE CHEMICAL BASIS FOR PROUT’S 


ROBERT SIEGFRIED 
University of Arkansas, Fayetteville, Arkansas 


nal data of his own, but is concerned with the calcula- 
tions of atomic weights by the application of Gay- 
Lussac’s law of combining volumes to gas densities as 
determined by various other workers. In summarizing 
the contents of his tables of calculated data, he stated: 


That all the elementary numbers, hydrogen being considered 
as 1, are divisible by 4, except carbon, azote, and barytium, and 
these are divisible by 2, appearing therefore to indicate that they 
are modified by a higher number than that of unity or hydrogen. 
Is the other number 16, or oxygen? And are all substances com- 
pounded of these two elements?‘ 


There is nothing in Prout’s paper itself to indicate 
why he chose oxygen as the representative for the higher 
number, or indeed why he felt the need for a higher 
number at all. It seems likely that he was here showing 
a strong influence from Humphry Davy, who had on 
numerous occasions proposed a hydrogen-oxygen dual- 
ism based on the results of his electrochemical re- 
searches. It was only in a later paper offering a correc- 
tion to his first, that Prout acknowledged that on the 
basis of his atomic weight data only one fundamental 
substance was necessary to explain the numerical sim- 
plicity among the atomic weights. 


4 Alembic Club Reprints #20, p. 37. 
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If the views we have ventured to advance be correct, we may matter, hydrogen is the substance which approaches nearest tof “Ou the 
almost consider the rpwrniAn of the ancients to be realized in what the elements may be supposed to be. It has energetic perimen 
hydrogen; an opinion, by the by, not altogether new.® _ powers of combination, its particles are highly repulsive as to It consi 

z each other, and attractive of the particles of other matter; it 

If we accept as probable the influence of Davy, we enters into combination in a quantity very much smaller thay ¥8Y 9% 


should also seek the experimental basis of his comments any other substance, and in this respect it is approached by no sulfide | 
which to Prout in 1816 were “not altogether new.” known body.’ sumed t 
Davy’s suggestions respecting the fundamental nature Though all the properties of hydrogen listed by Davy and be 
of hydrogen were not based on any mathematical suggest that hydrogen might be “nearest to what the "Y° be 
atomic weights, elements may be supposed to be,” this statement was! 

the apparent presence of hydrogen in some of the not mere conjecture. If hydrogen were the fundamental pr t 
bodies, by of substance, it should be possible to obtain it from such 
onthe pile presence of tn others, In sito the undecompourded odie a and 
P phorus, for example. And Davy ound it there. iy: 
> 
In the Bakerian Lecture to the Royal Society for | 
ely of the 4 1808, Davy reported that when sulfur was heated in an 

chemical basis for Prout's hypothesis has not been ade-  ¢lectric are, permanent gas was produced which proved 

quately explored. It is the purpose of this paper to to be hydrogen sulfide. hydrog 
examine the chemical evidence which made possible ; } i the cha 
Davy’s numerous conjectures on the nature of the ele- mee of ogen viewed 
ments, and particularly the evidence supporting the it in sich laree quantities on un accidentad 20d 
suggestion that hydrogen was the fundamental sub- = 

stance. n 
Davy’s career between the years 1808 and 1812 has He obtained by similar means, phosphoretted hydro- § there w 
been called “a period of perplexities,”® a phrase equally 8°" (phosphine) from phosphorus and drew analogous § constiti 
applicable to the whole of chemistry at that time. The conclusions about the composition of phosphorus.’ ., | frst. pa 
perplexity arose from the uncertainty of the identifica- Davy’s willingness to accept this evidence as “proof” Ff tion,” 
tion of the elements. Lavoisier had developed the f the hydrogen content of sulfur seems rather remark- f same ti 
principle of denoting a substance an element only if it able, but there are two circumstances which make it Cura 
resisted serious effort to decompose it. The advantages ‘S¢¢™ @ more normal reaction. As has been pointed f animal 
of such an operational definition were clearly recognized Ut, Davy carried no fixed concept of what was an heated 
by the chemists following Lavoisier, particularly in ¢lement and what was not, and he was thus perfectly such a: 
contrast with the confusion associated with chemical Willing to believe that sulfur was not if the evidence s0 § posed « 
behavior when explained in terms of earth, air, fire, indicated. He almost never used the term element, for & he also 
water, mercury, salt, sulfur, phlogiston, ete. But such that implied a final knowledge which the science of § phorus 
an operational definition was not yet felt to be totally chemistry could not rightfully claim. He preferred the The 
adequate or intellectually satisfying. An element ™0re descriptive, but noncommittal term of undecom- § reserva 
might be usefully defined as a substance as yet unde- Pounded bodies. , ; they in 
composed, but it ought to be defined as something . Secondly, Davy’s own evidence was not the first to J neither 
undecomposable. Out of the divided loyalty to the new indicate that sulfur contained hydrogen. Indeed, he guaran 
operational concept on the one hand, and the old meta- had undertaken the experiment because of previous the pay 
physical one on the cther, arose the perplexities which idication of the decomposability of sulfur. with a 
so plagued Humphry Davy and, to a lesser extent, I have referred, on a former occasion, to the experiments of Mr. ists of 
other leading chemists of the early nineteenth century. Clayfield and M. Berthollet, jun., which seemed to shew that § chemic 
These uncertainties would not have been so signifi- re in hee pe a hydrogen. In consider- § and re 

F ° ing the analytical powers of the Voltaic apparatus, it occurred to 

cant had not there b een the accumulation of a consider- me, that though sulphur, from its being a non-conductor, could ee 
able amount of evidence that some of the substances not be expected to yield its elements to electrical attractions and § % “"° 
presumed to be simple were possibly compound, with _ repulsions of the opposite surfaces, yet that the intense heat, con- 
hydrogen the most commonly presumed constituent. nected with the contact of these surfaces, might possibly effect 
The evidence was not clear cut, as is usual with errone- po ree ay gg it, and tend to separate any elastic matter it B hydr 
ous data, but the science of chemistry was yet too young - ; explaine 
to speak with assurance about the true nature of the Clayfield never published his experimental work, but J *tion. 
elements. Davy described it in a footnote" in his famous paper, 


decomp 


2 Fo 

coil expressed his views about the elements 7 “The Collected Works of Sir Humphry Davy,” edited by his § chim. ( 
a8 LoHOws: brother, Joun Davy, Smith, Elder and Co., London, 1839-40. * Co 
We know nothing of the true elements belonging to nature; Quotation is from Vol. IV, “Elements of Chemical Philosophy,” sewher 
but as far as we can reason from the relations of the propertiesof — PP; Po Y, p. 163. Geraad 
5 Ibid., p. 40. 9 Ibid., p. 168. not to 1 

6 Gregory, in his biography of Davy, uses this phrase for the 10 Tbid., p. 160. "Wa 


title of Chap. 4, pp. 58-72. 1" [bid., p. 73. (Paris) 
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“Qn the decomposition of the fixed alkalis.” This ex- 
periment was carried out in Davy’s presence in 1799. 
It consisted of the union of copper and sulfur in such a 
way as to collect any gases given off. Both hydrogen 
sulfide and sulfur dioxide were produced. Davy as- 
sumed that the hydrogen had been a part of the sulfur, 
and the oxygen for the sulfur dioxide he assumed to 
have been a part of some copper oxide originally present 
as impurity. Davy later conducted some very similar 
experiments on the combination of potassium and sulfur, 
and from this reaction also was able to collect some hy- 
drogen sulfide."! 

Berthollet, jun., whom Davy referred to, was the 
young son of the more famous Claude Louis Berthollet. 
As a result of some experiments involving the reaction 
between charcoal and sulfur, Berthollet concluded that 
hydrogen must be a constituent of both the sulfur and 
the charcoal. The memoir describing this work was re- 
viewed at considerable length in the Annales de chimie'” 
and reported on favorably by MM. Fourcroy, Deyeux, 
and Vauquelin, a very competent trio. 

In addition to these experiments referred to by Davy, 
there was another investigator reporting hydrogen as a 
constituent of sulfur. This was F. R. Curaudau, whose 
first paper on this topic, “Sulfur and its decomposi- 
tion,” appeared in the Annales de chimie'* at about the 
same time. 

Curaudau introduced into an iron tube.four parts of 
animal charcoal and two parts of potassium sulfate and 
heated strongly. The properties of the products were 
such as to indicate to Curaudau that sulfur was com- 
posed of carbon and hydrogen. At the end of his paper 
he also promised to reveal soon the elements of phos- 
phorus and iron and something about the alkali metals. 

The editors of the Annales apparently felt some 
reservations about the validity of Curaudau’s work, for 
they inserted a note at the end of the paper stating that 
neither the experiments nor the conclusions were 
guaranteed by the editors. Their reason for publishing 
the paper in spite of their reservations was that it dealt 
with a problem currently of much concern to the chem- 
ists of Europe. The memoir was also submitted to the 
chemical section of the Institute of France for criticism 
and review. The report was made by MM. Vauquelin 
and C, L. Berthollet and appeared in the same volume 
of the Annales.'4 The critics conclude that, 


... the facts which he presented do not give anything like the 
decomposition of sulfur, or of its composition by the combination 
of hydrogen and carbon, and all the products of this operation are 
explained by the known nature of the substance mixed in the re- 
action. 


2 Fourcroy, A. F., N. Deveux, anp L. N. VAUQUELIN, Ann. 
| chim. (Paris), 61, 127 (1807). 

18 Curaupau, F. R., Ann. chim. (Paris), 67, 72 (1808). Davy 
nowhere refers to the work of Curaudau, though he generally was 
aware of the contents of the Annales. In view of the nature of 
Curaudau’s efforts, as described below, Davy may have preferred 
not to mention them. 

' Vauquetin, L. N., anp C. L. Ann. chim. 


(Paris), 67, 151 (1808). 


If M. Curaudau proposes to present to the class of mathemati- 
cal and physical science the experiments which he announced at 
the end of his memoir, that he would make known the elements 
of phosphorus and iron, we invite him to avail himself of the 
regular methods of the physical sciences. 


Undaunted, Curaudau did submit the promised 
memoir which, however, was not printed. It was re- 
ported on to the chemical section of the Institute by 
M. Deyeux."* 

In this memoir Curaudau reported the production of 
phosphorus-containing compounds without using any 
materials which had phosphorus in them. Curaudau’s 
experiments were repeated in his presence and tests 
were made on the purity of his starting materials. As 
a result of the latter, it was found that the animal char- 
coal he had been using contained 40 per cent calcium 
phosphate plus a little phosphate of iron! In conclu- 
sion, M. Deyeux in his report stated, 


After what has taken place, we may presume that M. Curaudau 
who recognizes his error, will no more attempt to return to the 
very difficult questions which he believed he had treated with suc- 
cess; but in any case, we invite him to employ greater rigor in the 
researches which he wishes to submit to the judgment of the 
class." 


This severe criticism of Curaudau’s sloppy and care- 
less work was well justified, but it is significant that the 
editors of the Annales were willing to use so much of 
their space to the discussion of it, and that the critics 
were willing to spend so much time and effort to show 
that his work was poor. No effort was made by the 
critics to belittle the idea that sulfur, phosphorus, or 
any other such materials might prove to be compound. 
The question of what materials were elementary was 
obviously still an open one, but too difficult for M. 
Curaudau to be attempting to answer. 

As late as 1812, Davy was still expressing his uncer- 
tainty in the following. 


The term element is used as synonomous with undecompounded 
body; but in modern chemistry its application is limited to the 
results of experiments. The improvements taking place in the 
methods of examining bodies, are constantly changing the dpin- 
ions of chemists with respect to their nature, and there is no 
reason to suppose that any real indestructible principle has been 
yet discovered. Matter may ultimately be found to be the same 
in essence, differing only in the arrangements of its particles; or 
two or three simple substances may produce all the varieties of 
compound bodies. The results of our operations must be con- 
sidered as offering at best approximations only to the true 
knowledge of things, and should never be exalted as a standard 
to estimate the resources of nature.'® 


However, this cautious attitude did not prevent him 
from speculating about the ultimate constitution of 
matter. He offered frequent conjectures on this subject 
in his writings of the years between 1808 and 1812. 
The most elaborate of these appeared near the end of 
his ‘Elements of Chemical Philosophy.” 


% Tbid., p. 163. 

16 DeyEux, N., Ann. chim. (Paris), 68, 94 (1808). 
1 Tbid., p. 104. 

18 Davy, op. cit., Vol. IV, p. 132. 
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’ I have already hinted at the idea that all inflammable matters 
may be similarly constituted, and may contain hydrogen. And 


on this supposition they may be conceived to owe their powers | 


of combining both with oxygen and chlorine to the attractive 
energies of their combined hydrogen.'* 


He then listed several metals and nonmetals suggest- 
ing that each might be considered as composed of an 
unknown basis plus sufficient hydrogen to just account 
for its combination with oxygen. For example, sulfur, 
whose combining weight he took as 30, might be made 
of 24 weight units of an unknown basis and 6 
of hydrogen, the amount of hydrogen equivalent to the 
oxygen needed for the formation of sulfuric acid, SOs. 

Though he continued by giving extensive illustrations 
of this idea, he concluded by cautioning that “‘. . . these 
transient views have been developed merely for the sake 
of pointing out a promising path of inquiry.”’”° 

Much of Davy’s conjecturing was based on analogy 
of behavior of similar substances. His suggestion that 
the alkali metals might contain hydrogen was based on 
the fact that volatile alkali (ammonia) was known to 
contain hydrogen, and thus by analogy the alkali 
metals might also contain it. This of course was pure 
speculation, and he offered no comments concerning 
the nature of the other ingredient. He specifically 


denied, however, that the alkali metals were composed 
of the alkalies (oxides) and hydrogen, a view held for a 
time by Gay-Lussac and Thenard. 

The only direct evidence that undecompounded 
inflammables contained hydrogen was from those ex- 
periments which apparently produced hydrogen from 
sulfur and phosphorus. In spite of its erroneous nature, 


Davy apparently never questioned the experimental 
validity of his own work. As late as 1818, he wrote of 
knowing “that minute portions of phosphoretted hy- 
drogen were separated from phosphorus by voltaic 

The presumed presence of hydrogen in sulfur and 
phosphorus made possible a revival of interest in a 
modified phlogiston theory. Davy himself played 
around with the idea, and while admitting its possi- 
bility, he always preferred the anti-phlogistic explana- 
tion because of “...its beauty and precision, [rather 
than from] a conviction of its permanency and truth.”?? 


19 Tbid., p. 359. 

Ibid., p. 360. 

21 Tbid., Vol. V., p. 370. 
22 Tbid., p. 89. 
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In America, however, Davy’s “discovery” of hydro- 
gen in sulfur and phosphorus was seized upon by two 
eminent chemists as complete vindication of a modified 
phlogiston theory and some effort was made to revive 
it.?8 

Thomas Thomson indicated an awareness of the 
revived idea of hydrogen as a principle of inflammabil- 
ity in a biographical account of Joseph Priestley pub- 
lished in 1813. 


I should not, for my part, be surprised to see some of the opin- 
ions of Dr. Priestley, which was looked upon as most absurd— 
as, for example, that all combustible bodies contain a common 
principle of inflammability—established in a satisfactory man- 
ner.*4 


Also, John Gorham in 1816 when he was installed 
as Erving Professor of Chemistry at Harvard was still 
able to say: 


Hydrogen has been discovered to constitute a part of all bodies, 
except the metals, and should they be proved to contain it, the 
doctrine of phlogiston must be renewed in a demonstrable and 
permanent form.” 


Thus we see that the possibility that hydrogen might 
constitute a part of many or even all the other undecom- 
pounded bodies was very much a part of the chemical 
climate of the time. Against this background, Prout’s 
hypothesis appears as a particularized form of a general 
idea already very much in the air. This analysis of the 
origins of Prout’s hypothesis is not intended to detract 
from Prout’s own originality, for there are two aspects 
of his treatment of the idea which are new. In the form 
finally presented, hydrogen is suggested as the only 
simple substance, a view apparently not seriously con- 
sidered before. Prout, by basing his suggestion on the 
integral values of the atomic weights, not only was 
original, but also turned the idea into the context of the 
atomic theory. Here it proved to be infinitely more 
fruitful than it ever could have been while enmeshed in 
the morass of the metaphysical concept of the element. 


23 These men were Samuel Latham Mitchill of Columbia and 
John Redman Coxe of the University of Pennsylvania. See 
this author’s paper, “‘An attempt in the United States to resolve 
the differences between the oxygen and phlogiston theories,” 
Isis, 46, 327 (1955). 

24 THomson, Tuomas, Annals of Philosophy, 1, 93 (1813). 

% GorHAM, JoHN, New Engl. J. Med. Surg., 6, 13, (1817). 


SYMPOSIUM ON ANCIENT CHEMISTRY BEING PLANNED 


Tue Division of History of Chemistry will hold an all-day symposium on the history of ancient 
chemistry at the fall meeting of the American Chemical Society in Atlantic City. Pre-Columbian, 
Ancient, Near-Eastern, and Ancient European chemical developments will be discussed. The 
chairman of the symposium is Dr. Martin Levey, 229 West Hortter Street, Philadelphia 19, 
Pennsylvania. He is affiliated with Pennsylvania State College at Pottsville. 

Anyone interested in participating in this symposium should direct inquiries to Dr. Levey. 
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Srupents often learn during their second or third 
year of college chemistry that hydrogen bonds are of 
sufficient strength to cause noticeable effects upon cer- 
tain properties of substances. For instance, the rela- 
tively high boiling points of hydroxylic compounds is 
attributed to an association of the liquid molecules by 
means of hydrogen bonds. An extra amount of energy 
is required to separate the liquid molecules from each 
other in vaporization. Although students encounter 
hydrogen bonding two or three times in the elementary 
organic chemistry course, few are aware of the variety 
of physical properties which are affected by hydrogen 
bonds. It is hoped that this paper may provide a 
brief interpretive survey of these various properties and 
thereby serve to emphasize the significance and prev- 
alence of hydrogen bonding. The treatment will be 
confined to the presentation in one discussion of in- 
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we formation hitherto scattered in the literature. The 

atid reader should consult other references! for discussions 

of the |! the theory and general characteristics of hydrogen 

bonds themselves. 

spects As an introduction and for common understanding, 

form § can be said that hydroxylic and amino compounds 
only associate, primarily in the liquid and solid states. They 

r con- form polymeric aggregates with a pattern, for example, 
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where R represents an alkyl group and n is an indefinite 
tumber. By contrast, a few classes of compounds, 
hotably the carboxylic acids, amides, and oximes, tend 
to form dimers predominantly. 


). 


—C C-—R R.C=N N=CR: 
VA 
O—H---O H—O 
Carboxylic acid dimer Oxime dimer 


Hydrogen bonding may occur between two atoms of 
the same molecule as in o-fluorophenol or in a 6-diketone. 
This intramolecular hydrogen bonding is a form of 


'Fereuson, L. N., “Electron Structures of Organic Mole- 
ules,’ Prentice-Hall, Inc., New York, 1952, p. 52-68. 
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2 HYDROGEN BONDING AND PHYSICAL 
PROPERTIES OF SUBSTANCES 


LLOYD N. FERGUSON 
Howard University, Washington, D. C. 


H 
H 
O F 
/ 4 
CH CoH; 
o-F luorophenol Dibenzoylmethane 


chelation while the intermolecular hydrogen bonding is 
referred to as association. Hydrogen bonds occur only 
when the hydrogen atom is covalently bonded to a 
highly electronegative atom. In such cases, the cova- 
lent bonds have much ionic character with the hydrogen 
atom carrying a formal positive charge. It thus hasa 
coulombic attraction for a negatively-charged atom, 
the hydrogen bond owing its strength to this attraction. 
Normally, the C—H bond is not sufficiently polarized 
to produce a hydrogen bond. Two exceptions are in 
HCN and HCC\;, where the electron distributions in 
the molecules are such as to make carbon quite electro- 
negative. This gives the C—H bonds considerable 
ionic character. The result is that a highly associated 
state for HCN and a feebly associated state for HCCI; 
exists due to the hydrogen bonds. 


TRANSITION TEMPERATURES 


The effect of association upon boiling points is easily 
illustrated. For example, ethyl alcohol, which is 
associated, has a higher boiling point (78°) than its 
functional isomer, dimethyl ether (b. p.= —25°). The 
latter compound cannot form the hydrogen bonds to 
bind ether molecules together. Similarly, methyl and 
ethyl esters of carboxylic acids boil at lower tempera- 
tures than the respective carboxylic acids, in spite of 
the fact that the esters have the larger molecular weights. 
In this case, the acids are associated, while the esters 
are monomeric and vaporize more easily. For the 
same reasons, propylenimine boils at a higher tempera- 
ture than its isomer, N-methylethylenimine, because 
the molecules of the former compound are associated 
through N—H---N bonds. 

CH; 
CH.—CH CH:.—CH; 


| | 
H CH; 


Propylenimine, b. p. = 67° N-Methylethylenimine, b. p. = 27° 


Chelation has just the opposite effect upon transition 
temperatures. For example, nitration of a substance 
usually brings about an elevation in its boiling point, 


7 
| 


but the nitration of resorcinol in the 2 position, and of 
catechol in the 3 position actually lowers their boiling 
points.” 
structures. 


O 


| | 
No 


2-Nitroresorcinol 3-Nitrocatechol 


The sublimation temperatures of chelated compounds 
are usually lower than those of associated compounds 
and this often permits their separation. For example, 
4(7)-nitrobenzimidazole sublimes at atmospheric pres- 
sure whereas its isomer, 5(6)-nitrobenzimidazole, does 
not.? The 4(7) isomer is chelated and therefore is less 
associated than the 5(6) isomer which cannot chelate. 
Cryoscopic measurements also verify that the 4(7) iso- 
mer js less associated in solution. 


H O H 
| 
AY 
cH 0” 
N N 
4(7 )-Nitrobenzimidazole 5(6)-Nitrobenzimidazole 


VAPOR PRESSURES 


At low pressures, a normal vapor will obey fairly 
closely the ideal gas law, PV = nRT, where n is the 
number of moles of gas present. However, when a 
substance is associated, there are fewer independent 
molecules present and the vapor pressure or the vapor 
density is altered. Quantitative measurements of as- 
sociation can be made by determining the deviation 
from perfect-gas behavior. Many such studies have 
been made,‘ particularly for carboxylic acid vapors 


2? Hunter, L., Report of a Symposium on The Hydrogen 
Bond, The Royal Institute of Chemistry, London, 1949, p. 1. 

3 Rasinowi7z, J. L., anp E. C. Waaner, J. Am. Chem. Soc., 
73, 3030 (1951). 

4Taytor, M. D., er axu., J. Am. Chem. Soc., 74, 4151 (1952). 
L. K. Nasu, Et Au., J. Am. Chem. Soc., 74, 4654 (1952). 


These decreases are due to their chelated ’ 
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where practically only monomeric and dimeric species 
are present at low pressures. The data permit a de 
termination of the dimer-monomer equilibrium con- 
stants as well as an evaluation of the energy and en- 
tropy of association. 


WATER SOLUBILITY 


Reciprocal hydrogen bonding between the OH group 
of hydroxylic compounds and water makes the hydrox- 
ylic substances tend to dissolve in water. As long asa 
compound has a large ratio of OH groups to hydrocar. 
bon groups, it will have a significant solubility in water, 
Thus, sugars and certain starches are very soluble in 
water, and even polyvinyl alcohol, a polymer of reason- 
ably large molecular weight, 


H H H 
bu on on bn 


is quite soluble in water. Too, the success of nonionic 
detergents is due to the powerful solubilizing effect of 
hydroxyl groups. They are usually derivatives of di- 
and triethanolamines or of the condensation products 
of ethylene oxide with alcohols or phenols. Unlike the 
cationic or anionic “soaps,’’ where the water-soluble 
portions of the molecules are ionic, the water-soluble 
portions of the nonionics contain neutral hydroxy] and 
amino groups which dissolve in water primarily as a 
result of hydrogen bonding. 

Liquid ethers and esters, of course, are nonassociated 
which makes them have much lower boiling points than 
their isomeric alcohols and acids. Water may form 
hydrogen bonds with ethers and esters but ethers and 
esters do not have groups for also forming hydrogen 
bonds with water. The lack of co-association of these 
classes of compounds with water may or may not have 
a significant effect upon their water solubilities (Tables 
land 2). In the case of the ethers, the one-way hydr- 
gen bonding is sufficient to give dialkylethers and 4l- 
cohols comparable water solubilities, but not so for the 
esters and acids. The failure to co-associate with water 
causes the esters to have much lower water solubilities 
than their isomeric acids. 

It will be noted that if the OH group of an hydroxylic 
compound is tied up by chelation, association with water 
is hindered and the water solubility then approaches 
that of a similar compound which lacks the OH group. 
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TABLE 1 
Boiling Points and Water Solubilities at Room Temperature of Some Isomeric Alcohols and Ethers* 
Alcohol Ether 

Empirical — “ — A — 
formula B.p. (°C.) Solubility, % B. p. (°C.) Solubility, % 
CHO n-Butyl 118 9 Diethyl 35 7.5 
C;H,.O n-Pentyl 138 2.7 Ethyl n-propyl 62-3 sl. s. 
n-Hexyl 157 0.6 Di-n-propyt 91 
Isohexyl 158 v.sl.s iisopro’ 69 0.2 

Isohexyl 158 v. sl. s it propyl 83 0.5 

CsHis0 n-Octyl 195 sl. s Di-n-bu 142 0.05 


From Lanes, N. A., ‘Handbook of Chemistry,” 6th ed., Handbook Sandusky, Ohio, 1946. 
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One practical application of this contrasting effect of 
chelation and association upon physical properties is 
made in the separation by steam distillation of a mix- 
ture of ortho and para oxy- or amino-carbony! or nitro 
compounds. In the case of the ortho isomers, associa- 
tion of the OH group with water molecules is diminished 
owing to its chelation with the adjacent carbonyl] or 


group H O 0_O 
ydrox- YH. 
ng as a "N 
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nitro groups. Consequently, the ortho isomers are 
only sparingly water soluble and are much more vola- 
tile than the para isomers. As a combined result of de- 
creased water solubilities and increased vapor pressures 
the ortho isomers can be distilled so much more rapidly 
than the para isomers that a practical separation of two 


onionic 
fect off isomers may be made. 
. of d-@ An easy method of differentiating between chelated 


and associated compounds consists of determining the 
differences in melting points of a substance when dry 
and when in contact with water.’ The depression in 
melting point when wet is much smaller for chelated 
than for associated compounds. : 


IONIZATION OF CARBOXYLIC ACIDS 


When the anion of an acid is stabilized by intramolec- 
ular hydrogen bonding, there is a marked increase in 
the dissociation of the acid.? For illustration, the ioni- 
zation constants (X 10°) for the isomeric hydroxy- and 
methoxybenzoic acids in water are: 


Ortho Meta Para 

acid 105 8.3 2.9 

Methoxybenzoic acid 8.1 8.2 3.4 
Itis apparent that the o-hydroxy isomer has an abnor- 
mally large dissociation. It is the only acid in this group 
whose anion has a structure which is stabilized by chela- 
tion. Its dissociation is 17 times that of benzoic acid, 
while that of 2,6’-dihydroxybenzoic acid is 800 times as 
large, owing to an even greater stabilization by hydro- 
gen bonding. For the same reason, the ratio of the 
first to the second ionization constants of dicarboxylic 
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FERGUSON, op. cit., p. 66. 


O O_O 
| 
| 6 | 6 
War 
Salicylate ion 2,6’-Dihydroxybenzoate ion 


acids may differ greatly for two geometric isomers.* 
Thus, the ratio K;/K2 is 23.2 for fumaric acid and 20,200 


O H C 


HO 
af 
Fumarate ion Maleate ion 


for maleic acid. 'The COO~ group of the fumarate ion 
has only a mild electrostatic effect on the dissociation of 
the second COOH group. By contrast the maleate ion 
is greatly stabilized by hydrogen bonding. This im- 
pedes the dissociation of the second proton and gives a 
large K,/Ke ratio. 


STEREOISOMERISM 


Hydrogen bonding may be a strong factor in deter- 
mining the spatial configuration of a molecule or in 
hindering isomerization. For example, the trans con- 
figuration of indigo is stabilized by hydrogen bonds to 


trans-Indigo 


the extent that the czs isomer is essentially absent under 
normal conditions. In fact, the trans compound even 
resists photochemical isomerization to the cis isomer.’ 
On the other hand, in the sulfur analogue, the 

6 McDanieE1., D. H., anp H. C. Brown, Science, 118, 370 (1953). 


7 Brope, W. R., E. G. Pearson, anp G. M. Wyman, J. 
Am. Chem. Soc., 76, 1034 (1954). 


TABLE 2 
Boiling Points and Water Solubilities at Room Temperature of Some Isomeric Acids and Esters* 
Acid Ester 

Empirical A “ ~ 
formula Solubility, % B. p. (°C.) Solubility, % 
C.H,O- Acetic 118 Methyl formate 32 30 
C;H,02 Propionic 141 © Methy] acetate 57 33 
C;H,O2 Propionic 141 Ethyl] formate 54 11 
C,H;02 n-Butyric 168 © n-Propy] formate 81 2.2 
n-Butyric 168 Ethyl] acetate 77 9 
C,H;02 n-Butyric 168 © Methy] propionate 80 0.5 


* From Lanes, N. A., “Handbook of Chemistry,” 6th ed., Handbook Publishers, Inc., Sandusky, Ohio, 1946. 
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N—H—-S bonds are so weak that the trans thioindigo 


dyes readily undergo isomerization and, in solution, the 


two forms appear to exist in equilibrium.’ 

In a different case, Pauling, Corey, and Branson in- 
vestigated the configuration of the peptide chains of 
fibrous proteins and postulated that their configuration 
should be one that permits good hydrogen bonding.’ 
Based on this and other factors, their proposed struc- 
ture, known as the a-helix, is generally accepted now as 
being correct.” In this structure, each N—H bond of 
the peptide group forms an N—H-—-O bond with the 
near-by carbonyl oxygen atom on the next turn of the 
helix. 


ADSORPTION 


Hydrogen bonding is a very important factor in the 
process of dyeing textiles. A striking illustration can 
be given as follows:"' A piece of cloth of pure cellulose 
and another of cellulose acetate are placed in a dyebath 
containing Chlorazol Sky Blue FFS (a blue, water- 
soluble azo dye) and Dispersol Yellow 3G (a yellow, 
water-insoluble azo dye). When the fabrics are with- 
drawn, that of cellulose will be pure blue and the cellu- 
lose acetate cloth will be pure yellow. What has hap- 
pened is that each fabric selectively adsorbed very 
strongly that dye which can be held by the fabric mole- 
cules. The water-soluble dye has several hydrogen- 
bonding groups in it which form hydrogen bonds with 
the OH groups of the cellulose. The dye is thereby 
firmly attached. Most of the OH groups of cellulose 
are covered by acetyl! radicals in cellulose acetate and 
as a consequence this fabric has the characteristics of 
anester. It then adsorbs dyes that tend to be insoluble 
in water but soluble in esters and ketones. The affinity 
of fabrics for such dyes is no longer due to the possibil- 
ity of hydrogen bonding but is due to other types of 
forces such as weak dipole-dipole and van der Waals 
forces. 


INFRARED SPECTRA 


The infrared spectra of hydroxylic and amino com- 
pounds are markedly affected by hydrogen bonding. 
Infrared spectroscopy is a very powerful and popular 
tool for studying hydrogen bonding because it is capable 
of detecting a very weak association and can be used 
for gases, liquids, and solids.'? The associated and 
nonassociated states of a substance give rise to absorp- 
tion bands of slightly different frequencies whose in- 
tensities depend upon the relative amounts of the mono- 
meric and polymeric species present.1* By employing 
the usual techniques of spectrophotometry, quantitative 


8 Wyman, G. M., ano W. R. Bropg, J. Am. Chem. Soc., 
73, 1487 (1951). 

® Pautine, L., R. B. Corry, anp H. R. Branson, Proc. Nat. 
Acad. Sci. U. 8., 37, 205 (1951). 

1 Crick, F. H. C., Science Progr., 42, 205 (1954). 

1 ALBERT, A., “Selective Toxicity,’’ John Wiley & Sons, Inc., 
New York, 1951, p. 21. 

12 FERGUSON, op. cit. p. 251-68. 

13 Smitu, F. A., AND E. C. Crerrz, J. Research Nat. Bur. Stand- 
ards, 46 (2), 145 (1951). 
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and structural analyses can be made. In this fashion, 
for instance, the dimer-monomer equilibrium constants 
for several carboxylic acids in solution have been deter. 
mined, the heat of chelation of o-methoxybenzoic acid 
in solution has been measured," and correlations be- 
tween hydrogen bond distances and infrared absorption 
frequencies have been drawn" ” to provide empirical 
evidence for proposed organic structures.'*: 

It has also been found that steric factors within the 
molecule may affect the state of aggregation of a sub- 
stance. With increasing size of the atomic grouping 
about the OH group of an alcohol or phenol there is 
built up a shielding effect so that the close approach oi 
other OH groups belonging to other molecules is hin- 
dered. Association is thereby diminished. For exan- 
ple, most simple liquid alcohols exist in the monomeric, 
dimeric, and polymeric states, but diisopropyl-ethylcar- 
binol is monomeric and dimeric only, while di-ert- 
butyl-isopropylearbinol is only monomeric. Similarly, 


CH;—CH.:—CH—CH:—CH; 


H 


3-Pentanol 
(monomeric, dimeric and 
polymeric) 


CH; 


CH. 


H 
Diisopropyl-ethylcarbinol 


Isopropy]-di-t-butylcarbinol 
(monomeric and dimeric only) 


(monomeric only) 


association beyond the dimer state is negligible for 
phenols containing one large ortho group, and does not 
occur when there are two large ortho groups as in 2,6- 
di-t-octylphenol. 


MISCELLANEOUS PROPERTIES 


In addition to those discussed above, a number of 
other properties are affected by hydrogen bonding: 
for example, color, heat of mixing,” dipole moment,” 


14 Harris, J. T., Jk., AND M. E. Hoss, J. Am. Chem. Soc., 76, 
1419 (1954). 

1 Davigs, M., anv D. M. L. Grirritus, J. Chem. Soc., 1955, 
132. 

16 Kumn, L. P., J. Am. Chem. Soc., 74, 2492 (1952). 

1” Nakamoto, K., M. MARGOSHES, AND R. E. J. Am. 
Chem. Soc., '77, 6480 (1955). 

18 Kwart, H., anp W. G. Vosspurcu, J. Am. Chem. Sov., 76 
5400 (1954). 

19 KUHN, op. cit., 76, 4325 (1954). 

20 AupRIETH, L. F., AND R. STernMAN, J. Am. Chem. Soc., 8; 
2115 (1941); M. J. Coptey, C. S. MarvEt, Ef J. Am. (hem. 
Soc., 62, 3263 (1940) and earlier papers. 

21 Hosss, M. E., er au., J. Am. Chem. Soc., 76, 206 (1954); 
ibid., 73, 2151 (1951). C. H. Gruxs, T. J. Ross, anp D. 6. 
Vauuance, J. Chem. Soc., 1952, 3799. M. T. Roars, Ev Al» 
J. Am. Chem. Soc., 76, 4842 (1954). A. R. Martin, Report of4 
Symposium on The Hydrogen Bond, The Royal Institute o! 
Chemistry, London, 1949, p. 21. 
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refractive index,?* and heat capacity. A few additional 
remarks will be made about some of these. The heat 
apacity of a vapor is very sensitive to the concentra- 
ions of the molecular species present and this property 
as been the most sensitive tool for detecting hydrogen 
bonding in the vapor state.?* For instance, the strong- 
est evidence for the association of gaseous alcohol mole- 
cules is provided by heat capacity measurements.4 

Intermolecular hydrogen bonding has only minor 
effecis upon absorption of light in the near ultraviolet 
or visible regions of the spectrum, but chelation pro- 
duces marked visible changes in color.* For instance, 
bis-(salicylal)-ethylenediamine is bright yellow, while 
its methyl ether is pure white and bis-(p-hydroxy- 
benzal) ethylenediamine is a very pale yellow. 


H H 
\ 


H CH:—CH; H 
O 
CH; CH; 


Bis-(o-methoxybenzal)-ethylenediamine 


2 Gites, C. H., et Au., J. Chem. Soc., 1955, 67. 

*% WELTNER, W., JR., J. Am. Chem. Soc., 77, 3941 (1955). 

* WeLTNER, W., Jr., AND K. S. Pirrzer, J. Am. Chem. Soc., 
73, 2606 (1951). J. D. Lampert, Et Au., Trans. Faraday Soc., 
37, 421 (1941). 

% Fercuson, L. N., anD I. Keuty, J. Am. Chem. Soc., 73, 3707 
(1951). 


A Chem-Gem: 


six-molar solution of calcium sexidentate. 


places. 


followed by a rapid expansion. 


those electrons away from me.” 


HYDROPHOBIC ACID is a rare compound found in small quantities in steak. 
detected in a sample of toothpaste, indicating its presence by dissolving the rear teeth, forming a 


Hydrophobic acid dissociates readily into hydrogen ions and phobate ions, POBO;~. 
tion of the ion with acrolein forms acrophobia, a compound which tends to jump off of high 
Reaction of the phobate ion with the philate ion, PHILaO;~, causes a violent reaction. 
Standback and Duck’ state that the report of this reaction caused a big boom in their business 
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H 


H 
Ho-<_>—¢ b< 
\N—CH;—CH;—NY 


Bis-(p-hydroxybenzal )-ethylenediamine 


Hydrogen bonding plays an important role in bio- 
logical systems, too. One example is the ability of 
living cells in plants and animals to retain such a large 
quantity of water. Even as much as 50 per cent of 
their weight is thus accounted for. Hydrogen bonding 
is largely responsible for this. 


SUMMARY 


From the above discussion, it is observed that hydro- 
gen bonding has a profound effect upon a wide variety 
of physical properties of substances. Discussed here 
were alterations in such properties as transition tem- 
peratures, vapor pressures, water solubilities, ionization 
constants of carboxylic acids, stereoisomerism, wet- 
melting point depressions, adsorption affinities, infrared 
spectra, color, and heat capacity. In time, other 
effects will be found, probably in connection with cer- 
tain types of complexes. In recent years, hydrogen 
bonding has been the ‘subject of considerable interest. 
A great amount of quantitative data is being accumu- 
lated which will allow more accurate correlations to be 
made. Regardless of the fact that hydrogen bonds 
are relatively weak compared to typical covalent and 
ionic bonds, they do have very pronounced effects upon 
the properties of compounds. In some cases, notably 
the action of nonionic detergents or the dyeing of fab- 
rics, they are the key factors in establishing commercial 
processes. 


% Jarré, H. H., L. D. Freeman, anp G. O. Doak, J. Am. 
Chem. Soc., 76, 1548 (1954). 


Hydrophobic Acid 


It was originally 


Chela- 


Over and Dover? report the isolation of 0.001 gram of hydrophobic acid by extraction of 
50,001 pancakes with maple syrup. This was later, however, identified as krypton uranyl 
deuteride, KrUD. Dover, who devoted 30 years of his scientific life to this extraction, still 
stoutly maintains that he obtained hydrophobic acid. 


“I’m positive,” he shouted. ‘Keep 


Hydrophobic acid has only one application to physical chemistry, a plot of revolution against 
the government giving a solution which remains hanging. 


1 J. Bull. Chem. Soc., 38, 470, 8972 (1952). 


2J. Ch. Ph.D. Th. Pl. Gx. Etc., 482, 2 (1631). 


—Contribution of NaNcy BuTTERFIELD, Secretary, Iowa State College Siudent Affiliates 


H 
Bis-(salicylal)-ethylenediamine 
OH; 


THE HEAT OF SUBLIMATION OF CARBON 


Ranety has an important constant resisted accurate 
evaluation as successfully as the sublimation energy of 
carbon. In the last 40 years estimates of this elusive 
quantity have ranged from 70 to over 200 kcal. per 
gram atom. Since 1948 work on the problem has been 
especially active. New data have been appearing 
thick and fast in the journals, new techniques have been 
introduced, and it appears that at long last the problem 
is approaching its final solution. In this article the 
experimental methods employed, together with the 
attendant difficulties, are briefly described and the 
course of the investigations is traced over the last 25 
years with particular emphasis on the latest develop- 
ments. 

A special interest is attached to the determination of 
the sublimation heat of carbon because of its relevance 
to structural theories in organic chemistry. Any theory 
of structure must account in the first place for the 
strength of chemical bonds. In organic chemistry, 
this means primarily the strength of bonds involving 
the carbon atom. The combined energies of the bonds 
in a compound can be defined as the energy required to 
break up the molecule into the constituent gaseous 
atoms; that is, it is numerically equal to the heat of 
formation from the gaseous atoms. The heat of forma- 
tion from the elements in their standard states is readily 
obtainable from heats of combustion and other thermo- 
metric data. The missing link is the heat involved in 
converting the element from its standard state to the 
gaseous atom. For elements like oxygen and hydrogen 
this is given by the dissociation energy of the diatomic 
molecules. For carbon, it is given by the sublimation 
energy of graphite to the monatomic gas. 

There are two main paths by which the determination 
of the heat sublimation of carbon may be approached. 
They are (1) vapor-pressure measurements over 
graphite at high temperatures and (2) measurement of 
dissociation energies of simple gas molecules containing 
C, like CO, C2H2, C2Ne, etc. The results of both of 
these methods are open to various interpretations, so 
that there is still no universally accepted value. 


THE HEAT OF SUBLIMATION FROM VAPOR 
PRESSURES 

The conventional way to determine heats of sublima- 
tion is by the measurement of vapor pressure. Accord- 
ing to the familiar Clausius-Clapeyron equation, 


din P AH, 
d(1/T) R 


A plot of In P against 1/7 gives a line with slope propor- 
tional to the heat of sublimation, AH,, at the experimen- 
tal temperature. 


DAVID M. KERN 
Dartmouth College, Hanover, New Hampshire 


Preferable to this is the so-called third law relation, 
by which a single vapor-pressure measurement js 
sufficient to calculate the heat of sublimation at absolute 
zero, denoted by the symbol AH%. (It is this heat 
which is significant in bond energy calculations. 4s 
it differs from the value at the experimental temper- 
tures (2500°K.) by only a kilocalorie or so, the distinc. 
tion can be neglected; in later sections both heats will 
be designated by the symbol L.) The third law relation 
can be applied only if values of the function (F° - 
H;)/T are available for both the solid and its vapor at 
the temperature of the experiment. The functions hay 
been estimated for many substances, for solids fron 
heat-capacity data, and for gases by the methods o 
statistical thermodynamics. Fortunately these func- 
tions vary slowly with temperature and accurate 
extrapolations can be made over hundreds of degrees 
They have been tabulated for graphite, and for the 
gaseous carbon species C;, Cs, and C3. 

Employing the well known equality AF° = — RT In 
P for the free energy of sublimation, we find 
-( 

where F° is the free energy at unit activity, H; 
heat content at absolute zero, and P the equilibrium 
vapor pressure at the temperature 7 of the experiment. 
The only unknown in this equation is AH;, the stander 
heat of sublimation at absolute zero. 

The determination of the vapor pressures of highly 
nonvolatile substances is not easy. Thus it is necessary 
to go to very high temperatures (2400°-2800°K.) 
to obtain an accurately measurable vapor pressure 
over graphite, and even then it is only of the order of 
10~’ atmospheres. Two techniques commonly en- 
ployed in this type of work are the Langmuir or evapo- 
ration-rate method, and the effusion-cell or equilibrium 
method. These will be discussed in the following sec- 
tion. 

The Evaporation-rate Method. When a substance is 
at equilibrium with its vapor, the rates of condensatiol 
and evaporation must necessarily be equal. The rate of 
condensation of a gas is related to its pressure by al 
equation (see below) derived from the kinetic molecular 
gas theory. An identical equation must accordingly 
relate the evaporation rate and the equilibrium vapo! 
pressure. 

In the Langmuir method, the solid is heated in 4 
vacuum so complete that an atom, once evaporated, has 
a negligible chance of recondensing. The solid-vapo! 


1 For a discussion of the functions described in this paragraph, 
see MarGRAVE, JOHN L., J. Cuem. Epuc., 32, 520 (1955). 
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reaction is thus entirely unidirectional; its rate is 
determined by the rate of evaporation alone, which can 
be calculated directly from the rate of weight loss of the 
sample. The evaporation rate is a constant at a 
given temperature, unaffected by a departure from 
equilibrium conditions. Hence the rate measured 
in vacuo is the same as the rate at equilibrium and can 
be used to calculate the equilibrium vapor pressure. 

The combined weight of the gas molecules which 
collide with or pass through unit area in unit time can be 
derived from kinetic theory and is given by PV M/2z- 
RT. It is not a priori certain that all gas molecules 
colliding with the surface of the corresponding solid 
actually stick. A so-called sticking or accommodation 
coefficient a is therefore introduced when the above 
expression is applied to the condensation rate. We 
have 

rate of condensation (g./sec.) = re = aAPW/M/2xRT (2) 


and 
rate of evaporation (g./sec.) = rep = aAPegWM/2xRT (3) 


where A is the surface area of the sample. 

Evidently a must be known if P., is to be calculated 
from the evaporation rate. In most evaporations it is 
taken as unity. A coefficient less than one can be 
interpreted as being due to an energy barrier in the 
evaporation-condensation process. In fact it can be 
shown that a ~ exp(—AH*/RT), where AH* is the 
height of the barrier. Condensation processes in which 
the gas species is closely related to the solid species 
would be expected to have no barrier; the gas molecules 
or atoms can simply “fall into place’’ on the solid 
surface. Thus every molecule that hits condenses, 
and a = 1, 

If the condensation requires the formation of high- 
energy intermediate states, as might happen, for in- 
stance, if the gas species were quite different from the 
solid species, a barrier would be predicted. Thus red 
phosphorus shows a very slow rate of condensation in 
relation to its equilibrium vapor pressure, because the 
gaseous P, molecules must be rearranged to form the P» 
molecules of the solid phase. For red phosphorus 
ais about 10~-*, indicating that only one millionth of 
the atoms hitting the surface have sufficient energy to 
surmount the barrier.2 It will be shown below that 
the value of @ in the carbon vapor equilibrium has 
been a major bone of contention between workers in the 
field. Suggested values vary from 1 to 10-*. From 
equation (3) it is seen that proponents of a small value 
would obtain high vapor pressures from their experi- 
ments, corresponding to small heats of vaporization, 
while the assumption a = 1 would yield a large heat of 
vaporization. 

The Equilibrium Method. The sample is heated in a 
closed container called a Knudsen cell so that the 

* Metvitte, H. W., anv S. C. Gray, Trans. Faraday Soc., 
32, 1026 (1936). An excellent discussion of the accommodation 
coefficient is given by Leo Brewer anp James S. Kang, J. 
Phys, Chem., 59, 105 (1955). 
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equilibrium pressure can build up, and the vapor is 
allowed to leak into vacuum through a small orifice 
in the cell wall. It follows from the theory discussed 
above that 


rate of effusion = reyy = aP>\/M/2eRT (4) 


where a is the area of the orifice. This method avoids 
the uncertainty introduced by the accommodation 
coefficient a in equation (2), for if the orifice is properly 
designed all gas molecules entering it will pass through. 
The question remains whether the pressure so measured 
is the true equilibrium pressure, for the leakage of 
vapor may be enough to prevent the equilibrium pres- 
sure from ever building up. 

The flux balance in the effusion cell is represented by 
the equation 


evaporation rate = condensation rate + effusion rate 


Ter = Te + Tess (5) 


The condition for solid-vapor equilibrium, and hence 
for P = P., in equation (4), is that rn = r.. To the 
extent that ry, disturbs this equality the pressure — 
mined from the effusion rate will be less than the equilib- 
rium pressure. The importance of ry relative to r. 
in equation (5) is thus the critical factor. Comparison 
of equations (2) and (4) shows the ratio ry/r. is given 
by a/Aa or o/a, where a is the ratio of orifice size to the 
area of the sample: 


(6) 


The condition that P = P., is satisfied if ¢/a < 1. 
In other words, if the effusion rate is to be a measure of 
the equilibrium pressure, the limitation on orifice size 
is the more stringent the smaller the value of a. The 
restriction that a places on o can be explained alterna- 
tively as follows. It has been shown that a small 
a corresponds to an energy barrier in the evaporation 
process, 7. e., to a sluggish evaporation-condensation 
equilibrium. Such a sluggish system will be much less 
able to withstand the constant draining away of vapor 
by effusion, than will a highly resilient system with 
a = 1. Hence the necessity for smaller orifices for 
systems with small a. Measurements with too large an 
orifice will yield vapor pressures less than the equilib- 
rium value, corresponding to an erroneously high heat 
of sublimation. 

The above discussion shows that the value of the 
accommodation coefficient is a key to the interpreta- 
tion of both evaporation and effusion experiments. 
In both cases high heats of sublimation are associated 
with the assumption that a = 1, and low heats with 
a < 1 (energy barrier). 

_ The Problem of Vapor Composition. A tacit assump- 
tion underlying both evaporation and equilibrium 
methods is that the vapor consists of one molecular 
species only. Different species, as for example P, and 
P, in the phosphorus case, will normally have different 
sublimation energies associated with them. Measure- 
ments made under conditions such that two or more 
species exist in the vapor may give rise to erroneous 


o=a/A 


« 
7A 
| 
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interpretations, especially if the energy sought is for 
sublimation to a species which is relatively rare under 


the conditions of the experiment. As regards carbon, 


the sublimation energy which is of interest for bond- 
energy calculations is to the simple carbon atom Cy. 
But other species such as C2 and C; are known to exist. 
In evaporation- and effusion-rate experiments it is 
essential to know what fraction of the evaporating or 
effusing material is in the form of the species of interest, 
so that the experimental rates substituted in equations 
(3) and (4) can be corrected accordingly. This frac- 
tion will not be the same for the two types of experi- 
ments if the species have different accommodation 
coefficients. In that case the evaporation rates (equa- 
tion (3)) will not be in the same ratio as the equilibrium 
partial vapor pressures, whereas the effusion rates will 
(neglecting the difference in molecular weight). In 
short, the vapor coming off during an evaporation- 
rate experiment may have a composition entirely 
different from that leaving an effusion cell, just as the 
products of an organic reaction as determined by the 
rates of competing reactions may be entirely different 
from those prevailing in the equilibrium mixture. 


THE HEAT OF SUBLIMATION FROM DISSOCIATION 
ENERGIES 


The manner in which the sublimation energy of 
carbon is related to the dissociation energy of simple 
carbon compounds is illustrated below with the example 
of carbon monoxide. The subsequent discussion will 
be restricted almost entirely to this molecule, since it is 
the only one which has yielded definite results, and 
these have proved of utmost significance. 


Reaction Energy absorbed 
(A) CO = Cig) +0 Deo 
(B) C(s) + 1/,02 = CO AH; 
(C) 0; = Do, 
(D) C(s) = C(g) L 
(D) = (A) + (B) — 1/2(C) L = Deo + AH; — 1/2 Do, 


Both AH; and Do, are known with great accuracy. 
The dissociation energy of CO is all that is needed to 
obtain L. 

Dissociation energies of diatomic molecules are 
commonly derived from their absorption spectra. 
These will generally exhibit series of bands whose 
spacing diminishes in a regular fashion until they merge 
completely at a so-called convergence limit, which 
corresponds to the dissociation energy of the molecule. 
Unfortunately it is often impossible to observe the lines 
accurately in the neighborhood of the convergence 
limit, which has to be estimated by an empirical 
extrapolation. Carbon monoxide exhibits several con- 
vergent series corresponding to dissociations originat- 
ing from different energy states of the molecule. In 
particular, the series originating from the ground state 
which would give a direct measure of the dissociation 
to the unexcited atoms can be traced for only a short 
distance, so that the extrapolation to the convergence 
limit is extremely uncertain. There exists another 
series, originating from a level above the ground state, 
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for which the extrapolation is exact but it is impossible 
to decide conclusively for this particular dissociation 
whether the C and O produced are in their ground states 
or in any of several possible excited states. The 
dissociation energy calculated for this limit must then be 
corrected downward by an amount corresponding to the 
degree of excitation of the products. The energies 
of the various excited states of C and O are known from 
the atomic spectra. There are good arguments for 
eliminating all but a few of the possible combinations, 
leaving us in the peculiar situation of having three 
(possibly four) alternatives for the dissociation energy 
into the ground state atoms, each of which is known 
quite accuiately, but between which it is difficult to 
choose on the basis of spectroscopic evidence alone. 
Each value has had qualified spectroscopists who prefer 
it over the others. 

The three most likely values, when combined with the 
dissociation energy of O, and the heat of formation of 
CO at absolute zero from O, and graphite, lead to sub- 
limination energies for C of 170.4, 141.1, and 1247 
keal./g. atom.* (Dissociation energies from spectral 
data are calculated from the ground state, so that 
these values refer to the sublimation heat at absolute 
zero.) 

Similar arguments can be made on the basis of 
spectral data from molecules like C.N. and C,H. 
However, since they are more complicated than C0 
and the dissociation into the atoms must involve the 
stepwise breaking of bonds, investigations along these 
lines have been rather inconclusive, even for the 
purpose of distinguishing between the widely separated 
possibilities mentioned above. 

An alternative method of determining Deco is by 
electron impact. The gas is bombarded with electrons 
of gradually increasing energy until at a certain poten- 
tial there is an increase in current corresponding to the 
dissociation of CO into charged atoms. Again, cal- 
culation of the dissociation energy depends on the 
products assumed, whether C+ and O- or C* and O, ete. 
The method has been criticized on the grounds that the 
increase in current which occurs as the dissociation 
potential is reached is not very well defined, so that the 
critical potential cannot be precisely determined.* 

The three possible values of L yielded by the CO 
studies have been known for years. The problem since 
the middle thirties has been to choose between them. 
To this end, evidence has been brought forward from 
innumerable sources, most of it of a highly indirect and 
equivocal nature. Of this evidence, that from vapor- 
pressure measurements of the kind discussed above, 
though often contradictory, has been by far the most 
important, and it is undoubtedly vapor-pressure 
measurements which will bring about the ultimate 
solution. Meanwhile, during the past 20 years each of 
the three alternatives has received enthusiastic support 
from one source or another, and each has enjoyed 4 
period, however brief, of high favor. The remainder of 

Gaypon, A. G., “Dissociation Energies,’ 2nd ed., Chapman 
and Hall, Ltd., London, 1953. 
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this article provides a short account of the vicissitudes 
of the heat of sublimation of carbon from the thirties 
to the present day. The few values for L reported 
prior to the development of molecular spectroscopy 
carry little weight, and will be omitted from the dis- 
cussion. 


THE SEARCH FOR L SINCE 1930 


One of the first critical summaries of the problem was 
given by Herzberg, in a 1937 review article on dissocia- 
tion energies.‘ He came out strongly for 124 kcal. 
on the basis of the available spectroscopic evidence 
for CO dissociation. This result was in conflict with 
the only recent direct determination, that in 1933 
of Marshall and Norton® who measured the evaporation 
rate of carbon from graphite rings at 2300—2800°K., 
and found 175 keal. Herzberg reconciled the two 
values by supposing that a very low accommodation 
coefficient should have been assigned to the evaporation 
process, rather than the value of unity used by the 
authors. 

Pauling’s “Nature of the Chemical Bond’ was 
written soon after Herzberg’s article, and the carbon 
bond energies given there are calculated on the basis of 
L = 124 keal. The only other critical review at this 
time, by Goldfinger and Jeunehomme’ agreed with 
Herzberg. The great experimental difficulties that 
must be overcome at temperatures above 2000°K., 
including the problem of uniform heating and correct 
temperature measurement, caused scientists at this 
period to be skeptical of direct experimental determina- 
tions of L. -Furthermore, they were aware of the 
possible presence of diatomic carbon molecules in the 
graphite vapor. However, the value for the dissocia- 
tion energy of C2, which is needed to calculate the C2/C, 
ratio, was uncertain to the extent of at least 60 kcal.‘ 
It is therefore not surprising that they preferred to rely 
primarily on subtle spectroscopic arguments in choosing 
among the possible L values. 

Ten years after Herzberg’s article the situation had 
become more fluid. It appeared from the latest 
spectroscopic work that the evidence available in 1937 
was incomplete and in part erroneous. A good case 
could now be made for 170 kcal. on spectroscopic 
grounds. This value was also supported by evidence 
from such diverse sources as the absorption spectra of 
conjugated systems and the probable strength of the 
C—Hg bond. On the other hand electron impact 
studies by Hagstrum® on CO appeared to give con- 
clusive support to an intermediate value of Deo, 
corresponding to a sublimation energy of either 136 
or 141 keal. Furthermore, Hagstrum was able to 


‘ HerzBera, G., Chem. Revs., 20, 145 (1937). 
’ Marswa.i, A. L., anp F. J. Norton, J. Am. Chem. Soc., 55, 
431 (1933). A more detailed account of their experiment is 


given by them; ibid., 72, 2166 (1950). 

*Pautine, L., “The Nature of the Chemical Bond,” Cornell 
University Press, Ithaca, 1939. 

GotprinGer, P., anp N. JEUNEHOMME, Trans. Faraday Soc., 
32, 1591 (1936). 

H. D., ano J. T. Tate, Phys. Rev.,59, 354 (1941). 
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reconcile these values with all the available spectro- 
sopic data. 

In 1948 appeared the important paper of Brewer, 
Gilles, and Jenkins,’ reporting on the first equilibrium 
vapor-pressure measurements by the effusion method. 
They used a graphite-lined Knudsen cell at 2600°K. 
with an orifice surface ratio (c) of 1/600. The effusion 
rate was determined from the weight of carbon de- 
posited on a platinum surface near the mouth of the 
cell. The authors offered evidence (the temperature 
dependence of band intensities in the C, spectra) that 
C. was essentially absent from the effusing vapor. 
Assuming that C,; was the sole effusing species and that 
equilibrium with respect to this species had been 
achieved within the cell, they found that their results 
were compatible only with the high (170 kcal.) value. 

In a review written in May, 1949, Springall”® felt that 
Brewer’s results had definitely tipped the scales in favor 
of 170, with Hagstrum’s middle value running a close 
second. But events were moving fast. Before the 
review was published Springall noted in a final para- 
graph that Pauling had just attempted a new theoretical 
evaluation of the bond strengths in graphite, and had 
obtained 136-141 as the dissociation energy into the 
monatomic gas; and a note in proof reported an elec- 
tron-impact study of methane which indicated that L 
could not possibly be greater than 140. In the words of 
Springall, ‘‘All this more recent work seems to favor the 
lower values for L as opposed to the 170.4 k/a value, 
and the 136.1 k/a value appears to hold the field at the 
moment [April, 1950].”’ 

This estimate was reinforced shortly after by the 
publication in Belgium of the vapor pressure measure- 
ments of Goldfinger, et al.!! (1953). Their effusion 
cell results agreed reasonably well with those of Brewer 
when they used a cell with o close to Brewer’s value. 
The novel feature of their experiments was that when 
the orifice was made smaller, reducing o to 1/24,000, 
the effusion rate per orifice area increased enormously, 
indicating a higher pressure in the cell. Their results 
with very low o pointed unequivocally to a sublimation 
energy of 141 kcal. With the larger orifice, the vapor 
had evidently not attained its equilibrium pressure, 
and the measurements had given erroneously high 
sublimation heats. If escape from a hole only 1/600 
the area of the evaporating surface was sufficient to 
upset the solid-vapor equilibrium completely, the 
authors argued that .the evaporation-condensation 
rate must be extremely sluggish; hence, the accommo- 
dation coefficient a must be < 1, in fact, around 10-*. 
This conclusion coincided with a conception of the 
evaporation process that had been widely accepted 
ever since an early publication of Herzberg, Herzfeld, 
and Teller,!? which hypothesized an unusual type of 


Brewer, L., P. N. anp F. A. JENKins, J. Chem. 
Phys., 16, 797 (1948). 

10 SPRINGALL, H. D., Research (London), 3, 266 (1950). 

1 DoEHAERD, T., P. GOLDFINGER, AND F. WAELBROECK, Bull. 
soc. chim. Belges, 62, 498 (1953). 

12 HERZBERG, G., K. F. HERZFELD, AND E. TeLier, Z. Physik 
Chem., 41, 325 (1937). 
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energy barrier to C, sublimation arising from the 
hexagonal structure of the graphite crystal planes. 
It was in direct conflict with the a of about unity 
assumed by Marshall and Norton and Brewer. 

Goldfinger also considered the C, problem. On the 
basis of Herzberg’s latest spectroscopic value for Do, 
and his own estimate of L (140 kcal.), the C. pressure 
was calculated to be a good deal higher than assumed 
by Brewer, but still less than the C; pressure. Further- 
more, the same theory which predicted a low value for 
the C; accommodation coefficient predicted a value of 
unity for that of C2. Since the product aP., was greater 
for C, than C, it followed (see equation (3)) that the C, 
evaporation rate was larger although the equilibrium 
vapor pressure was less. In fact Goldfinger believed 
that Marshall and Norton owed their high sublimation 
energy value in part to having mistakenly measured the 
evaporation of C, rather than C;. After correction for 
the presence of C2, and the low a@ value of C,, their 
results could be brought in line with the low L advocated 
by Goldfinger. 

It might be thought that these results would have 
silenced the advocates of the high value, but in fact 
they did not yield an inch. To the assertion of Gold- 
finger, et al.,!* that “the results of Brewer, Gilles, and 
Jenkins seem to be the only direct evidence for the 
high value,” Brewer replied,'* that “all other new data 
reported lie as close to or closer to 170 than to 141.” 
After pointing out certain inconsistencies in the experi- 
mental approach to their work, Brewer suggested that 
the high pressure they observed might be the result of 
incomplete outgassing of the sample. Indeed, the 
entire theoretical basis for the low C,; accommodation 
coefficient was regarded with some skepticism, partly 
because of analogies with other elements, and partly 
because of independent experimental evidence attesting 
an for C, not far from unity.” 

As long as uncertainties in the vapor composition 
and accommodation coefficients persisted, it seemed 
unlikely that any value for the sublimation energy 
would gain universal acceptance; and unfortunately 
the one uncertainty could not be effectively attacked 
until the other had been resolved. It was therefore a 
timely moment for the introduction of a new technique 
which gave promise of solving or circumventing these 
difficulties and of providing the ultimate answer to the 
vexing problem. 

This new approach was provided by the mass spectro- 
graph. The use of this instrument in effusion- and 
evaporation-rate experiments was first reported by 
Chupka and Inghram!'® and Honig." Carbon fila- 


13 DOEHAERD, GOLDFINGER, AND WAELBROCK, J. Chem. Phys., 
20, 757 (1952). 

14 BREWER, L., J. Chem. Phys., 20, 758 (1952). 

1 Simpson, O., R. THoRNE, AND G. WinsLow, U. 8S. Atomic 
Energy Commission Document, ANL-4264 (1949). See also 
R. THorNE, AND G. Winstow, J. Chem. Phys., 23, 1369 (1955). 

16 CuupKA, W. A., AND M. G. INGHRAM, J. Chem. Phys., 21, 
371, 1313 (1953); ibid., 22, 1472 (1954). The most complete 
account of their work is given in J. Phys. Chem., 39, 100 (1955). 

17 Honia, R. E., J. Chem. Phys., 22, 126 (1954). 
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ments or graphite-lined effusion cells are placed in suchlope o 
a way that a portion of the evaporating molecules passes 
through slits into the ionization chamber of a mass 
spectrograph. By suitable adjustment of the maguetic 
field of the instrument, ions of differing charge-mass 
ratio can be directed in turn onto the plate of a sensitivehyre da 
current-measuring device. In this way the different No ¢ 
species in the carbon vapor can be detected and meas-fnentior 
ured separately. In addition to getting at the composi-fyhich 
tion problem, the method avoids another difficulty }onvent 
associated with the usual effusion experiments. Thefneasur 
rate of effusion is determined from the weight of carbonf}e appl 
vapor condensing on a cooled target placed near thelhre in ; 
orifice of the effusion cell. An assumption must before a 
made concerning the fraction of the impinging moleculeshincerta 
that adhere to the target. From the original defini-§ The | 
tion of a, it is clear that this efficiency is given by affyhere : 
itself. Since the uncertainty in a is the crux of thelkecurat 
whole problem, it is small wonder that the usualfhifcant 
methods gave ample field for controversy. briefly ¢ 

The mass spectroscopic method has difficulties of its (1) | 
own. First, there is the problem of background current) both 
from traces of impurities in the apparatus of masifixperim 
equal to that of the species under investigation; thisfRion in 1 
error is particularly serious at low temperatures and lowfRion coe 
o values, when the carbon vapor beam has relativelyfprder of 
low intensity. Secondly, there is the possibility thatonfict 
some part of the species observed in the spectrographfhas adr 
is created during the ionization process and does notfheen in 
originate in the cell at all. Thus, some of the Cj (2) 
observed may result from the breakdown of mole-fRfysion 
cules under electron bombardment. The effect of both especti 
of these errors would be to increase the observed vaportffrom th 
pressures, and hence give erroneously low sublimationfigreeme 
energies. ensity 

A further source of uncertainty lies in the calculation ‘ineing 
of absolute values for rates of effusion and evaporationf{, value; 
from the ion-intensity measurements. The propol-fKtudies ; 
tionality factor relating these two quantities dependsfiease the 
primarily on the geometry of the apparatus and thefts equ 
ionization probability of the molecule. In practice"fs not lik 
the apparatus is calibrated with a relatively volatileBwhich t 
substance like silver. A known weight of silver isotope ween e 
is evaporated completely out of the cell and compared fof any 
with the total charge collected at the detector plate offhation p 
the spectrograph. This ratio is identical to the ratio§ (3) 
of effusion rate to ion current, but the resulting col-fkble am 
version factor is not directly applicable to carbolfkuggests 
evaporation because the ionization cross sections 
silver and carbon are different. This difference :.riseSfMdefinite} 
from differences in atomic radius and ionization potel-Bpurely h 
tial and can only be roughly estimated, with ai Uh yery gt 
certainty factor of about 4. Although this uncertaintyfvould r¢ 
is carried over into the absolute value for the pressur¢,fvolye g 
it is not as serious as might be supposed for the pressu!¢§#——— 
appears as a log term in equation (1), and an error of _ 
several orders of magnitude would be necessary fey are 
straddle the difference between an L of 140 and 170fbf Honig. 
keal. If the sublimation energy is determined from the 


18 CHUPKA AND INGHRAM, J. Phys. Chem., 59, 100 (1955). 
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slope of a log P versus 1/T' plot, the conversion factor 
drops out altogether as a source of error; on the other 
and, considerable weight must then be placed on low- 
as well as high-temperature data if a convincing slope 
s to be obtained, and we have seen that low-tempera- 
ture data are sensitive to background errors. 

No discussion of errors would be complete without 
mention of the error in temperature measurement, 
vhich the spectrographic method shares with the 
onventional methods. Temperatures are universally 
easured with an optical pyrometer; corrections must 
ye applied for emissivity and transmission, and these 
are in some doubt so that probable errors of 30° or 

ore are normal at 2500°K., corresponding to an 
incertainty of two or three keal. in L. 

The method has not yet been refined to the point 
vhere the influence of such errors as these can be 
pecurately evaluated. Nevertheless, some very sig- 
iificant results have been obtained, which are here 
briefly summarized. 

(1) Cy, Ce, and C; are all three important species, 
n both evaporation-rate and effusion-cell (¢ = 1/1500) 
pxperiments. The rough similarity in vapor composi- 
ion in the two methods suggests that the accommoda- 
ion coefficients for the different species are of the same 
prder of magnitude. The high C, concentration is in 
onflict with Brewer’s estimate, and indeed Brewer 
as admitted the possibility that his method may have 
been in error.'® 

(2) Analysis of C, intensities from evaporation and 
ffusion experiments yields the values 176 and 170 
espectively (assuming a 1).% L values obtained 
rom the slope of log P versus 1/T curves are in good 
agreement with those calculated from individual in- 
ensity data. These results represent the most con- 
‘incing evidence to date in favor of one of the possible 
values. They cannot be considered conclusive until 
tudies are made at the low o used by Goldfinger, in 
ase the C, in the effusion cell should not have attained 
ts equilibrium vapor pressure. This eventuality 
snot likely, since in addition to other internal evidence 
vhich tends to exclude it, there is the agreement be- 
ween evaporation and effusion indicating the absence 
of any considerable energy barrier in the C, evapo- 
ration process, 7. e., a does not differ much from unity. 

(3) The discovery in the effusing vapor of consider- 
kble amounts of a species of molecular weight 60 
uggests?! an explanation for Goldfinger’s high equilib- 
rum vapor pressure. Until this species can be 
definitely identified as Cs, the explanation must remain 
purely hypothetical. The Cs molecule presumably has 
A very stable ring structure. Condensation to graphite 
vould require breaking the ring, and hence would in- 
olve a high energy barrier and a low accommodation 
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coefficient. It is possible that the true equilibrium 
vapor contains relatively vast amounts of this species, 
owing to its great stability, but that because of the 
extremely sluggish equilibrium between graphite and 
Cs vapor, it can build up only if o is extremely small. 
Thus Goldfinger, et al., in their attempts to trap C, 
vapor with its allegedly low a, may actually have 
trapped the unwanted (and unsuspected) C; species as 
well, and thus have measured what was essentially the 
Cs vapor pressure. Brewer, however, assumed a high 
a for C,; and did not take excessive precautions to attain 
true equilibrium conditions in his effusion cell. 

To summarize: the most favored value of L, starting 
with 124 keal. in the thirties, was gradually shifting to 
170 keal. by the late forties; there was then an interlude 
during which an intermediate value gained a brief 
ascendancy, followed by a vigorous come-back of the 
highest value. The swing to 170, sparked by the mass 
spectroscopic results, is gaining momentum on all sides. 
The redetermination of the electron affinity of oxygen?? 
has uncovered a large error in the previously accepted 
value. This new information has enabled Hagstrum** 
to reconcile his electron-impact work with 170, and the 
recent discovery*‘ that carbon evaporates at approxi- 
mately the same rate from graphite and from metal 
carbides which lack the hexagonal graphite structure 
throws additional doubt on the low accommodation 
coefficient which is the sine qua non of the 140 value. 

The history of the sublimation energy of carbon 
derives a special interest from this wide divergence in 
the opinions that from time to time have been held 
regarding it, all of them championed with great con- 
fidence by their respective adherents. One is tenipted 
to speculate whether prior knowledge that the experi- 
mental results must fit one of three or four accurately 
known values has been more a help or a hindrance. 
Undoubtedly, wishful thinking has in many cases 
influenced the evaluation of experimental results; 
the significance of uncertain theoretical speculations 
and unsound data tended to be overestimated if they 
happened to coincide with one of the possible values. 
On the other hand, once the correct mode of attack has 
been found, the presence of widely separated known 
alternatives permits a decision by very rough, almost 
qualitative experiments, which thus can be made to 

yield a highly precise result. 

Note added in proof: With the recent appearance of 
Goldfinger’s latest paper,** the controversy discussed in 
this review may be considered closed. The new mass 
spectrographic findings concerning the composition of 
carbon vapor, including the existence of C;, has led to 
a reinterpretation of his earlier results, which are now 
presented as support for rather than evidence against 
the 170 keal. value. 
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" Ibid., J. Chem. Phys., 21, 1313 (1953). 

®The numerical results are those of Chupka and Inghram. 
; - are in good agreement with the evaporation experiments 
ot Honig. 

*!CHUPKA AND INGHRAM, J. Chem. Phys., 22, 1472 (1954). 
REWER AND KANE, loc. cit. 


22 BranscoB, L. M., anv S. J. Smita, Phys. Rev., 98, 1127 
(1955). 

23 Haastrum, H. D., J. Chem. Phys., 23, 1178 (1955). 

24 Hocn, M., P. E. Buacksurn, D. P. DinGLEDy, H. L. 
JounstTon, J. Chem. Phys., 59, 97 (1955). 

25 GoLDFINGER, Pau, Mém. soc. roy. sci. Liege, 15, 378 (1955). 
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Unoer the above title, the author presented a paper 
atarecent A. C. S. meeting.! Its brief report? elicited 
considerable response; a surprisingly large number of 
chemistry teachers in colleges wrote to the author, 
either praising or damning his position. ~ 

Such unexpected response convinced the author 
that the concern for a good pre-medical curriculum 
is widespread and prompted him to investigate this 
matter more thoroughly and comprehensively than 
in the somewhat haphazard collection of views from 
medical school professors on which his Minneapolis 
talk was based. To this end, a questionnaire (see below) 
was prepared and sent to the heads of the biochemistry 
departments in all 81 medical schools accredited by the 
American Medical Association. 

In the belief that chemistry in the curriculum cannot 
be divorced from other subjects, the first two questions 
were phrased so as to state the inquiry into the pre- 
medical curriculum in quite general terms. However, 
the primary interest of this study is chemistry; there- 


1 Presented before the Division of Chemical Education at the 
128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 

2 Chem. Eng. News, 33, 4039 (1955). 


SOME REMARKS ON THE ROLE OF CHEMISTRY 
IN THE PRE-MEDICAL CURRICULUM 


ALEXANDER GERO 
Hahnemann Medical College, 
Philadelphia, Pennsylvania 


fore, most questions deal with its teaching. Also, 
the questionnaire was sent to professors of biochemistry 
in the expectation that they would be the most compe- 
tent to judge how well their students had been prepared 
in chemistry by the colleges. 

This is a good place to state that the author himse 
did not participate in answering his own questionnaire 
He is not a member of the biochemistry department aj 
the school where he teaches and he had no influencé 
on any of the replies that were given. His role is 
simply that of a reporter. 

The response from the medical schools was mos| 
gratifying inasmuch as 56 of the 81 schools sent replies) 
and the author wishes to take advantage of this oppor- 
tunity to express his thanks to them. Four schools 
preferred to state their views in extensive letters rather 
than by answering the questionnaire, and another 
34 went to the trouble of adding remarks of some lengt! 
to the completed questionnaire. These are included in 
the summary of replies to the extent that clear-cut at- 
swers to specific questions could be found in them. 
Not all who answered the questionnaire answered every 
question; this explains why there are, for instance, 
only 32 replies to question 6. 


Questionnaire 


of medical students in anatomy ___, h 
ology ___, pharmacology ___., clinical subjects ___? 


(2) If your answer to (1) is “‘No,”’ do you consider their preparation inadequate in biolo; 


(1) Do you consider applicants for admission to your medical school in general adequately prepared in their undergraduate work’ 


physics chemistry ____, mathe 


matics ___, English ___, cultural subjects ___, or other subjects ____? (Check one or more.) 
(3) If your answer to (2) is ““Chemistry,’”’ do you find inadequacy in their preparation in oe chemistry ___, qualitative analysi 
—_—, quantitative analysis ___, organic chemistry ___, physical chemistry , biochemistry ? (Check one or more. 
(4) If your answer to (1) is “No,” would you advocate improving this situation by longer hours in college ___, greater emphasis 0! 
some subjects ___, or other means ___? 


(5) If your answer to (4) is “Greater emphasis on some subjects,” which of the following would you recommend? (Check one or more. 
Greater emphasis on biology ___, physics ___, chemistry ___, mathematics ___, Engli 
At the expense of biology ___, physics ___, chemistry ___, mathematics ___, English ____, other ___. 


(6) If you desire greater emphasis on chemistry, would you advocate greater emphasis on some fields of chemistry at the expeuse 0 


(7) If your answer to (6) is “Yes,” which of the following would you recommend? (Check one or more.) 


reater emphasis on general chemistry ___, organic chemistry ___, qualitative analysis , quantitative anal 
ysis ___, physical chemistry biochemistry 

At the expense of general chemistry ___, organic chemistry ___, qualitative analysis ___, quantitative analysis ____, physical 
chemistry ___, biochemistry —___. 


(8) From your experience, would you expect that the changes advocated by you in the college curriculum will improve the performantt 
istology ___, biological chemistry ___, physiology ___, microbiology ___, pa' 
(Check one or more.) 
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It should be noted that of the 12 schools which an- 
swered the first question in the affirmative only two did 
so unreservedly; the others hedged their “yes” about 
with more or less substantial qualifications, mostly to 
the effect that while “in general’ their students were 
well prepared in college a certain percentage was not. 
One response specified the percentage as 25. Thus it 
would seem that the answer to the first question hinged 
largely on the semantics of the term “in general.” 
But even though some respondents were lenient enough 
to answer ‘‘yes” when fully one-quarter of their stu- 
dents were substandard, the fact emerges clearly that 
54 out of 56 American medical schools are to varying 
extents dissatisfied with the student material the 
colleges hand over to them. 

One would expect this dissatisfaction to manifest 
itself here particularly in the fields of biology and 
chemistry, the twin bases of biochemistry, since in 
answering the present questionnaire the medical schools 
are speaking with the tongues of their biochemistry 
professors. As expected, 38 of them registered their 
dissatisfaction with the applicants’ training in chemistry 
and not many fewer with mathematics and English, 
but it is somewhat surprising that not one was dissatis- 
fied with biology training. 

Whether this is due to superior performance of college 
biology departments compared to that of chemistry 
departments, or to the opinion that for future physicians 
biology is less important than chemistry, can be de- 
cided readily by examining the numerical distribution 
of answers to questions (4) and (5). By far most of those 
who considered the suggested remedies for the inade- 
quate preparation of college graduates recommended 
a shift in emphasis on college subjects. The most 
frequent recommendation (as one would expect from 
the answers to question (2)) is extra emphasis on chem- 
istry, mathematics, and English. It is significant that 
not only no desire was expressed for added emphasis on 


biology but also almost half of those who answered the 
second part of question (5) recommended that the change 
in emphasis should be made at the expense of biology. 
Apparently medical schools do not look upon under- 
graduate biology as very important. One school 
voiced the opinion of many that “biology departments 
(and the pre-medical advisors who stem from these 
departments) exert far too much power in advising 
pre-medical students to major in biology rather than 
in chemistry. . . .Pre-medical students frequently choose 
the way of least resistance by selecting biology rather 
than the more exact science courses.” 

Many of those who made additional remarks on the 
questionnaire went into considerable detail regarding 
the widespread deficiency in English and mathematics. 
It was a universal complaint that college graduates are 
very inadequate in their ability to express themselves 
clearly and concisely, and even to spell correctly; like- 
wise, too many are unable to handle simple mathemati- 
cal methods. Both these deficiencies, it was said, 
indicate a lack of precision of thought which is a serious 
defect in anyone engaged in the study of medicine. 
(“No wonder,” wrote one respondent, “that they can’t 
rearrange the equation PV = nRT!’’) 

Also interesting is the fact that while less than 10 
per cent of all respondents desire added emphasis on 
physics, nobody is willing to sacrifice any of the 
present emphasis on this science. 

Regarding the detailed criticism of undergaduate 
chemistry, questions (3), (6), and (7) should be consid- 
ered together. Manifestly, physical chemistry, organic 
chemistry, and quantitative analysis, in this order, are 
the major areas of dissatisfaction. Those who desire 
a change of emphasis within the chemistry curriculum 
outnumber those who do not by more than two to 
one, and, of course, added emphasis is recommended 
for the same subjects in which the students entering 
medical school are found wanting. Here, too, negative 


Summary of Answers to the Questionnaire 


(1) Applicants to medical school are generally: 


Inadequacy particularly in: biology (0), physics (12), 
weed cultural subjects (5), other (3). 


(3) Inadequacy in chemistry particularly in: general chemistry (4), 
physical chemistry (25), 


organic chemistry (24), 


(4) Inadequate preparation should be remedied by: longer hours in college (2), 


other means (12). 


(5) There should be greater emphasis on: biology (0), 
other subjects (3) 


at the expense of: 


(6) Greater emphasis on some fields of chemistry at the expense of others is: desirable (23), 


(7) Among chemical subjects, there should be greater emphasis on: © general chemistry (3), 
organic chemistry (13), 

qualitative analysis (7), 
biochemistry (18) 


quantitative analysis (15), 
at the expense of: general chemistry (4), 


physical chemistry (2), 
(8) 


physics (5), 


The changes advocated should improve medical students’ performance in: anatomy (1), 


adequately prepared (12),* inadequately prepared (44). 
chemistry (38), 


mathematics (30), English (29), 


qualitative analysis (5), 
biochemistry (0). 


quantitative analysis (18), 
greater emphasis on some subjects (30), 
English (21), 


chemistry (22), mathematics (22), 


biology (13), physics (0), chemistry (0), mathematics (0), English (0), other subjects (15). 


undesirable (9). 


qualitative analysis (2), 
physical chemistry (14), biochemistry (0). 
quantitative analysis (1), organic chemistry (0), 


histology (3), biochemistry (38), 


physiology (30), microbiology (14), pathology (6), pharmacology (26), clinical subjects (13). 
* The numbers represent the number of respondents checking each specific question. 
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results are relevant. Although organic chemistry is 
slightly behind physical chemistry and quantitative 
analysis in the demand for added emphasis, nobody is 
ready to give up any of the present emphasis on it. 
This is not true of either physical chemistry or quanti- 
tative analysis. It appears that in the view of the 
medical schools physics and organic chemistry occupy 
particularly essential positions in the pre-medical cur- 
riculum. On the other hand, not only does nobody 
desire added emphasis on biochemistry, but also more 
than half of those who answered the second part of 
question (7) consider undergraduate biochemistry ex- 
pendable for the benefit of other subjects. In fact, it 
was repeatedly noted on the questionnaires that bio- 
chemistry should not be a pre-medical subject at all 
because it cannot be properly understood without suffi- 
cient grounding in physical and organic chemistry and 
in quantitative methods; and since so many pre-medi- 
cal students are deficient in these subjects, they are 
wasting their time studying biochemistry and acquiring 
little more than the illusion that they have learned 
something. It was suggested that they would profit 
more by improving their knowledge of organic and 
physical chemistry than by entering, insufficiently 
prepared, on the study of biochemistry which they will 
take in medical school anyhow. 

Beyond the answers to the questionnaire discussed 
in the foregoing, many of the respondents raised inter- 
esting points not anticipated by the author when he 
made up his questionnaire. Foremost among these, 
both in frequency and in urgency, was the opinion 
that improvement in the quality of college teaching 
is more needed than quantitative change in either total 
hours or hours devoted to particular subjects. The 
colleges were criticized for emphasizing a profusion of 
factual detail rather than aiming at thorough under- 
standing of fundamental principles, for neglecting to 
insist on quantitative aspects of science from the 
freshman year on, for training students too much to 
memorize and not enough to reason, and last, but not 
least, for failing to inculcate proper motivation. As a 
result, students generally choose the easiest way out 
and realize too late the importance of disciplined 
thinking, scientific reasoning, and handling mathemati- 
cal concepts. It was pointed out, however, that in 
fairness this state of things should not be blamed on 
the colleges so much as on the educational philosophy 
prevailing in high schools and grade schools. 

Specific suggestions also were made. It was often 
proposed that the quantitative and theoretical aspects 
of the sciences should be emphasized more than the 
qualitative and descriptive aspects. Many also wanted 
more effective teaching of first-year organic chemistry. 
What they mean by that may be illustrated by the ob- 
servation of one respondent that most of the candi- 
dates he examines know all about the details of the 
petroleum industry and about fancy ‘“‘name’”’ reactions, 
but when asked how to identify a compound suspected 
to be an amine, they would never think of testing it for 
basicity. Thus the main attention in elementary or- 
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ganic chemistry should be directed to the behavior of 
functional groups. For instance, “it is not important 
for an undergraduate to have studied the chemistry 
of carbohydrates, but it is important for him to know 
the chemistry of the alcoholic hydroxyl group and of 
the carbonyl group so well that he has no trouble wider- 
standing carbohydrate chemistry in medical schoo!.’’ 

It was also repeatedly suggested that the entire pre- 
medical chemistry curriculum be revised and a two- 
year course designed which would include all funda- 
mental information on inorganic, organic, physical, 
and analytical chemistry. This suggestion, however, 
was far from unanimous; there were those who ob- 
jected to separate courses for pre-medical students for 
fear that such courses are likely to be poor compared to 
courses offered to chemistry majors. 

What, it may be asked, should the colleges do in 
this situation? It will be argued by some that a college 
is an integral educational institution in itself and not 
primarily a pre-professional school. No doubt this is 
true, but it is equally true that many college graduates 
—and particularly the best ones—go on to graduate and 
professional schools. The colleges owe it to these 
students to prepare them properly for their advanced 
work, and in order to achieve this aim the opinions of 
the professional schools should be heeded. 

It seems to the author that many of the recommenda- 
tions made in the present survey by medical schools 
will be unexceptionable to colleges. Greater emphasis 
on fundamentals, on correct use of the English language, 
on clear thinking and concise expression, and on ability 
to handle mathematical concepts and methods are 
ideals with which few will quarrel. Nor will many 
oppose the suggestion that students should not be 
encouraged to take the path of least resistance, even 
if this might scare some marginal candidates away 
from an attempt at a college career. High standards 
are at least as important as high enrollments. 

There may he disagreement over specific suggestions 
and criticisms, as for example over the insistence of the 
medical schools that biology should not be considered 
as important as chemistry in the premedical curriculum, 
and that biochemistry should not be taught at all in 
college. But on these points, it would seem that the 
opinion of the medical schools should be respected, if 
only because about 120,000 members of the college 
population of the United States prepare themselves 
to continue their studies there. It should not be too 
hard to adapt the pre-medical curriculum to the de- 
mands of the medical schools. What is called for, 
apart from the general principles already discussed, 
is encouragement of the pre-medical studeni to devote 
more of his time and attention to chemistry, particularly 
organic and physical chemistry, to train himself in 
quantitative methods, and to study mathematics 
earnestly and generously. As to undergraduate bio- 
chemistry, many colleges will be reluctant to abandon 
it. But, as the author pointed out in his Minneapolis 
talk, it is quite possible to teach a fourth-year college 
course which approaches biochemistry from the side 
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of chemistry and emphasizes organic chemical and 
physicochemical aspects of the subject matter rather 
than traditional biochemistry. The author himself 
taught such a course for years, and the students who 
took it went on to make outstanding records in medical 
school. 

It is worth pondering that in their answers to question 
(8) of the questionnaire the medical schools state that, 
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from their experience, they expect improved perform- 
ance of students trained according to their prescription, 
not only in biochemistry but in other quite unrelated 
subjects. Obviously, they consider that their recom- 
mendations should improve the all-round training of 
pre-medical students. Any change which promises 
such improvement is worth the most serious considera- 
tion. 


Tus paper describes a method for the preparation of a 
cellulose column to demonstrate the formation of zones 
from a cake-dye mixture by development with a buta- 
nol-acetic acid—distilled water mixture. It is based on 
the column technique first used by Tswett, modified by 
Martin and Synge and others, where the supporting 
adsorbent, equilibrated with the non-mobile phase, is 
charged into a chromatogram tube as a slurry.” 

The demonstration used the following materials: 
a solvent of butanol, acetic acid, and distilled water 
proportioned 4:1:2; Whatman standard cellulose 
powder mixed with the ternary solvent; and a dye 
mixture in butanol solvent consisting of two drops each 
of red, blue, and yellow McCormick food coloring di- 
luted to five ml. A glass tube 11!/.- X 5/s-in. pinched 
in about one inch from the bottom to support a wad of 
glass wool similar to that described by Forss* was used. 

A small wad of glass wool was placed about one inch 
from the end of the glass tube and packed lightly 
enough to allow liquid to flow through. The cellulose- 
butanol slurry was added gradually with constant 
packing to a depth of eight inches. It was necessary that 
the solvent drain before each addition was made but 
that the column not become dry: Care was taken to 
make the upper surface of the cellulose column per- 
fectly level. Failure to do this resulted in surface 


_' Prepared at the Institutum Divi Thomae Research Founda- 
tion in Cincinnati, Ohio, in a seminar conducted by Dr. Harold 
G. Cassidy of Yale University. 

? Martin, A. J. P., anp R. L. M. Synae, Biochem. J., 35, 91, 
1358 (1941). H. G. Cassrpy, “Adsorption and Chromatog- 


taphy,” Ist ed., Interscience Publishers, Inc., New York, 1951, 
pp. 5, 207, 291-300. J. Surak anv D. F. J. 
Epvc., 30, 457 (1953). L. Hoven, J. K. Jones, ano W. H. 
Wavman, J. Chem. Soc., 2511, 1949. 

*Forss, D. A., J. Cuem. Epuc., 32, 306 (1955). J. Scuorr, 
AND H. Herne, J. Cuem. Epuc., 28, 39 (1951). 
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spread and irregular zones. A cork was fitted in the 
upper end of the glass tube and a separatory funnel 
containing the mixture of dyes inserted. The dye was 
added drop by drop directly to the center of the column 
to prevent the color from running unevenly along the 
sides and hinder distinct separation. About 20-30 
drops were slowly added until the dye had penetrated 
the column about 1.5 cm. allowing a gradual diffusion 
for complete separation. Solvent was immediately 
added from a clean separatory funnel, the flow being 
regulated so that the amounts entering and leaving the 
column were equal. The mobile phase percolated 
down the column without the use of pressure or suction 
at a relatively uniform rate. Improper packing left 
air spaces which impeded the passage of solvent. 

Distinct zones of varying intensity of red, blue, and 
yellow were observed to widen as the process of separa- 
tion continued. The supply of solvent was stopped 
when the zones were distinctly separated. If the col- 
umn was not allowed to become completely dry, the 
material could be removed and later re-used. 

An alternate method was used to introduce the dye 
mixture. A small amount of cellulose slurry was mixed 
with about one ml. of dye mixture. Discs to fit the 
column were cut from filter paper. One was placed on 
top of the cellulose column, then from one to two ml. of 
the dye-cellulose-slurry were added, another dise was 
inserted on top of the mixture, and finally a small wad 
of glass wool was placed above it. 

‘A column was also packed dry, though the wet packs 
were generally best. Very small additions of the 
powder were packed with constant pressure into the 
column. The outside of the tube was tapped with a 
rubber stopper attached to a metal rod to ensure even 
layers of powder. The powder was thoroughly wet 
with the solvent before the dye was placed on it. 
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METALS’ 


FORMATION OF COMPLEXES IN SOLUTION 


To this point our attention has been focused pri- 
marily on hydroxyl complexes of the metal ions. We 
now turn to complexes with other common anions. 
While complexes of the type called by Biltz ‘“‘penetra- 
tion” or “inner’’ complexes, which usually involve es- 
sentially covalent binding, are well known as a result of 
the extensive and fundamental researches of Werner, 
there is a broad field of aqueous chemistry not specifi- 
cally covered by the Werner concepts. 

There is increasing evidence for the type of ionically- 
bound complex described as labile in many systems not 
previously suspected of exhibiting such effects. While 
labile in the sense that the particular coordinating 
groups (ligands) are continually exchanging with simi- 
lar free ions in solution, many of these complexes pos- 


1 The last in a series of three papers on this topic. For the 
first and second papers, see J. Cuem. Epuc., 33, 152, 223 (1956). 
The numbers of equations, structures, tables, figures, and liter- 
ature cited in this paper follow consecutively those assigned in 
the second paper. 


TABLE 12 
Complexing Ability of Various Substances with 
Zirconium(IV) 

Molar % Zr un- 

Substance cone. complexed 
Acetic acid 1.0 100 
Orthoboric acid 0.1 100 
Malonic acid 0.01 100 
Succinic acid 0.005 100 
Glutaric acid 0.1 94 
Carbonic acid CO, (1 atm.) 90 
Fumaric acid 0.05 88 
Metasilicic acid 0.01 87 
Maleic acid 0.05 74 
Orthophosphoric acid 0.012 68 
Hydrogen peroxide 0.015 63 
Bisulfate ion 0.0031 56 
Trifluoroacetic acid 0.11 51 
Hydrofluoric acid 10-5 22 

Oxalic acid 0.001 0.36 
Hydrochloric acid 1.20 29 
2.00° 19 
Nitric acid 1.20¢ 30 
2 002 20 


@ Replaces part or all of HC1O,. 


ON THE SPECIES PRESENT IN AQUEOUS 
SOLUTIONS OF “SALTS” OF POLYVALENT 


III. Additional Methods 
and Quantitative Data 


LEWIS POKRAS 
Polytechnic Institute of Brooklyn, Brooklyn, New York 


sess surprisingly high stability constants. Appreci- 
able fractions of polyvalent metal ions may be present 
in solution as complex ions, with marked effects on the 
physicochemical and analytical properties of such 
systems. 

These salts should therefore be described as weak 
electrolytes since they do not dissociate completely into 
discrete anions and cations. It matters little whether 
the phenomenon is described as ion-pairing or complex 
formation; the practical results are identical. 

Much of the recent work in this field, plus an excellent 
theoretical discussion of the equilibria, was summarized 
by Jannik Bjerrum in a Chemical Reviews paper (55). 
Bjerrum has shown that complex formation occurs in 
successive steps of the type illustrated in equations 
(5-7). In most cases only the over-all equilibrium 
constants corresponding to equation (7) are found in 
the literature. However, Bjerrum discusses methods 
of evaluating the separate equilibria and gives theoreti- 
cal consideration to the relative magnitudes of the 
successive equilibrium constants. Since this review is 
readily available, the following discussion will be 
limited to illustration of the magnitudes of the equilib- 
rium constants in some important chemical systems 
and to a few aspects of the problem which are of especial 
interest. 


THE COMPLEXITY CONSTANTS OF SEVERAL METAL 
COMPLEX SYSTEMS 

The study of ferric complexes by Rabinowitch and 
Stockmayer (33) yielded the following values of the 
equilibrium constants for formation of various halide 


complexes at 25°C. 
n= 0 u=l1 
+ Cl- = FeCltt+; Ki= 30 4.2 (35) 
FeClt++ + Cl-= FeCl, +; K, = 4 1.3 (36) 
FeCl.+ + Cl- = FeCl; K; = 0.1 0.04 (37) 
Fet+? + Br- = FeBr**+; K,’ = 4.5 0.5 (38) 


In 0.1 molar FeCl;, for example, considering only the 
equilibrium of equation (35), at least 55 mole per cent 
of the total Fe must be present as complex species. Ii 
the additional equilibria as well as the hydrolytic reac- 
tions are considered then only a minor fraction of the 
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TABLE 13 

the simple [Fe(H20)-] 10n Equilibrium Constants for Formation of Uranyl Complexes at u = 2.000 
in this solution. peg 

The data of Connick and ee 
MeVey on Zr(IV) com- Equilibrium 10° 25° 40° 
plexes, also cited previ- o,++ + 2Cl- = U0.Ch 0.58 0.88 1.14 

--= 7 
reproduced in Table 12. 986,-- = [U0x80,)s] 580 710 820 
All solutions contained [o0,++ + HSO,- — [UO.HSO,] + 6.1 6.4 6.5 
trace concentrations of Zr UO.+*+ + HF = [UO.F]*+ + H* 55 26 21 
at 25°C. and were 2.00 M 
in HCIO,. 
TABLE 14 


Asimilar study, also based on extraction of complexes, 
has been made of the uranyl ion by Day and Powers 
(56). The uranyl ion is of somewhat special interest 
since it represents the case of a metal ion with such a 
great tendency towards covalent binding that it forms 
an extremely stable complex with two oxygens, UO.+*. 
The latter species then exhibits many of the properties 
of a simple divalent ion. Like many other divalent 
ions, it can form further complexes with hydroxy] ion 
or other anions. Thus, we have the interesting case of 
complexes of a complex ion. The data are summarized 
in Tables 13 and 14. 

SPECTROPHOTOMETRIC EVIDENCE FOR COMPLEX 
FORMATION 

It has been noted above that spectrophotometric 
investigations have been of great utility in establishing 
the existence of aqueous complexes and in evaluating 
the corresponding equilibrium constants. Two addi- 
tional applications of this method appear of interest 
here. 

In contradiction to what would be predicted from 
solubility product considerations, the solubility of silver 
iodide increases rather markedly with either increasing 
{Ag+} or {I-} outside a region of low values of these 
concentrations. This effect is reported to be consider- 
ably greater than can be explained by ordinary electro- 
lyte effects and changes in activity coefficients. 

King, Krall, and Pandow (57) on the basis of spectro- 
photometric, solubility, and other studies, have shown 
that these systems contain not only polyiodide com- 
plexes like AgI;~- and AgI,~*, but also complexes poly- 
iuclear in silver, for example, These 
authors suggest that similar complexes are likely in 
other systems involving iodide, as for example with Cu+ 
and Au* ions. 

The importance of various complex and hydroxy 
species in determining the properties of solutions is 
further illustrated by the extreme case of pentavalent 
antimony in HCl, as studied spectrophotometrically 
by Neumann (58). The results of this study, made 
primarily in the ultraviolet spectral region, are presented 
in Figure 21. The spectral curve for the complex 
[SbCl,]- was established by study of HSbCl, in ether. 

All of the important species which exist in this sys- 
tem are complex (according to Neumann). Thus 


: Sb(OH)CI,]- predominates in 8 M HCl, [Sb(OH)2Cl,]- 
acid, and [Sb(OH);Cl;]- and more highly hydro- 
lyzed forms at {HCl}<5 M. 


Effect of Ionic Strength my ame (UO.F +) Formation 
at 25° C. 


0.05 - 0.25 
51 37 


0.50 1.00 
24 27 


Ki 


OTHER EVIDENCE FOR AQUEOUS COMPLEXES 


The application of ion-exchange techniques to the 
study of complexes has become a useful tool in the past 
ten years. For example, King and Dismukes have 
shown (59) that the sequence of complexes—[Cr(H,O)¢_,, 
(SCN),]*+¢-”, (n = 0, 1. . .6)—exists in Cr+*-(SCN) 
systems, partly by passing such systems through a 
cation-exchange column. 

It has been well established that such resins hold a 
mixture of.ions in accordance with ionic charge; in 
general, the higher its charge, the more firmly is an ion 
bound by the resin. Thus, in the Cr+*-(SCN)>- sys- 
tem, the cations [Cr(H.O).]*+*, [Cr(H.O);(SCN) ]*++, 
and [Cr(H:0),(SCN)2]*+ were adsorbed by the resin. 
(Neutral and anionic complexes would not, of course, 
be adsorbed by a cation-exchange resin.) On eluting 
with acids of increasing concentration it was found (by 
analysis of SCN/Cr ratios in the eluate) that the ion of 
lowest charge, [Cr(H20)4(SCN).]*, is eluted first, then 
]++, and finally 

The electromigration technique has also been applied 
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Figure 22. Electromigration of Zr(IV) Species 


to such systems, with results illustrated in Figure 22, 
taken from a paper by Lister and McDonald (60) on 
the aqueous chemistry of Zr(IV). All solutions studied 
contained about one per cent by weight of ZrO( NOs)». 
in liquid of indicated composition; migration of the Zr 
species present into anode or cathode compartments 
during electrolysis was determined by analysis. 

The resulting data are difficult to interpret unless 


TABLE 15 
Values of NO;/Zr Ratios in Zirconium Nitrate Complexes 


Total normality 
( NO;)7 


= 1 2 3 4 6 
(NO;)- from HNO; 
only 0.051 0.088 0.109 0.286 about | 
(NO;7~) from 1 VN HNO; 
iNO; 0.051 0.045 0.048 0.065 
TABLE 16 
Composition of Basic Lead Nitrates 
Composition of solid phase 
Stoichiometry Solubility of solid 
moles OH~/Pb*++ %Pb %NO;- %OH- g./100 yg. H:O 
0.50 231.7 6.2 1.42 
0.67 72.3 21.5 5.9 1.43 
1.00 72.0 21.5 6.1 1.40 
1.33 78.3 18.5 9.6 1.03 
1.50 79.2 8.4 10.7 0.25 
1.67 70.4 8.2 11.2 0.25 
2.00 80.2 1:8 11.9 0.25 


one assumes that at least three different phenome, 
exist: (1) the Zr(IV) ion is an acid, as in equations (3) 


‘ and (4); (2) the Zr(IV) species form polymers, as in 


equations (9-12); (3) the Zr(IV) ion also coordinates 
with anions, as in equations (5-7). 

Lister and McDonald also attack the problem by 
other techniques including a study of the diffusion co- 
efficient of Zr(IV) in from 0.02 to 6 M HNO; by tracer 
methods. The resulting data indicate that the molec. 
ular weight of Zr species decreases by a factor of about 
6, with increase of {HNO;} in this range. 

They also studied the rate of diffusion of Zr species 
into cross-linked ion-exchange resins, proposing that 
the Zr species in solution are [Zr(OH) »X»]+”", where m 
+p=4-—n. These ions, they suggest, are absorbed 
on the resin as R, [Zr(OH)»X]. On elution with water 
they expect either: 


R,[Zr(OH)pXm] + (m + n) 
Zr(OH), + mHX + nRH_ (39) 


or 
R,[Zr(OH)pXm] + mH2O — R,[Zr(OH)p+m] + mHX (40) 


Actually, they show that equation (40) applies; that 
is, that the Zr stays ‘‘on the resin” and that coordinated 
X~ is washed out by water. On evaluating m by titra- 
tion of eluate and then analyzing the resin for Zr, they 
evaluate the X/Zr ratios for complex nitrate systems in 
Table 15. 

They report about the same degree of complexing in 
HCl media up to 3 N, leveling off to about 0.4 in 6) 
HCl, but report no evidence for complex species with 
Zr(IV)'in perchlorate media. 


SUMMARY OF EVIDENCE ON METAL COMPLEXES 


In the discussion above, evidence on complex for 
mation has been limited to about a dozen commoi 
metal ions. However, it must not be assumed that 
the literature offers data on these only. On the con- 
trary, if one excludes the alkali metals and Sr, Ba, and 
Ra, there are 69 other elements which might be co- 
sidered metals or metalloids (including 14 lanthanon 
and 10 actinon rare earths). Of these 69, a cursory 
search has disclosed recent literature references on 58. 
There is no a priori reason for believing that the 11 ele- 
ments for which no references were found would differ 
in this respect from the remaining 58. 

Thus, it appears that the behavior of many metal! ion 
solutions with respect to the question strong versus 
weak electrolyte is described much more frequently i! 
terms of weak electrolyte. The numerically more 
common polyvalent metal ions should be considered 
normal, and the alkali and alkaline earth ions abnormal! 
in this regard. 


COMPOSITION OF SOLID PHASES AT EQUILIBRIUM 


It is not too well known that many of the precipitate 
usually described as hydrous oxides or hydroxides at’ 
actually basic salts, which may be polymeric in nature. 
Many of these species are amorphous gels which be- 
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come crystalline only on prolonged aging. (For addi- 
tional discussion see Emeleus and Anderson (6/).) It 
is frequently assumed that the appreciable anion con- 
tent of a freshly precipitated “hydroxide” is due to 
occlusion and that the anions could be removed if the 
saniple could be washed sufficiently. Yet, when washing 
is continued such species peptize long before the anion 
content is reduced to negligible concentrations. 

It is more fruitful, in accordance with the ideas pro- 
posed above, to consider such species to be complex in 
nature, with the anions rather tightly bound by the 
metal atoms. Pauley and Testerman (62) have studied 
the lead nitrate system from this point of view. Their 
data are presented in Table 16, which gives the com- 
position and solubility of the solid phases in equilibrium 
with 0.1 N Pb(NOs)2 to which various amounts of 1 N 
NaOH were added. 

Up to half-equivalence point (n = 1 OH~/Pb**) the 
solid phase contains about one nitrate and one hydrox- 
ide per lead atom. Beyond this point, the composition 
is roughly one nitrate per five hydroxides. Even when 
a stoichiometric amount or excess of hydroxide is added, 
the solid phase still retains considerable nitrate. With 
regard to solubility, if polymers can be formed only by 
“diol bridging,”’ then only dimers could be formed up 
ton = 1. The solubility is reasonably constant in this 
region. 

However, as the hydroxyl number increases beyond 
1 OH-/Pb++ higher polymers, up to a hexamer for 
the most basic species, might be formed. The decrease 
in solubility is consistent with formation of higher poly- 
mers, which might be expected to decrease in solubility 
with an increase in‘mean molecular weight. 

Pauley and Testerman point out that a study of lead 
acetate yields similar data. However, the lead acetate 
complex at the half-equivalence point is considerably 
more soluble than the corresponding nitrate complex. 

The consequences of the formation of such species 
with respect to the solubility product concept may be 
illustrated with the data of Feitknecht and Reinman 
on the CdCl, system (63). Their “pointwise” titration 
curves on 0.05 N CdCl. are reproduced in Figure 23. 
The upper curve is for fresh solutions, the lower curve 
for the same solutions after aging in a 25°C. thermostat 
bath for several months. Values for pH were read by 


= 
9+ 


TITRATION OF 005M 
CdCiz WITH NaOH 
I FRESH SOLUTION 
I AGED SYSTEM 
DATA OF FEITKNECAT AND REINMANN 
1 
2 3 
OH/Cd** 
Figure 23. Titration of CdCl: with NaOH 


a glass electrode with an estimated error of +0.02 pH 
units. 

The marked decrease in pH of each solution with age 
is striking. The authors state that as the solutions age, 
{Cd++} drops so low that it cannot even be determined 
polarographically. Therefore, they report Ks, values 
for fresh solutions only (even though they show such 
solutions not to be at equilibrium). 

Data on the identity of the solid phases which pre- 
cipitate under various conditions are given in Table 17. 
The three columns at the left give the composition of 
the liquid phase; the two at the right identify the vari- 
ous solid phases. The authors differentiate these 
phases by X-ray diffraction, microscopic examination, 
and other techniques; each substance identified by a 
Roman numeral is reported to be a distinct and differ- 
ent chemical species. 

The author’s analytical data on these solids yield the 
empirical formulas of Table 1¥. In addition since they 
state that for n=1, {Cl~} in ‘solution is essentially cor- 
stant at from 4.5 to 4.2 X 10-? moles/I., they calculate 
the “solubility product constants” reproduced in Table 
18. These Ks» values are defined as ‘“‘mixed”’ constants, 
involving both concentrations and activities: 


Ke = Cca++a™ou-C"ci- (41) 
where m and n are the mean numbers of hydroxyls and 


TABLE 17 
Solid Phases from Basic CdCl, Solutions 7 
Solid phase 
Solution’ 
n = OH~/Cd pH 10° {Cd+*} Months aged Products 

To 0.6 To 7.15 1470 2 I 
0.8-0.9 7 .36-7.51 1020-700 2 I+ II 
1.0-1.25 7 .64-8.32 652-177 2-3 II 
1.3 8.56 61.8 9(sic) III + II 
1.3 8.40 ‘ 3 IIIb 
1.35 8.82 26.9 3 IIIb 
1.35 8.42 oe 5 IV, Ill 
1.4-1.45 8.57-8.68 60.6—41.0 3!/2 IV + Ill 
1.5 9.10 7.34 31/2 IV 
1.55-1.6 9.38-9.48 1.74-1.28 6 IV, V 
Over 1.7 Over 9.6 ee V to hydroxide 


; 
| 
| | | 
| 
| | 
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TABLE 18 
Solubility Product Constants for Basic Cadmium Chlorides 
I Cd(OH)C1 1.1 X 10-" 0.07 3.2 xX 
II Cd(OH );.25Clo.75 6.7 0.05 2.0 xX 10-12 
IIIa 19.2 X 10-2 0.12 \ 
2.5 10-2 
“ 6.7 X 10-2 0.025 
IIIb 3.0 X 10-# 0.042 1.0 xX 
IV Cd(OH);.sClo.s 6.8 X 10-8 0.043 2.3 xX 
Active Cd(OH); 6.45 X 10-14 
5.25 X 0.033 
Inactive Cd(OH), 1.66 X 0.042 5.90 X 10-% 
7.60 X 107% 0.0025 6.4 X 


chlorides, respectively, per Cd in the solid phases, and 
C and a are concentration and activity. 

Ka, the thermodynamic solubility product constant, 

is then defined in terms of activities exclusively, and K, 
and K, are related by introducing activity coefficients. 
The authors state that they calculated the required 
activity coefficients from the Debye-Hiickel equation, 
but give no details. They then derive values of Kz 
at infinite dilution by plotting K, against ~/u and ex- 
trapolating (too far, this author) to infinite dilution to 
obtain the K, values at the right of Table 18. 
The reported range of thermodynamic Ks», values 
leads to several important issues. First, we ask what 
meaning an “equilibrium constant” possesses under 
nonequilibrium conditions. Then, we must inquire 
in such cases as to whether or not we are calculating 
ion products for species actually present in the systems 
studied. Third, we may ask if discrete species of the 
formulas given actually exist, or if perhaps the solid 
phases are solid solutions of varying degree of poly- 
merization. If the latter possibility is correct, then 
the values given in the paper cited cannot be of general 
utility. They would apply only to the specific samples 
obtained in this study. 


THE STOICHIOMETRY OF “PURE” SALTS 


As has been so aptly stated (64), ‘“‘We now find that 
urany] nitrate is very difficult to reerystallize from water; 
if crystals are obtained by excessive boiling and con- 
centration of an acid-free solution, the product is low 
in the NO;~—/U ratio, and its solution has a compara- 
tively high pH and water activity; conversely, if crys- 
tals are obtained from even a moderately acid solution, 
the product is contaminated with acid, the NO;—/U 
ratio is high, and on redissolution, low values of pH 
and water activity are obtained. . ..” 

Considering the evidence cited on aquo-ion acidity, 
this statement is not surprising. By analogy, recrystal- 
lization of pure NaH,PO, or NazHPO, from pure water 
would not be expected to produce crystals of exactly 
the same stoichiometry as the starting materials be- 
cause of the various phosphate ion-water equilibria in 
solution. Yet, many workers studying aqueous chem- 
istry have reported how carefully they have recrystal- 
lized their salts from water in order to “purify them.” 


In this regard, Sterba-Béhm and Melichar (65) report 
that the composition of scandium formate Sc(HCOO), 
can be varied from three formates per scandium to two 
merely by recrystallizing from water several times. 
The solid Sc salt then contains an average of two for- 
mates and one hydroxide per scandium atom. 

If elevated temperatures or concentration under 
vacuum are employed during crystallization, then basic 
salt formation may be both accelerated and enhanced 
by loss of volatile acid from the solution. For example, 
Wheeler and Haendler (66) have shown that a solid 
with empirical formula Cu(OH)F is obtained on boil- 
ing an aqueous suspension of CuF,-2H,O. These 
workers also note that X-ray powder patterns of various 
samples of partially hydrolyzed CuF, when correlated 
with the A.S.T.M. pattern for supposedly pure CuFy 
2H:0 show that the standard pattern contains lines 
attributable to basic species. This report illustrates 
the difficulty of preparing normal salts of many metals 
and the likelihood that some chemical and physical 
properties found in the literature may reflect errors due 
to uncertain stoichiometry. 

The discussion above tactily assumes that approxi- 
mately correct stoichiometry is readily achieved for 
polyvalent metal salts under proper conditions. Yet 
even this assumption cannot safely be made. There 
are many chemical species (especially the very soluble 
salts such as the polyvalent metal perchlorates) for 
which reasonably stoichiometric proportions are ex- 
tremely difficult to achieve. 

For example, unpublished results of this writer have 
shown that Al,O; or Al may be “dissolved” in much 
less than equivalent quantities of HCl. In fact, per- 
fectly clear solutions can be prepared upon carefil 
manipulation of order of addition of reagents ani of 
concentration from about one mole of HCl per gram 
atom of aluminum metal. 


CONSEQUENCES OF UNKNOWN STOICHIOMETRY 
IN PHYSICOCHEMICAL STUDIES 


Since so many properties of electrolytic solutions are 
dependent on ionic concentrations, and especially on 
{H,0+} and {OH~}, it is surprising that so little atten- 
tion has been directed to the factors discussed above. 
To return to the discrepancies in the data on the pll of 
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aCl, (see Zetterwall data), these pH differences may 
e explained readily by assuming one (or both) samples 
9 consist of partly hydrolyzed CaCl,; that is, to con- 
ain (a(OH)Cl. 

In the case of Sc(ClO,); solutions referred to, the 
fect of slight changes in average composition of solid 
n tle pH of solutions of the material is illustrated in 
able 19. As before, n = mean OH~/Sc**. 

It is obvious that precise data on the acidity of the 
quo-metal ions cannot be obtained unless the stoi- 
hiometry of the salt studied is known with precision. 
Infortunately, even careful analysis of samples for 
oth cation and anion may not lead to data of sufficient 
recision for acidity studies, since then the average 
ydroxyl number is determined by difference. 

With a 3:1 salt such as FeCl;, analysis for cation and 


nion leads to the ratio er and then the hydroxy] 


umber may be written as 3 — TFe*} 


The ratio will 


pflect the uncertainties in both cation and anion anal- 
ses and may lead to relatively large errors in the evalua- 
on of n. This difficulty may best be avoided by 
irect analysis for {OH~-}. However, direct analysis 
f such solutions for {OH~} is difficult since much of 
e hydroxy] (if not essentially all of it) may be coordi- 
ated by metal. 
Special techniques for dealing with this problem have 
een developed recently by both Ahrland (22) and by 
Kilpatrick and Pokras (21). These investigators, 
orking independently, have pointed out the signifi- 
ance of this problem and both have developed essen- 
ally the same method of dealing with it. 
In dealing with solubility-product calculations for 
ightly soluble substances it is generally assumed that 
1e equilibrium of equation (2) applies, and that the 
orresponding equilibrium expression is: 

{[M(H20)a] = Kap (42) 


lowever, thermodynamic and phase-rule considera- 
ons? demonstrate that equation (42) applies only if the 


* For example, even assuming that initially a pure solid phase, 
the well-defined stoichiometry shown in equation (2), is sus- 
ended in water we have as a minimum a two-component sys- 
fm. There are initially three phases (excess solid, solution, 
¥3 a vapor) and substituting in the phase rule (F = C — 
) 
F =2-—3 +2 = 1 degree of freedom 


If the study is made at constant temperature then the state of 
he system is completely defined (there are no degrees of freedom). 
owever, if a second solid phase should appear, substituting in 
he phase rule at constant temperature, we derive the physi- 
blly impossible value F = — 1. 

Such a situation cannot represent an equilibrium state; the 
iscrepancy can be resolved only in two ways. LEither the initial 
blid phase must disappear completely to be replaced by the new 
lid phase, or the two solid phases may form a single solid 
lution. In the latter case P = 3, and F = 0 at constant 
rmperature. However, the solid in equilibrium with solution 
ould still not be that in equations (2) and (implied) in (42). 
onclusion (a) would apply to the system while the new equilib- 
lum was being achieved, and (b) after it had been achieved. 


TABLE 19 
The pH of Partially Hydrolyzed Sc(C10,); Solutions 
Molarity n=0 n=0.1 n = 0.2 
0.1 2.53 2.87 3.06 
0.01 3.08 3.26 3.41 
0.001 3.66 3.76 3.85 


solid species in equilibrium with solution is the pure 
solid shown at the left of equation (2). If any of the 
processes discussed above is of such importance that a 
second solid phase appears then either (a) the system 
will not be at equilibrium or (b) the equilibrium expres- 
sion written does not apply. In either case the simple 
Ks» expression of equation (2) cannot be applied to the 
system. 


THE RATE OF ACHIEVEMENT OF EQUILIBRIUM 


The final phase of this discussion has been “hinted 
at” above several times but not specifically discussed. 
It is found in many, but not all, cases of hydrolytic 
polymerization studied that achievement of true equilib- 
rium in hydrolyzing and complexing systems may be 
exceedingly slow. It is therefore questionable as to 
whether an ordinary titration study can lead to un- 
equivocable data in every case. 

The point is well illustrated in Figure 24, which is 
taken from the data of Lister and McDonald (60). 
The figure presents hydrogen ion activity as a function 
of Zr(IV) molarity in ZrO(NOs3)2 solutions. Curve A 
was obtained on measuring the pH of 200 ml. of water 
within two minutes after each addition of successive 
portions of stock one molar ZrO(NOs3)2 solution. It 
represents about six series of experiments on two dif- 
ferent materials. Curve B was obtained by diluting 
several portions of the same stock solution with water, 
equilibrating for ten days, and then reading pH (which 
was initially about zero for the stock solution.) 

Thus Curve A is typical of the ordinary type of ti- 
tration curve such as is valid when equilibrium is 
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achieved rapidly, as in titrations of strong acids with 
strong bases. Curve B is the type we have described 
as a pointwise titration curve. 
solutions of identical stoichiometry are compared, their 
pH’s are not identical. Furthermore, the authors 
point out that the curves do not coincide even after 
2-3 months of aging. Then, when is equilibrium 
achieved? 

A review of much of the data cited in the present 
paper, with particular attention to this point, will 
demonstrate that many of the equilibria involved are 
reached very slowly if, indeed, at all. The rapidity of 
all ionic reactions is another concept that must be 
viewed with some suspicion in interpreting data on 
aqueous chemistry. 


SUMMARY 


To summarize briefly, we must note that for most 
polyvalent metal ions in aqueous solution chemistry is 
a complicated matter of hydrolysis (acidity), poly- 
merization, and complex formation with even such 
simple species as sulfate, halides, acetate, and nitrate. 
The correct interpretation of such data requires proper 
identification of the species present. The types of 
species discussed in this paper must be considered.* 
Furthermore, the rates of such reactions may be 
much slower than is commonly assumed for ionic reac- 
tions. In several well-substantiated cases, ‘equilibrium 
is not reached in months after solutions are mixed. 
Also, it must be recognized that the stoichiometry of 
salts derived from aqueous solution may be grossly 
different from ideal formulas. For the polyvalent 
metals it should be expected that every sample will 
contain more or less associated hydroxyl. Hence for 
careful physicochemical studies, at the very least analy- 
ses for both cation and anion concentrations must be 
made. 

These phenomena are important in practically all 
phases of the physical chemistry of aqueous solutions. 
To cite only a few: 

(1) In interpreting spectrophotometric data, it is 
probable that every species obeys Beer’s law, if absorb- 
ancies are attributed to the proper species. 

(2) Errors in electrode potentials for metal-ion 
couples may be due, at least in part, to the presence of 
unsuspected complex species. 

(3) Similarly, such species may be responsible for 
previously unallocated polarographic half-wave poten- 
tials. 

3 Note added in proof: Since writing this paper, this author 
has become aware of and has studied in some detail a recent 
book, “Electrolyte Solutions,” by Robinson and Stokes (67). 
This work presents an excellent discussion of the physicochemical 
properties of electrolyte solutions from a viewpoint similar to 
that expressed in this paper. The consequences of our pro- 
posals with respect to activity coefficients and activities, osmotic 
coefficients, conductance data, derivation and application of the 
Debye-Hiickel equation, etc., are discussed quantitatively. This 
book should undoubtedly be studied for further, more quanti- 
tative interpretations of much of the material covered in this 
paper. 


Now, even though’ 


JOURNAL OF CHEMICAL EDUCATION, 


(4) Data on conductance, osmotic coefficients g4) Rosn 
transference numbers, etc., will reflect the same effects, 184 
(5) Recent work on electron-transfer mechanisms) 58 
in aqueous redox reactions by Taube (68) leads him to 66) -.. 
propose that electron transfer may occur by way of 76, 


complex bridges. 67) Rosr 
(6) Other types of kinetic data have been related = 


to the same phenomena. 

(7) The whole question of the application of the 
Debye-Hiickel equation to determination of activity 
coefficients of salts of higher charge type should be re 
considered in the light of the present discussion. Thus 
in the controversy recently initiated by Olsen and §i 
monson (34), these authors propose that the concentra 
tion of oppositely charged ions, rather than the ioni¢ 
strength of the medium, should be considered in dealing 
with specific reaction rates or equilibria involving ion: 
of the same sign. 

These authors employ (in part) data on the hydrolysi 
of the Fe(III) ion to substantiate their conclusions 
(They do not, however, note that Rabinowitch and 
Stockmayer in their much earlier paper on Fe** di 
cuss this point and refer to Brénsted’s still earlier opin 
ions on the matter.) It is possible that part of the 
difficulty in applying the Debye-Hiickel equations te 
such systems is that species of quite different charge 
than those assumed may be present in appreciable con 
centrations. Since charge enters as the second power 
rather large errors might result. This subject has beer 
reviewed critically by Kilpatrick (69). 

(8) Feldman and co-workers (70) at the University 
of Rochester Medical School have recently published§d ue atte 
several papers on complexes of Be++, UQ,.**, etcfscale expe 
obviously as a result of interest in radiation medicinefthe liters 
The application of these concepts to complex formatiomfIt is of in 
(and, for example, to removal of toxic metal specieqover 100 
from the human blood stream) should be obvious. onceded 
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istry. Volume 2,’ G. K. anp R. E. Powe 1, 
Editors, Annual Reviews Inc., Stanford, California, 
1951, pp. 269-71. 

(70) Fevpman, I., J. R. Havitt, anp W. F. Neuman, Arch. 
Biochem. and Biophys., 46, 443 (1953); J. Am. Chem. 
Soc., 76, 4726 (1954). 
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versit 
blished§ 1 HE attention which has been given to the use of small- 
', eteJiscale experimentation in general chemistry is shown in 
dicinefthe literature references of the table (next page). 
matiomglt is of interest to note that it was considered and tried 
speciegover 100 years ago, much earlier than is commonly 
onceded by even ardent supporters of these methods 
for laboratory instruction. It appears that D. R. Reid, 
n giving evidence before the Select Committee on 
Education in Ireland, in 1835, recommended the use of 
small-scale experimentation for science teaching in 
schools. His students obtained a blowpipe, a test tube, 
slips of paper, and broad and narrow strips of glass such 
as the glazier discards. The microscope was used when 
necessary. ‘Tests were performed on paper and on glass 
slides; the latter were also employed for evaporation 
and heating. ‘‘Every school master might provide him- 
self with apparatus sufficient to show thousands of ex- 
periments on a small scale.” 

With the development: of systematic microchemical 
experimentation in Austria by Emich, there were 
sporadic attempts at small-scale experimentation in the 
eaching of general chemistry both at the college and 
high-school levels, though for the most part instruction 
in general chemistry has followed the traditional pat- 
tern. On the other hand, the application of these meth- 
' Presented before the Division of Chemical Education at the 


128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 


3. 


precia 
in Kil 
nthon} 
offered 


m. Soe. 
J. A 


4). 
Soc., 7 


ni. S06 


pects 0 
c., Ne 


Soe! 


n. Act 


Vv 


APPARATUS AND EXPERIMENTS FOR 
SEMIMICRO EXPERIMENTATION IN GENERAL 
CHEMISTRY AT THE COLLEGE AND 
HIGH-SCHOOL LEVELS' 


NICHOLAS D. CHERONIS and 
HERMAN STEIN 
Brooklyn College, Brooklyn, New York 


ods has had notable success in the teaching of inorganic 
qualitative analysis at the college level. Their adoption 
for the teaching of both preparative and qualitative 
organic analysis is increasing. 

The advantages claimed for the use of micromethods 
for teaching have been widely discussed and may be 
summarized as follows: saving time and materials, de- 
veloping superior habits of care, cleanliness, and manip- 
ulative skill in students, and the small initial invest- 
ment for equipment. The last advantage is an ini- 
portant factor favoring the introduction of small-scale 
experimentation in many newly built high schools. 
Smaller breakage and upkeep costs and reduction in 
the seriousness of possible accidents are additional ad- 
vantages. 

The present paper deals with our experience for the 
past several years in general chemistry at Brooklyn 
College with experimental groups for whom the labora- 
tory exercises consisted of small-scale work. The usual 
approach is to adapt conventional experiments to the 
semimicro scale by a reduction in the size of apparatus 
and materials. The approach used in our work was 


slightly different. In a number of cases, a new piece of 
apparatus was tried with the object of improving the 
experiments and increasing their instructional value. 
The economic question as to whether or not the equip- 
ment could be made available by manufacturers received 
secondary consideration. 
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Selected References to Small-scale Experimentation for 
Teaching General Chemistry 


Author Year Reference 
Reid, D. B. 1835 Testimony before Select Com- 
mittee on Education in Ireland 
(Wilson, Mikrochim. Acta, 1, 58 
1953)). 
Emich, F. 1911- Lehrbuch der  Mikrochemie 
30 (Bergman, Wiesbaden) etc. 
Grey, E. 1924 Practical Chemistry by Micro- 
methods (Heffer and Sons, 
Cambridge, England, 1924) 
Hjort and Woodward 1933 Laboratory Directions in Micro 
Inorganic Chemistry (Edwards 
Bros, Ann Arbor, Mich., 
1933). 
Schiller, W. J., and 1938 A Laboratory Manual for High 
Sister M. Lawrence School Chemistry by Semi- 
micro Methods (Welch Mfg. 
Co., Chicago, 1938). 
Schiller and Lawrence 1941 J. Epuc., 18, 543 (1941). 
Schiller, e¢ al. 1945 Chemistry Laboratory and Work- 
book by Semimicro Methods 
(Globe Book Co., New York, 
1945). 
Degering, E. F. 1939 J. CHem. Epuc., 16, 276 (1939). 
Burrows, 1942 Semimicro Laboratory Exercises 
Arthur, and O. M. in General Chemistry (Mac- 
Smith millan Co., New York, 1952); 
J. Epuc., 26, 193 
(1949). 
Weisbrush, F. 1942 Semimicro Laboratory Exercises 
in High School (Heath and Co. 
Boston, 1942). School Sci. 
and Math., 46, 768 (1946). 
F.H.,andA.S. 1949 J. Epuc., 26, 530 (1949). 
rown 
King, W. 1955 Semimicro Experiments in Gen- 
eral Chemistry (Prentice Hall, 
Ine., New York, 1950). 
Bray, W.,W.Latimer, 1950 A course in General Chemistry, 


and R. Powell 


Semimicro Alternate Form 
(Macmillan Co., New York, 
1950). 


DESCRIPTION OF APPARATUS 


New pieces of apparatus were developed for use in 


the experiments described later. 


No originality is 


claimed for the ideas; they were borrowed from every 
possible source. Most came from the work of one of the 
authors in developing micro and semimicro experiments 
for both teaching and research in organic chemistry. 
The two-purpose clamp shown in Figures 2A and 2B 
is an ordinary Bunsen clamp with two arms welded to 
it. It is capable of holding glass tubing of any diameter 


(3-25 mm.) 


Figure 1. 


Combination Pneumatic Trough and Water Bath 


JOURNAL OF CHEMICAL EDUCATIO 


The gas generator shown in Figure 3 is a modified 
Pyrex 8-inch test tube with a side arm. It is suitable 
for the preparation of the common gases. The figure 
also shows a convenient, but not essential, bubble 
which permits the students to see the rate at which the 
gas is generated. The tip of the gas inlet is drawn to 0, 
mm. diameter. 

The combination pneumatic trough and water bath 
is shown diagramatically in Figure 1. It is a round 
metal vessel of galvanized iron and is 85-90 mm. in 
diameter and 75 mm. deep. A metal stand 40 mm. wide 
placed 50 mm. from the bottom has in it three holes of 
5-mm. diameter through which the delivery tube of the 
gas generator can protrude. A removable top with three 
holes of different diameters permits use as a water bath, 

Not illustrated are the student-made spatula and 
deflagration spoon. These are made from a 6-in. lengt 
of iron wire on which an end is either flattened or madé 
into a loop. 


EXPERIMENTS USING SEMIMICRO TECHNIQUES 


The course of experiments which has been developed 
includes small-scale experiments to demonstrate topics 
normally included in a year’s course in general chemis- 
try as well as several inorganic preparations. The two 
described here make use of the small-scale apparatus 
described in the preceding paragraphs. 

Constant Composition of Compounds. This type of 
experiment appears in almost every laboratory manual 
that has been published since 1900. All 32 laboratory 
manuals examined contain one or more experiments 
dealing essentially with the composition of chemical 
compounds. These are designed to illustrate various 
principles such as the law of definite proportions, the 
law of multiple proportions, and the concept of chemical 
formulas and valence. For example, Alexander Smith's 
“Experimental Inorganic Chemistry” which might be 
considered the most widely-used laboratory text in 
general chemistry during the first two decades of this 
century includes experiments on the composition of the 
oxide and sulfide of a metal and the composition of car- 
bon dioxide. The composition of the sulfide of a metal 
is still widely used to illustrate the principle of the con- 
stant composition of compounds. 

The experiment which was developed in the present 
investigation, besides illustrating these principles, is 
aimed to give instruction as far as possible in what is 
considered to be the fundamental rule for small-scale 
work. This rule, stated in its simplest form, is: ‘Uti 
lize small quantities and small apparatus, and avcid 0! 
minimize transfers of material from one vessel to al- 
other.” 

The experiment consists of the following operations: 

(1) Weighing an amount (about 250 mg.) of pure 
silver oxide in a 3-inch test tube. A weighing ring 
(shown in Figures 2A and 2B) made from a piece 0! cop- 
per wire is used to hold the tube on the balance. 

(2) Heating the tube for about 30 seconds in a micro 
flame and testing for oxygen with a glowing splint 
(Figure 2A). 
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(3) Reweighing the tube 
to determine the loss of 
weight and then calculating 
the weight of silver and 
oxygen and the composition 
of silver oxide. The formu- 
la and valence relationship 
can be derived from this. 

(4) Adding asmallamount 
of concentrated nitric acid 
(0.3-0.4 ml. or about 10-12 
drops) to dissolve the silver 
with evolution of brown 
fumes of nitrogen dioxide 
(Figure 2B). 

(5) Precipitation of hy- 
drated silver oxide by addi- 
tion of sodium hydroxide. 

(6) Washing the silver oxide free from sodit 2 and 
nitrate ions? (Figure 2C). 

(7) Drying the oxide and weighing it to determine 
the loss of mass in the cycle of reactions. 

The experiment can be terminated after steps (1), (2), 
and (3) have been completed. The average student re- 
quires about two laboratory periods (four hours) to 
complete the experiment in duplicate. 

In the opinion of the authors, the completion of the 
cycle serves to illustrate the principles of constant com- 
position of compounds and conservation of mass in 
chemical reactions and in addition provides an excellent 
method of training in the techniques of small-scale ex- 
perimentation. The difficulties encountered by begin- 
ners are as follows: 

(1) Overheating the silver oxide. This causes the 
silver to adhere to the glass so that it does not all react 
with the nitric acid. 

(2) Use of a large excess of nitric acid. This requires 
a large volume of sodium hydroxide in the neutraliza- 
tion and precipitation steps. The volume of the tube 
may be exceeded. 
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Figure 2A. Decomposition 
of Silver Oxide—Splint in 
Position to Detect Oxygen 
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of ca (3) Washing the hydrated silver oxide. 
ig Generally the average student obtains good results in 
e con- 


the first step, that is, the composition of the silver oxide. 
However, losses of from two to five per cent or more on 
the first trial are common whereas on the second trial, 
the losses are usually less than two per cent. 

Generation and Collection of Gases by Water Displace- 
ment. The small-scale generation and collection of gases 
isillustrated by a brief description of the generation and 
collection of oxygen with the apparatus shown in Figure 
3. Hydrogen peroxide is used since its decomposition 
; in the presence of a catalyst requires no heat. The time- 
ai1008-§ honored experiment in which oxygen is generated by 
f heaiing potassium chlorate was eliminated for two 
ig TNE reasons—first, the accident factor which is too obvious 


0! 

r * The hydrated silver oxide is washed twice with water. The 
Process involves centrifugation and then removal of the centrif- 
gate by a long capillary pipet. A final washing is made with 
methanol and then the silver oxide is dried in an oven. 
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Figure 2B. Addition of Concen- 
trated Nitric Acid to Dissolve the 
Silver 


Figure 2C. 
lary Pipet with Long Tip into 


Inserting Capil- 


the Tube Containing the 
Precipitated Hydrated Silver 
Oxide in Order to Wash the 
Solid. Note that the Tip of 
the Pipet Should Be Inserted 
About 10 mm. above the Solid 


to require any elaboration, and second, the fact that 
from the authors’ point of view it is easier to explain 
to a beginner the preparation of oxygen from hydrogen 
peroxide than from potassium chlorate. The problem 
is approached by considering the breaking or cleavage of 
bonds and by bringing in at the same time the accelerat- 
ing effect of a catalyst, in this case manganese dioxide. 

Five 3-inch tubes are filled with water and inverted 
in the trough as usual. The generating flask is charged 
with 5-6 ml. of 3 per cent hydrogen peroxide and stop- 
pered with a solid rubber stopper. About 0.5 g. of 
manganese dioxide is added with the stopper of the 
generator flask raised momentarily. The first gas, 
which is mostly air, is allowed to bubble without collec- 
tion. This takes about a minute during which 70-80 
ml. of gas escapes. There is no suction back when the 
gas bubbling stops. When the generation of gas ceases, 
the delivery tube is brought into position. The stopper 
is raised and 5-6 ml. of hydrogen peroxide is added. 
This will generate sufficient oxygen to fill five 3-inch or 
4-inch tubes. A third charge may be necessary when 5- 
inch tubes are used. The samples of gas collected are 
subjected to the traditional tests. The deflagration 
spoon prepared by the student by making a loop at the 
end of iron or copper wire serves admirably for the burn- 
ing of sulfur and phosphorus. 


Figure 3. G bly for Oxygen and Other Gases and 
Collection in Small Tubes by Means of the Combination Trough-Bath 
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How would you go about the design of new ideas for 
school science laboratory activities? How would you 
seek to help high-school teachers overcome the math 
hazards to student success in learning science? How 
would you try to help teachers who wish to encourage 
science students to do projects as stepping stones to 
careers in science? 

One way to tackle these difficult problems of high- 
school science teaching would be ‘“‘the armchair quarter- 
back” approach—sit down and work out some “an- 
swers.” At least one other possibility is the ‘“‘re- 
search-team” approach, in which experienced and 
capable teachers meet in a conference atmosphere with 
the problem and a promising hypothesis clearly in 
focus, and then hammer out suggested guiding prin- 
ciples and good examples. It is the latter plan which 
is being tested as a fruitful avenue to the improvement 
of high-school science teaching. The National Science 
Teachers Association, the Crown Zellerbach Founda- 
tion, and a series of host colleges on the West Coast are 
cooperating in the experiment. Two research-team 
summer conferences for high-school science teachers 
have already been held; the third is scheduled for the 
coming summer. 

The research-team conference idea is very simple: 
(1) a persistent or perplexing problem in science teach- 
ing is identified as the target of a two-weeks summer 
conference; (2) 32 teachers selected on the basis of 
competitive applications are chosen to receive confer- 
ence fellowships; (3) the teachers are assembled on the 
campus cf a leading college or university accessible to 
collegiate, industrial, and governmental research scien- 
tists and activities; (4) with the help of the conference 
directors and through the medium of laboratory visita- 
tions and interviews with scientists, the conference 
“comes up with a report” designed to be stimulating 
and helpful to thousands of other teachers. The con- 
ference Fellows personally gain all the benefits of the 
more conventional science-teachers’ summer confer- 
ence—new information and new ideas, the exchange of 
successful teaching techniques among the group, the 
new enthusiasm that comes from scholarly effort in an 
atmosphere of fellowship and fun. In addition, they 
have the satisfaction that they are serving the pro- 
fession by producing a report beneficial to their col- 
leagues all over the country. 

Target of the first conference in 1954 was “New 
Ideas for School Science Laboratory Activities.” 
This problem was selected because our advisory com- 
mittee agreed that: (1) the solid foundation of good 


RESEARCH-TEAM CONFERENCES FOR 
SCIENCE TEACHERS 


ROBERT H. CARLETON 


National Science Teachers Association, 
Washington, D. C. 


science teaching is laboratory-type activity in which 
students find out by doing; (2) there is altogether too 
much “cookbook activity” in the repertoire of conven- 
tional laboratory work; (3) good examples of problem- 
solving type laboratory activities would be welcomed by 
many teachers who try to help their students have 
more realistic experiences with methods of scientific 
inquiry. 

The 32 teachers selected for the 1954 conference by 
the Future Scientists of America Foundation of NSTA 
assembled at Oregon State College. Acting as a 
research team, these teachers visited and interviewed 
more than 30 research scientists regarding projects in 
progress in their laboratories. Observations of subject 
matter and methods acquired during these interviews 
were given a sharp look from the point of view of the 
years of successful experience represented among the 
teachers. The conference Fellows then poured in 
hours of discussion among themselves and with special 
consultants brought into the conference. The goal 
was to define implications which are within the potential 
of school science laboratories. 

Next, implications were translated into recommenda- 
tions. In turn, all recommendations had to be ex- 
pressed in examples of modified laboratory exercises, 
or where necessary or desirable, in sketches of new-type 
exercises. When the conference turned in its final 
report, there were 18 specific, carefully-worded recom- 
mendations; the group had also produced suggestions 
and directions for 27 new-type laboratory exercises 
suitable for. high-school general science, biology, 
chemistry, and physics. These were published in the 
February, 1955, issue of The Science Teacher of which 
10,000 copies have been distributed reaching at !east 
20,000 readers. 

Apparently satisfied that its dollars had been well 
invested, the Crown Zellerbach Foundation decided to 
sponsor a second West Coast Conference in 1955. 
The hypothesis accepted for exploration was stated this 
way: ‘New exercises emphasizing the use of mathe- 
matics in today’s science will help teachers keep more 
of their capable students on the way toward scientific, 
engineering, and technical careers.” The National 
Council of Teachers of Mathematics joined as a cospon- 
sor of the conference, which was held at San Jose State 
College. Once again the Fellows (this time about equally 
divided between science and mathematics teachers) 
backed up their training and experience by interviews 
with more than 50 research scientists and engineers iD 
33 industrial, government, and university laboratories. 
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These visitations produced a new perspective of the 
ppportunities which await young people today in mathe- 
ativs, science, engineering, and related fields. The 
eacliers saw old scientific principles being used to solve 
new problems, and new principles being explored in the 
hope they would lead to solutions of old problems. 
he team then prepared 15 statements on how they 
hought more boys and girls can receive the kind of 
nstruction which will cause them to continue toward 
science-related careers. More than 100 new science- 
related mathematics exercises were included in the 
final report. Some of these simply put familiar skills 
in a new setting, others involved new adaptations of 


which 
er too 


nven- 
blem- fold skills, and some tried to introduce mathematics or 
ed by science concepts that have not, as yet, appeared in 


extbooks. Once more, the report of the conference 
as been published in the February, 1956, issue of The 
cience Teacher (single copies of a reprint free on 
, request while the supply lasts). 

And come next June 17, the Third West Coast Sum- 
mer Conference for Science Teachers will get under 
vay. This time the target will be: how to improve 
student science projects as stepping stones to careers 
in science. Data will again be gathered by visiting 
research laboratories and interviewing biologists, chem- 
ists, physicists, geologists, engineers, and other scien- 
tists. The teachers will be looking to see and inquire 
how successful scientists identify projects, design lines 
of attack, carry through, and report the results of their 
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efforts. By combining their observations with their 
own experiences, the teachers will then formulate 
promising guiding principles and example projects for 
use by any and all who wish to capitalize on the out- 
comes of the conference. 

The “research-team conference” seems to be catching 
on. As of this writing, another 1956 summer confer- 
ence which will involve similar features has just been 
approved. Designed specifically for teachers of chem- 
istry in a rather limited region of one state, it will be 
cosponsored by the Marathon Corporation and the 
Future Scientists of America Foundation of the 
National Science Teachers Association. Low in cost 
(about $350-$400 per teacher), high in productivity for 
the conference Fellows, and with widely extended 
influence through reporting in The Science Teacher, 
these conferences appear well designed to wring maxi- 
mum mileage out of every dollar invested by business- 
industry sponsors. With 60,000 science teachers in 
the nation’s 28,000 high schools, there is need and 
room for many more such summer opportunities. The 
National Science Teachers Association and its Future 
Scientists of America Foundation—with its resources 
of talent, experience and “know-how,” and its connec- 
tions with both the educational and scientific worlds— 
stands ready, willing, and able to assist any and all 
potential sponsors who may wish to join Crown Zeller- 
bach and Marathon in providing more summer con- 
ferences for science teachers. 
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Guass blowing in the chemistry laboratory requires 
cutting considerable amounts of glass tubing. A file is 
ordinarily used to make the scratch. The results are 
often poor; many pieces splinter to leave jagged edges. 
Most three-cornered files are actually six sided so that 
a broad scratch is made. 

A convenient device to overcome these difficulties 
can be made from an ordinary pair of long-nosed pliers. 
To convert them into a glass cutter, the tips are heated 
and cooled slowly to remove the temper. One tip is 
cut off 14 mm. from the end, and split a distance of 
from 5 to 6 mm. parallel to the direction the pinchers 
operate. A hole is drilled perpendicular to the cut 
through the tip to hold the pin for a cutting wheel. 
The wheel from a regular glass cutter or a wheel ob- 
tained from a chemical supply house is inserted into the 
hack-saw cut and secured in place by a pin driven 
through the hole. 

A round notch, one mm. deep, is filed at a distance of 
about 6 mm. from the wheel. This is useful for holding 
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A CONVENIENT GLASS CUTTER FOR TUBING 


RAY WOODRIFF 
Montana State College, Bozeman, Montana 


pieces of short tubing. A corresponding notch is filed 
in the other jaw. In the jaw opposite the wheel a 
longitudinal groove is ground out so that the wheel and 
jaw do not come in contact when the pliers are closed. 
The tip of this jaw is bent inward to form a shallow V 
groove opposite the wheel. This hook prevents glass 
tubing from slipping out of the pliers while in use. 
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Te National Cooperative Undergraduate Chemical 
Research Program (NaCUR) 


(1) stimulates undergraduate research interests 

(2) determines and collects some data missing from 
the published chemical literature 

(3) enables teachers of small schools to pursue re- 
search programs 

(4) offers industry an opportunity to cooperate 
with colleges in encouraging students to stay 
in chemistry. 


NaCUR enters its ninth year with one project from a 
foreign country listed, number 21 directed by Dr. Y. 
Marcus! of Israel. All but four of the project directors 
are chemistry teachers. 

For the 1956-57 school year NaCUR offers 21 proj- 
ects for student participation. The outline used for 
each project is: 


(a) typical unit assignment 

(b) special equipment needed 

(c) special chemicals needed 

(d) minimum student prerequisite 

(e) name and address of director. 
ANALYTICAL PROJECTS 


1. Quantized Qualitative Analysis: a New Approach to System- 
atic Qualitative Analysis 

(a) Determine the number of milligrams (in solution) of 
each of a group of cations required to give a charac- 
teristic reaction with 1.0 ml. of each of several dif- 
ferent reagent solutions under specified conditions. 

(b) Twenty-four small reagent bottles (30-100 ml.) with 
droppers in the stoppers, or any convenient means 
of counting the drops of solutions used. 


(c) Salts to prepare the cation solutions. Sometimes 
special organic reagents. 
(d) Completion of a course in systematic qualitative 
analysis. 
(e) W. P. Cortelyou, Roosevelt University, Chicago 5, 
Illinois. 
2. The Importance of Some Simple Quantitative Techniques and 
Errors 


(a) Single deflection weighing. 

(b) Usual instruments and equipment needed for gravi- 
metric quantitative analysis. 

(c) Quantitative analysis. 

(e) Ethaline Cortelyou, Department of Chemistry and 


1 Address until June, 1957: The Royal Institute of Technol- 
ogy, Stockholm 70, Sweden. 


NATIONAL COOPERATIVE UNDERGRADUATE 
CHEMICAL RESEARCH PROGRAM 


ETHALINE CORTELYOU 
Armour Research Foundation, Chicago, Illinois 


W. P. CORTELYOU 
Roosevelt University, Chicago, Illinois 


Chemical Engineering, Armour Research Found- 
tion of Illinois Institute of Technology, Chicago If, 
Illinois. 
3. Classification of Cations Based on Qualitative Chromatographic 
Separation by Means of Specific Solvents 
(a) Determine the R; values for a group of cations e 
ploying as solvents specified mixtures of two alec 
hols diluted with (a) water and (b) acetic acid 
Keep temperature, cation concentration, and de 
velopment time constant. 

Sheets and rolls of Whatman filter paper prepared for 
paper chromatography. Wide-mouthed jars or 
bottles, 12-15 inches tall, are useful. 

Salts to prepare cations. Solvent solutions, e. 4, 
acetic acid, sulfuric acid, butanol, isopropanol, and 
other alcohols, if desired. 

General chemistry and some qualitative analysis. 

Sister Mary Alice, Associate Professor of Chemistry, 
Mount St. Mary’s College, Los Angeles 49, Califor- 
nia. 

4. The Development of Quantitative Volumetric Determination of 

Paint Pigment Constituents 

(a) Comparison of five assigned internal indicators for the 
titration of zine. 

(c) Special indicators assigned. 

(d) Quantitative analysis. 

(e) Clovis Adams, The Sherwin-Williams Company, 115th 
Street and Cottage Grove Avenue, Chicago, Illinois. 

5. The Detection of Ions by Differential Diffusion 

(a) To devise methods for detecting the presence of anions 
and cations by their different rates of diffusion in 
gelatinous media, such as concentrated gels of gela- 
tine or polyalcohols. 

(b) Petri dishes, watch glasses, and reagent bottles with 
droppers in the stoppers. 

(c) Salts to prepare ionic solutions and developers; also 
organic reagents. 

(d) General chemistry and qualitative analysis. 

(e) Marvin Antelman, Research Director, Marantes Lab- 
oratories, 7 South Cambridge Avenue, Ventnor 
City, New Jersey. 


(b) 
(c) 


(d) 
(e) 


INORGANIC PROJECTS 


6. Solubilities of Inorganic Sulfamates in Water 
(a) Determination of the solubility of barium sulfam::te in 
water at 20°, 30°, 40°, and 50°C.; includes prepara 
tion and purification of the barium sulfamate. 
Screw-capped bottles of approximately 125-m!. ca 
pacity; suitable shaking device for six or eight bottles 
in a thermostat. 
Reagent grade sulfamic acid. 
(d) Good background in quantitative analysis. 
(e) Sister Agnes Ann, Immaculate Heart College, Lo 
Angeles 2, California. 
7. Solubilities of Inorganic Halides (Other Than Fluorides) in 
Organic Solvents 


(b) 


(c) 


9. 
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Determination of solubility of lithium bromide in n- 
butyl] alcohol at 0°, 25°, and 100°C. 

Constant-temperature bath; screw-capped glass bot- 
tles of approximately 100-125 ml. capacity; shaking 
device. 

None other than good grade solvent and solute. 

One quarter of quantitative analysis or at least be 
pursuing same. 

Kirby E. Jackson, University of Alabama, University, 
Albama. 


(a) 
(b) 
(c) 
(d) 
(e) 


ORGANIC PROJECTS 


8. 


9. 


Condensation of Aminoacetonitrile with Various Ketones to 
Yield the Corresponding Schiff’s Bases 

(b) Usual organic chemical equipment. 

(d) Elementary organic chemistry. 

(e) Edward Ronwin, Department of Chemistry, Mount 

St. Mary’s College, Los Angeles 49, California. 

Preparation and Characterization of Diamides from Methyl- 
ene Bis (4-phenyl isocyanate) and Alkyl or Aryl Bro- 
mides Through the Grignard Reaction: 


12. 


H O 


CH:(< >—N—C—R): + 2MgXCl 

Condensation of the RMgX compounds of three or 
four alkyl or aryl bromides with methylene bis-(4- 
phenyl isocyanate) and subsequent hydrolysis to the 
diamide, methylene bis-(p-acy] aniline). The puri- 
fication of the diamides and determination of 
physical constants. : 

Two-neck, round-bottomed flasks. 

(c) Methylene bis-(4-pheny] isocyanate), alkyl or aryl 
bromides, metallic magnesium for Grignard re- 
agents, dry ether. 

(d) Elementary organic chemistry. 

(e) Roy G. Bossert, Ohio Wesleyan University, Delaware, 

Ohio. 

Preparation and Properties of Acylacenaphthenes 

(a) Preparation and properties of 5-(p-toluyl)-acenaph- 

thene. 

(b) General organic laboratory equipment. 

(c) Acenaphthene, p-toluy] chloride, carbon disulfide, 
hydroxylamine hydrochloride, phenylhydrazine hy- 
drochloride, etc. 

(d) Organic chemistry. 

(e) Edith J. H. Chu, Immaculate Heart College, Los 

Angeles 27, California. 

Characterization of Amines as Salts of Oxalic Acid 

(a) Preparation and crystallization of desired salts and 
determination of melting points of these deriva- 
tives. 

Good standard thermometer. 

Primary amines. 

Two semesters of organic chemistry and preferably a 
course in qualitative organic chemistry. 

(e) Harry Cohen, Roosevelt University, Chicago 5, 

Illinois. 
Preparation of Certain Schiff Bases and Their Reduction with 
Lithium Aluminum Hydride 
(a) Synthesis of octadecylbenzylideneamine and reduction 
(b) 


(a) 


to N-octadecylbenzylamine. 
Three-neck flask, mechanical stirrer, Claisen flask, 
and, for most preparations, a vacuum pump. 


(c) Lithium aluminum hydride. 

(d) Elementary organic chemistry. 

(e) Bertin L. Emling, St. Vincent College, Latrobe, 
Pennsylvania. 


The Reaction of Phenols with Activated Aryl Halides 


The product of phenol, 2,4-dinitrofluorobenzene, and 
a tertiary amine catalyst is isolated and purified. 
The melting point is the physical property sought. 

Ordinary laboratory apparatus. 

A series of phenols and 2,4-dinitrofluorobenzene (East- 
man or Matheson). 

Organic chemistry. 

John D. Reinheimer, The College of Wooster, Wooster, 
Ohio. 


14. Synthesis of Polynuclear Thiophene Compounds 
(a) Synthesis of 2,5-dimethylbenzothiophene. 
(b) Standard organic equipment, such as vacuum pump, 
chemical stirrer, and three-neck flask. 
(c) p-Thiocresol, lithium metal, chloroacetaldehyde, di- 
ethylacetal, and dimethy! sulfate. 
(d) Organic chemistry. 
(e) F.G. Bordwell, Chemistry Department, Northwestern 
University, Evanston, Illinois. 
15. The Characterization of Phenols as Their 2,4- and 8,4-Di- 
chlorobenzoates 
(a) Preparation and purification of the various pheny! 
esters of 2,4- and/or 3,4-dichlorobenzoic acid by 
esterification of the phenols with the dichloro- 
benzoy! chlorides. 
(b) General organic laboratory equipment including an 
accurately calibrated 360°C. thermometer. 
(c) 2,4- and/or 3,4-dichlorobenzoy! chlorides (Eastman), 
a series of phenols, anhydrous pyridine, methanol, 
and ethanol. 
(d) Elementary organic chemistry and a prior or concur- 
rent course in qualitative organic analysis. 
(e) Robert G. Johnson, Xavier University, Cincinnati 7, 
Ohio. 
16. Synthesis of Bromohydrins 
(a) Reaction of olefins with N-bromosuccinimide in water. 
(b) Three-neck flask, stirrer, and, in some instances, a 
means to reduce pressure during distillations. 
(c) Olefins and N-bromosuccinimide. 
(d) Organic chemistry. 
(e) Cyrus O. Guss, Department of Chemistry, Colorado 
A. and M. College, Ft. Collins, Colorado. 
17. Preparation and Characterization of Substituted Diaryl 
Thioureas 
(a) Preparation and identification of diary] thioureas, 
with a substituent (Cl, Br, NO., CH;, OH, etc.), on 
both or only one pheny! nucleus in different posi- 
tions (0, m, or p). 
(b) General organic laboratory equipment. 
(c) Aryl amines, ary] isothiocyanates, carbon bisulfide, 
and common organic solvents. 
(d) Completion of course in organic chemistry and quan- 
titative analysis. 
(e) J. F. Deck, University of Santa Clara, Santa Clara, 
California. 
PHYSICAL PROJECTS 
18. Determination of Refractive Indexes of Binary Liquid Miz- 
tures at Various Concentrations and Various Tempera- 
tures 
(a) Determination of refractive indexes of dioxane-ethyl- 
ene glycol solutions of various concentrations at 
some given temperature. 
(b) Good refractometer, constant-temperature water bath, 
circulating pump. 
(c) The liquids to be used. 
(d) Elementary quantitative analysis and elementary 
organic chemistry. 
(e) R. I. Rush, Centre College, Danville, Kentucky. 
19. Determination of the Reliability of Ideal Laws in Typical 


Practical Circumstances 
(a) Determination of the molecular weight of naphthalene 


= 
(c) 
(d) 
(e) 
| 
ll 
i 


from its freezing point depression in benzene at 
several concentrations to observe departure from 


ideality as a function of concentration. 
(d) Physical chemistry. 
(e) Nathan Yagol, Roosevelt University, Chicago 5, 
Illinois. 
20. Chemical Means of Cleaning Ultramicro Pipets 


(e) George F. Hand, State Microscopical Society of [l- 


linois, 7512 Olcott Avenue, Hammond, Indiana. 
21. Anion-exchange Constants for Thiocyanate Complexes 

(a) Determine the distribution of a given metal between 
an anion-exchange resin and an aqueous solution, 
containing a constant concentration of the metal 
(or thiocyanate), and varying concentrations of the 
thiocyanate (or the metal), when a certain weight 
of resin is shaken with a certain volume of the 
aqueous solution. 

(b) Shaking machine, flasks with ground glass stoppers, 
usual quantitative analytical equipment (a colori- 
meter is helpful). 

(c) Anion-exchange resin, Dowex-1, 100-200 mesh, X-10. 

(d) Quantitative analysis and, concurrent with research, 
physical chemistry. 

(e) Y. Marcus, Weizman Institute of Science, Rechovot, 
Israel. 


Each of the 21 National Project Directors directs the 
research on his project by issuing an assignment to each 
student participant through the student’s teacher, a 
Local Project Director. Any teacher having a student 
interested in a particular project should write directly 
to the National Project Director for an assignment. 

Each project is subdivided into assignments, or re- 
search units; each assignment usually requires about 
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50 hours of work for completion of any library seareh 
needed, the laboratory work, and a research report. 


' Ordinarily the same assignment is made to two or mor 


students, independent of and unknown to each other, 
in different schools. Each student works under the 
direct supervision of his own teacher. When a teacher 
decides a student has completed an assignment, he 
supervises the preparation of a research report to be 
submitted to the National Project Director. 

Each National Project Director sets his own criteria 
for accepting or rejecting a report; often acceptance is 
based upon the checking of results obtained by two or 
more students. A Certificate of Acceptance is awarded 
to each student submitting an acceptable report. Each 
certificate is signed by the student’s teacher, the Na- 
tional Project Director, and the president and secre- 
tary of Handbook Publishers, Inc., which furnishes the 
certificates. 

Suitable data may be selected for publication in the 
“Handbook of Chemistry.”” A National Project Direc- 
tor may publish data obtained on one or more assign- 
ments as a paper, giving full credit to participating 
students, teachers, and schools. 

Any teacher or industrial chemist interested in direct- 
ing a new project should write to one of the authors as 
soon as possible, since a project is listed under the di- 
rection of the first person to request it. An outline ofa 
project for the 1957-58 school term must be sent to 
one of the authors by January 10, 1957. 


e CONDUCTIVITY WATER PREPARATION 


ReEcENTLy at our laboratory it was necessary to ob- 
tain conductivity water. We found that by redistilling 
our ordinary laboratory distilled water from alkaline 
permanganate in a block-tin conductivity still we con- 
sistently obtained a product of pH 5.5-5.7 due to the 
equilibrium solubility of atmospheric carbon dioxide. 
We found that boiling this water and subsequently 
cooling it under an inert atmosphere such as purified 
hydrogen or nitrogen did not completely free it of dis- 
solved CO, as indicated by a pH of 5.8-6.2. Dissolved 
carbon dioxide may be effectively removed by purging 
the water with CO,-free air for several hours. Water 
treated in this manner was found to exhibit a pH of 
7.9-8.1 at 25°C., its basicity being due to the presence 
of traces of ammonia which are not completely de- 


1 Present address: Parker Rust Proof Co., Detroit, Michigan. 


KARL H. GAYER and LEO WOONTNER' 
Wayne University, Detroit, Michigan 


stroyed or are retained in the distillation of conductivity 
water from alkaline permanganate.? In order to ob- 
tain water which consistently exhibited a neutral re- 
action, it was necessary to redistill the conductivity 
water from a very dilute solution of a nonvolatile «cid 
which forms a stable ammonium salt. 

Conductivity water was prepared by distilling ordi- 
nary distilled water from alkaline permanganate solu- 
tion in the conductivity still. This product was then 
transferred together with from three to five drops of 
H.SO, to a three-liter all-Pyrex glass still and redisti!led 
under CO.-free nitrogen. Finally the water was flushed 
with purified hydrogen. This product consistently had 
a pH of 6.9-7.2 at 25°C. 


2 Cranston, J. A., AND H. F. Brown, Trans. Faraday 5oc., 
33, 1455 (1937). 
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Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


Ty San Francisco, every Wednesday night at 7:30, 
Bay Area TV viewers are shown some of the mysteries 
and delights of chemistry, thanks to the efforts of the 
Northern California Section of the A. C. S. and educa- 
tional TV station KQED. A program, called ‘“Tem- 
pest in a Test Tube,” is jointly sponsored by these two 
organizations and is receiving the acclaim and attention 
of a wide number of viewers. 

The program came into being after lengthy ground 
work by the A. C. 8. radio and television committee 
organized a detailed program for this nonprofit station. 
This seemed to dovetail into the idea the A. C. 8. had 
been wanting to try for some time: to stimulate the 
interest of teen-aged students in chemistry and the 
allied sciences and present chemistry to that vast 
audience which is only vaguely aware of the sciences’ 
existence. 

In May of 1954, a trial program was broadcast with 
Dr. D. B. Luten but not continued because the station 
was operating more or less sporadically at that time. 
The real start for “Tempest” came on August 24, 1955, 
when the first of 13 scheduled telecasts was made.! 

The initial programs were inspired by Michael Fara- 
day’s famous Chemical History of a Candle lectures, 
lectures he used to awaken an interest in chemistry in 
the teen-aged children of his day. In these lectures, 
which started with the lighting of a candle, Faraday 
developed the basic principles of chemistry and physics. 
And so it was, with Faraday more or less looking over 
their shoulders, the committee started their first pro- 
gram called Chemistry by Candlelight. 

The committee was faced with several problems. It 
had to keep the lectures entertaining and simple. 
Entertainment value came first since this is not a 
captive audience such as a class in a lecture hall or 
laboratory. The basic outline for the 13 programs had 


‘The members of the working committee were: Stanley 
Abrams, Hans Benesi, Harris Carter, Stanley Cosgroove, William 
Eisenlord, Charles Greene, Vincent Guinn, Harold Lundgren, 
Alan Nixon, Harry Sello, and Paul Williams, chairman. 


TEMPEST IN A TEST TUBE 


WILLIAM J. EISENLORD 
Shell Development Company, Emeryville, California 


to be worked out and approved. A working committee 
had to be organized and put into operation. The staff 
of KQED had to be consulted and program and produc- 
tion problems worked out with them. These problems 
proved to be less knotty than anticipated; even the 
student cameramen made up in enthusiasm what they 
lacked in experience. Dr. Harry Sello (pictured before 
the TV camera) was finally selected as lecturer-demon- 
strator. He is a research chemist who has done lectur- 
ing and is further qualified by having had experience in 
amateur and professional theatrics. 

A working outline of subject matter was chosen with 
the idea of presenting a complete course in chemistry, 
and the work on experiments began. Experiments 
were chosen for their entertainment value, effectiveness 
when photographed, and adaptability to the subject at 
hand. They were taken from many sources.’ 

It may be of interest and help to prospective program 
organizers to mention a few of the experiments which 
were particularly effective. To illustrate capillary 
action, a mound of salt in a glass dish was used with ink 
as the liquid. To show how hot air rises, two asbestos 
cups, balanced at the ends of a yardstick, were used. 
Holding the flame under one cup caused that oné to 
rise. The old stand-by, a collapsing can, was used to 
help demonstrate the lecture on Freezing, Melting, and 
Boiling. Also, the expansion of freezing water was 
shown by filling a short piece of pipe with water and 
sealing both ends. This was then placed in a bath of 
dry ice until the pipe split. The electrolysis of water 
and use of the oxygen and a glowing splint were excel- 
lent experiments. To show chemical and physical 
change, AgNO; and HCl gave a precipitate and the 


2 Some of the most helpful were: 

(1) Artaur, “Lecture Demonstrations in General 
Science,’’ McGraw-Hill Book Company, Inc., New York, 1939. 
(2) Swezey, K. M., ‘‘After Dinner Science,’”’ Whittlesey House, 
New York, 1948. 

(3) Davison, H. F., “A Collection of Chemical Lecture Ex- 
periments,’’ Chemical Catalogue Company, New York, 1926. 

(4) Derrick, J. O., J. Cuem. Epuc., 27, 562 (1950). 


297 


pyrolysis of sugar formed water. One lecture, House- 
hold Chemistry, attained the greatest audience 
reaction. Showing how silver can be cleaned in a solu- 
tion of washing soda and water in an aluminum pan 
worked very well here. The chemistry of cooking and 
baking, which are everyday experiences for most 
people, had that universal touch that is vital to the 
program’s success. 

Each member of the committee is responsible for a 
program on a rotating basis. He must select the experi- 
ments, assemble the equipment, make sure that each 
experiment works, and rehearse them with the lecturer- 
demonstrator. The first can be done during off-work 
hours, the remainder is done during work-day lunch 
hours. For these reasons, the committee found it best 
to locate as many of its members as possible in one place 
of employment. The present group, with two excep- 
tions, is associated with Shell Development Company 
at Emeryville, California. However, it is planned to 
shift the program responsibility to another group, 
either industrial or academic, with enough overlap to 
allow for continuity. 

A similar program could be equally effective in most 
any area where a TV audience is available. The pur- 
pose in the Bay Area was partly to help encourage more 
young people to enter careers in science. The A. C.S. 
was especially concerned about the decreasing percen- 
tages of scientists among college graduates during a 
time when the need for scientists is increasing tremen- 
dously. There are several main ingredients, however, 
that such a program must have: willingness of the 
sponsors to give hard, creative work; simple photo- 
graphable experiments; and an inexhaustable sense 
humor. The best-planned and most meticu- 


JOURNAL OF CHEMICAL EDUCATION OLUME 


lously organized production can get out of hand if the Megu!t pe 
lecturer-demonstrator is not always at ease and has peen ma 


‘ not the ability to explain why reactions and experiments ptudents, 
do not work. the stt 
The first thing to go wrong on “Tempest”’ was the gion Vivi: 
pesky way the Bunsen burner conducted itself. Dr, porated t 
Sello had just explained how the burner worked and or the pr 
what an excellent and necessary piece of laboratory phe 4. C. 
equipment it is. When he applied the match, flames third is 
shot out of the sides, around the bottom, and at every § Le:ture 
opening except the top. This injected a light note into §!) Chen 
the lecture. While he made quick adjustments, he f8) Comt 
explained how the burner is manufactured to operate Boiling, | 
at a given pressure and that the pressure in the portable al and C 
tank was far above that required. This was the first Biaries, (1 
“catastrophe” the show had and pointed up the {!3) Hou: 
importance of being able to recover rapidly when things § Lecture 
do not go exactly right. 1) Indus 

At another time, Dr. Sello was doing an experiment 
with sodium chlorate to show how a burning taper glows 
in the presence of oxygen. He had described at some 
length the bright glow to be expected. With nervous 
hands he placed the burning taper in the test tube. It 
went out. Again he tried. Again it went out. Then, 
starting from the very beginning, he went on to explain 
that there was a certain amount of water inside the 
test tube, condensed in the few moments since the 
program had started. He explained further that the 
heat applied had generated more steam than oxygen. 

Hence, the flaming taper went out rather than glowing 
nicely as he had described. 

Response to ““Tempest”’ could not be more gratifying. Bayonet} 
Schools, as well as individual teachers, have asked for §., Fren 
outlines of the series with the purpose of making it a Bq Clap 
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if the eguir part of the classroom activities. Outlines have 
d has een made available to everyone requesting them. 
ments (ptudents, teachers, and interested people are allowed 

the studio in limited numbers. The Adult Educa- 
ion Division of the San Jose School District has incor- 


4 hy oraied the show into its curriculum. KQED asked 
1 and or the program to be continued for a second series and 
‘atory phe A. C. S. section gladly complied. At this writing, 
James @ third is being planned by a new group. 

every § Lecture subjects outlined for the first series were: 
e into @!) Chemistry by Candlelight, (2) Fire and Flame, 


3) Combustion Products, (4) Freezing, Melting, and 
Boiling, (5-6) Oxygen, (7-8) Liquid Air, (9) Physi- 


erate 
rtable eal and Chemical Change, (10) Chemical Fire—Incen- 
> first @iaries, (11) Catalysts, (12) Electricity from Chemicals, 


13) Household Chemistry. 
Lecture subjects outlined for the second series were: 
1) Industry Uses Chemistry, (2) Elements and Com- 


pounds, (3-4) Atoms and Molecules, (5) Radioactivity, 
(6) Chemical Conductors of Electricity, (7) Acids, Bases, 
and Salts, (8) Dissolving Gases, Liquids, and Solids, (9) 
Crystals and Glass, (10) Chemical Clock Reactions, (11) 
Carbon Chemistry, (12) Polymers and Plastics, (13) 
Chemical Hall of Fame. 

[PSACT Eprror’s note: In corresponding with 
Donald S. Noyce, Assistant Dean of the College of 
Chemistry of the University of California, mention was 
made by him of the fine TV program sponsored by the 
California Section of the A. C. 8. It was suggested 
that contact be made with Dr. Fred Stross of the Shell 
Development Company in Emeryville for a story on the 
series, since Dr. Stross is chairman of the TV-radio 
committee of the California Section of the A. C. S. 
We are pleased to acknowledge the work of Mr. W. J. 
Eisenlord, a member of this committee who prepared 
the above report. | 
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imona the founders of the science of thermodynamics 
wo Frenchmen occupy a prominent place, viz., Carnot 
nd Clapeyron, both former students of the famous 
cole Polytechnique, founded in 1794. This school 
wes its pre-eminent position to the fact that the 
humber of entering students is limited to 250, chosen 
rom over 1000 applicants from the best secondary 
chools in France. The curriculum extends over two 
ears after which the graduates continue their studies 
n their chosen special fields. 

Benoit Pierre Emile Clapeyron, a native of Paris, 
vas born on February 26, 1799. He entered the Ecole 
Polytechnique in 1816, four years after Carnot. Finish- 
g his studies in 1818, he became a mining engineering 
student at the School of Mines and was graduated in 
820. The Russian government at that time was 
stablishing a new school for public-works instruction 
nd had asked for French engineers as instructors. 
lapeyron and his friend Lamé, also a graduate of the 
School of Mines, were chosen and for ten years they 
‘aught pure and applied mathematics in Petrograd. 
rhe revolution of 1830 put a sudden stop to a success- 
ul career in Russia and Clapeyron returned to Paris, 
tt the time when George Stephenson with his locomotive 
The Rocket’? opened up the prospects for railroad 
tansportation on both sides of the Atlantic. Clapey- 


EMILE CLAPEYRON (1799-1864) 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


ron drew up the plans for the first railroad from Paris 
to Saint Germain and applied his talents to the design 
of locomotives. 

His later prominent role as a builder of railroads and 
bridges did not detract from his activities as a scientist 
and teacher. He was elected a member of the Academy 
of Sciences in 1858, occupying the seat of another 
famous alumnus of the Beole Polytechnique, viz., 
Cauchy. For over 15 years (1849-64) he taught the 
course on steam engines at the Ecole des Ponts in Paris. 
Early in his railroad career, when looking for a relation 
between power production and coal consumption, 
Clapeyron came across Carnot’s 60-page brochure, 
“Reflexions sur la puissance motrice du feu,” published 
in 1824. This was a revelation to Clapeyron and led 
to the publication in 1834 of his “Mémoire sur la 
puissance motrice de la chaleur’ in which he first de- 
veloped the graphical methods of cyclical processes, 
resulting in the well-known equation that bears his 
name: 

dP AH 

dT ~ T(V2— Vi) 

This equation was first published in the Journal de 
V’Ecole Polytechnique [18, 170 (1834)] and later also 
appeared in the Annales de Physique [(2) 59, 446 
(1843) ]. Clapeyron died on January 28, 1864. 
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Tue problem of introducing nuclear physics into ele- 
mentary courses in chemistry has arisen because of the 
impossibility of avoiding such topics as radioactivity, 
fission of uranium, nuclear reactors, atomic power, or 
hydrogen bombs. It is necessary to integrate these 
modern topics into the elementary course without dis- 
turbing too drastically the traditional chemical content 
because the course still has to serve as preparation for 
later courses in chemistry. It is the purpose of this 
review to show how the concept of mass-energy equiva- 
lence may be introduced while retaining a chemical 
tinge to the subject. The meaning of the Einstein 
equation, E = mc?, might seem to be beyond the scope 
of the elementary chemistry course, particularly in the 
secondary school, but one cannot dodge its implica- 
tions. Fortunately, with only a slight extension of the 
knowledge the student already possesses, it is not diffi- 
cult to demonstrate the applicability of this important 
principle. It is not necessary to go far afield into nu- 
clear physics. It can be done by referring only to 
atomic weights. 

When it comes time to talk about atomic power, 
nuclear reactors, fission bombs, and the origin of solar 
energy, the student has already learned quite a lot about 
atoms. He will have some ideas about the electronic 
configuration of atoms and the origin of the chemical 
bond. The nucleus has been described to him as an 
extraordinarily small, phenomenally dense, highly 
charged, mysterious speck which contains protons and 
neutrons. He knows that the atomic number is the 
number of protons and that the mass number is the sum 
of the number of protons and neutrons. He is familiar 
with the concept of isotopes, particularly those of 
hydrogen and uranium. He does not know enough, 
however, about the masses of atomic nuclei. Up to 
this point, he has been permitted to use atomic weights 


TEACHING MASS-ENERGY EQUIVALENCE’ 


LAURENCE S. FOSTER 
Ordnance Materials Research Office, 
Watertown Arsenal, Watertown, Massachusetts 


having only three significant figures at most—exact 


arithmetic has properly been sacrificed to emphasize 
principles. My suggestion now is that by increasing 
his awareness of the accuracy to which the masses of 
atoms are known,”* one can introduce concepts of 
atomic energy without using any new ideas or difficult 
words. 

Mass (weight) is something the student understands 
intuitively. Atomic weights are a part of the chemistry 
course. The idea of loss in mass and the equivalent 
appearance of energy is a simple extension of earlier 
ideas. The approach is one that can be made histori- 
cally as well, which has certain pedagogic advantages. 
Before delving into the mass-energy equivalence con- 
version, however, it is necessary for the teacher to 
clarify in his own mind the units in which the changes 
in mass and in energy will be expressed. 

Unit of Mass. It is unfortunate that two scales for 
atomic masses are now in common use. Most of the 
tables of isotopic masses present the data in terms of the 
physical atomic mass unit (AMU) or mass unit (MU), 
that is based on a scale for which the weight of the 
oxygen isotope, O'*, is 16.00000. Chemists, on the 
other hand, still use atomic weights based on a scale 
for which the weighted average of the three oxygen 
isotopes, and O'8, is given as the whole numibet 
16 (printed in bold face type in the latest International 
Atomic Weight Table). In 1950, the American Chem 
cal Society officially adopted the word avogram for the 
unit of mass on the chemical atomic-weight scale. It 
bas a value of one gram divided by the value of Avo 
gadro’s number on the chemical scale, 6.020402 x 0”. 
(Note that on the physical scale, the value of Avogaciro’s 
number is 6.02566 xX 10?%).4 The conversion factor 
between the two atomic-weight scales, based on the 
relative abundances of the three oxygen isotopes, is 


1 Abstract of a talk presented at the Seventeenth Summer Con- 
ference of the NEACT, Tufts University, Medford, Massachu- 
setts, August 18, 1955. ‘ 


2 Nrer, A. O., Science, 121, 737 (1955). 
3’ Matraucu, J., Science, 121, 745 (1955). 
4 BEARDEN, J. A., AND H. M. Watts, Phys. Rev., 81, 73 (1:51): 
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such that one atomic mass unit is equal to 1.000272 
qograms. 

Unit of Energy. To simplify the mathematics still 
further it is helpful to substitute the energy unit million 
lectron volts (Mev.) or ergs. Since: 


m = lavogram = 1.66 X 10-*g. 
c = 3 X 10!° cm./sec. 


for one avogram of mass the Einstein equation becomes: 


E m X c? 
1.66 X 10~** X (3 X 10"°)* ergs 
14.94 X 10-4 ergs 

The electron-volt (ev.) is the unit of energy corre- 
ponding to the kinetic energy gained by one electron, 
having a charge of 16 X 10~-*° coulombs, falling through 
a potential difference of one volt. 


1 volt X 16 X 10~?° coulombs 
16 X joules 
16 X 107-8 ergs 
If we use ev. units instead of ergs in the Einstein 
equation, for a mass change of one avogram, it becomes: 


(14.94 X 10~*) ergs 


ev. 


—exact 
phasize (16 X 10-!%) ergs/ev. 

reasing = 931 X 10% ev. 

sses of = 931 Mev. 

pts off By expressing chemical atomic weights with a suffi- 
lifficultfcient number of significant figures and using the unit 


avogram for the actual isotopic masses (and never men- 
tioning physical atomic weights), it is possible to pre- 
sent to the beginning student in a simple but accurate 
manner the experimental evidence that confirms the 
validity of the Einstein equation. 

What became the first laboratory proof of Einstein’s 
law started as an experiment of Cockcroft and Walton 
in 1932.6 They constructed a linear accelerator and 
bombarded lithium by 
means of protons having 
energies up to 0.7 Mev. 
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MASS OF INDIVIDUAL NUCLEON — AVOGRAMS 
: 


to show the masses of the colliding particles (nuclei) 
with the accuracy of seven significant figures to which 
they are known from mass spectroscopic data.** 


3Li 7 1 H 1 — 2. He 4 E 
7.016255 1.007873 2(4.002760) 17.32 Mev. 
avograms avograms or 8.005520 

8.024128 


avograms 
8.024128 avograms before collision 
8.005520 avograms after collision 


0.018608 avograms loss in mass 


From the energy gain we may compute the equivalent 
mass loss: 


m (avograms) X 931 


E (Mev.) = 
= 0.0186 avogram 


17.32 Mev. 
The calculated loss in mass agrees well with observed 
difference. 

Additional examples are available in the literature, 
but invariably expressed in the physical mass unit.’ 
It is necessary to convert the values to avograms before 
presenting them to beginners in chemistry if confusion 
is to be avoided. 

Changes in Mass of Nucleons. We may use similar 
calculations to explain the energy release in the fission 
of uranium-235 and the fusion of hydrogen to form 
helium. Again it is necessary to use isotopic masses 
known to six or seven significant figures. The protons 
and neutrons in atomic nuclei are called nucleons. The 
mass of an average nucleon in an atomic nucleus can 
easily be calculated by dividing the mass of the nucleus 
in avograms by the number of nucleons. For example, 
the actual mass of the U-235 atom, as determined in a 


7 Humpueies, R. F., AND RoBerT BERINGER, “First Principles 
of Atomic Physics,” Harper & Bros., New York, 1950, Chap. 27, 
especially Pars, 27.2-27.5. 
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Changes in Mass of Nucleons in Atomic Nuclei with Increasing Atomic Number 
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mass spectrograph, is 235.0601 avograms. Each electron 
weighs 0.00055 avogram. Subtracting the mass of the 


avograms. Thus, each of the 235 nucleons has on the 
average a mass of 235.0096/235 = 1.00004 avograms. 
The figure® presents the results of similar calculations 
that show the variations in average mass of the nu- 
cleons for all the elements from 1 to 92. The mass of 
the nucleon is less than 1.00000 in the middle of the 
plot, but is greater than 1.00000 at both ends. When 
fission of. U-235 occurs to form elements of about half 
the atomic number, the nucleons each lose mass; this 
slight loss in mass appears as tremendous amounts of 
energy, in accordance with the Einstein equation. 
Typical ultimate products of fission are the stable 
atoms 42Mo" and 57La!*®. The masses of their nucleons 
are 0.998926 and 0.999168 respectively, or an average 
of 0.999047. Subtracting this from the mass of the 
U-235 nucleon (1.000040 — 0.999047), the net loss 
in mass is 0.000993 avograms per nucleon. Multiply- 
ing by 931 to convert to Mev. units, the result is 0.924 
Mev. per nucleon, or 217 Mev. per atom of U-235. 
The average amount of energy released on fission of 
U-235 corresponds to 0.85 Mev. per nucleon or 200 
Mev. per atom. This value can be read approximately 
from the figure because in this plot the mass of the 
nucleon can be read to five significant figures. Simi- 
larly, it is possible to compute the energy released in 
the fusion of hydrogen to form helium: 


92 electrons, the U-235 nucleus has a mass of 235.0096" 
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1.007305 avograms 
2He* nucleon = 1.000417 avograms 
Loss in mass 0.006888 avogram 
0.006888 xX 931 = 6.413 Mev. per nucleon, or 25, 
Mev. per He atom formed. 
The energy released by several other possible fusigy 
reactions are:? 


1H! nucleon = 


e atom, Mev. 
= + = 24.9 
+ = 20.0 
1H? + 'H3 = oHe*t + on! 17.8 
i = e : 
+ = 2,Het 22 6 
3Li® -- ,H3 = 2.He* on! 16.4 
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To the Editor: 
Recently Singh and Ebbing discussed the Le Chatelier 
theorem from an algebraic standpoint (THIs JouRNAL, 
33, 34 (1956)). Their argument is rather involved and 
I wish to point out a simpler method for illustrating the 
Le Chatelier theorem. 

Suppressing the subscripts in Singh and Ebbing’s 
equation (2), we obtain 

Umma! +m Pr 

— Nv 


Ke(T) = (2) 


where vy = 1+m—a-—b, the increase in number of 


9Sneep, M. C., J. L. Maynarp, AND R. C. Brasren, ‘Con- 
prehensive Inorganic Chemistry,’’ Vol. 1, D. Van Nostrand Co, 
Inc.. New York, 1953, p. 129. 


moles accompanying one unit of reaction. This equa 
tion expresses x, the extent of reaction at equilibrium, 
as an implicit function of pressure and temperature. 
To determine how x changes with pressure one needs 
only to examine the sign of the derivative, (Ox/OP),. 

Rearranging equation (2) and taking logarithms, we 
obtain 


a +b 
Pr = rKp(7) 
a*b? 
where r= Imm constant numerical ratio. 
m 
vin P = In [rKp(T)] + (a + In(1 — 
(l+m)Inz+yvInN (2 
Differentiating: 
"\ Jr N 


Multiplying out and simplifying yields the result: 


_ (a+b) (1 +m) 
oe Jr —2z) 


or 
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ox — 
very quantity contained in the bracket on the right 
side of equation (3) is positive. Thus, the sign of the 
derivative is determined by the sign of v. If v is 
positive, 7. e., if there is an increase in the number of 
noles of gases during the reaction, then (07/d0P), 
is negative, which is to say that an increase in pressure 
will decrease the extent of reaction at equilibrium. 
If v is negative, then (0x/OP), is positive and an in- 
‘rease in pressure will increase the extent of reaction at 
equilibrium. An additional advantage of this argument 
over that of Singh and Ebbing is that both cases, 7. e., v 
is positive or negative, are covered at once. 

By differentiating equation (2a) with respect to 
emperature at constant pressure, the temperature de- 
pendence of x is obtained. 


_dinKp (a +b) (l+m) (dr 
— x)N oT] p 


0 


Since 


dinKp _ AH 
dT 
then 
— 2)N 


Ox 
Again the quantities in the bracket are all positive and 
the sign of the derivative depends on the sign of AH. 
If the reaction is endothermic, AH is positive and the 
extent of reaction at equilibrium increases with an 
increase in temperature. An exothermic reaction has 
a negative AH; consequently the extent of reaction at 
equilibrium decreases with an increase in temperature. 

This method is given in general form by Prigogine 
and Defay (‘‘Treatise on Thermodynamics,” Vol. 1 
(translated by D. H. Everett), Longmans, Green and 
Co., London, 1954, p. 270 ff.). 


GILBERT W. CASTELLAN 


Tue UNIVERSITY OF AMERICA 
Wasuineton, D. C 
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CHEMICAL PROPERTIES OF ORGANIC COM- 
POUNDS: AN INTRODUCTION 


Elliot N. Marvell and Albert V. Logan, Professors of Chem- 
istry, Oregon State College. John Wiley & Sons, Inc., New York, 
1955. x + 326pp. Figs. and tables. 15.5 23.5cm. $4.75. 


Tuis small introductory text is intended for students in a one- 
semester terminal course. The authors take the student through 
monofunctional compounds before presenting aromatic or poly- 
functional compounds. The choice of material seems good, in the 
framework of brevity, and it is well handled. The style is read- 
able and the book is profusely illustrated. The equations are 
largely of the “condensed” or “structural” variety. The re- 
viewer feels that this is unfortunate because he strongly prefers 
the “graphic” formulas in equations, particularly during the first 
part of the course. Modern electronic mechanisms are used very 
sparingly, but perhaps adequately for the brief course. There is 
a chapter on Petroleum, one on Insecticides and Herbicides, and 
one on Synthetic Polymers. The six-chapter section on The 
Biological Compounds deals with stereoisomerism, the lipids; 
carbohydrates and proteins, and their metabolism. The mate- 
tial is distributed as follows: Introduction, 7 per cent; Aliphatic 
Compounds, 37 per cent; Aromatic Compounds, 26 per cent; 
Biological Compounds, 25 per cent; Index, 5 per cent. The 
publishers have done their usual good work in the printing and 
binding. The pages are attractive in appearance, but much space 
has heen devoted to “non-text”? material. Fifty-nine pages (or 
more) are used in questions and exercises, whole and fractional 
pages of charts, pictures, and diagrams, blank pages, and index. 
No tables of physical constants for reference were noted. 


JOHN W. CHITTUM 
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MEDICAL RESEARCH: A MIDCENTURY SURVEY. 
VOLUME 1: AMERICAN MEDICAL RESEARCH—IN 
PRINCIPLE AND PRACTICE. VOLUME 2: UN- 
SOLVED CLINICAL PROBLEMS—IN BIOLOGICAL 
PERSPECTIVE 


The American Foundation, Esther Everett Lape, member in 
charge. Little, Brown and Co., Boston, 1955. Vol. 1: xxxii + 
765 pp. Vol. 2: xxxii + 740 pp. Both 16 xX 23.5cm. Set, 
$15. 


THE AMERICAN FounpDATION, aided by a committee of 26 dis- 
tinguished consultants in the medical and natural sciences, pre- 
sents two comprehensive volumes on medical research, its present 
trends, and its foreseeable future. Chemists will be heartened to 
read the heading of the first chapter: Medical Research in the 
Perspective of Biological, Chemical, Physical, and Mathematical 
Science. Not only this, but also the ten chapters on unsolved 
clinical problems in biological perspective in Volume 2 emphasize 
the complete awareness, of the medical profession, of the impact 
of biochemistry on their mode of thinking. These chapters deal 
with cancer, infertility, arteriosclerosis, hypertension, rheumatic 
diseases, tuberculosis, alcoholism, the nature of viruses and of 
virus diseases, and the biology of schizophrenia. In addition to 
lucidly and comprehensively surveying each field, references are 
not specifically listed but are relegated to the back of the volumes, 
and continuous reading is greatly facilitated by this device. 

Teachers of chemical topics related to biology and medicine 
will find these surveys helpful especially since they attempt to 
foreshadow future researches and thereby provide the inspired 
thinking a good teacher should transmit to his students. 


ALFRED BURGER 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 
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e MASS TRANSFER OPERATIONS 


Robert E. Treybal, Professor of Chemical Engineering, New 
York University. McGraw-Hill Book Co., Inc., New York, 1955. 
ix + 666 pp. 347 figs. 16 X 24cm. $9.50. 


the publication of “Mass Transfer Operations,’’ texts 
in the field of the unit operations of chemical engineering were 
either general texts which covered the entire field of the unit op- 
erations at the elementary level! (as Badger and Banchero) or at 
an advanced level (Coulson and Richardson), or the book was a 
graduate-level text devoted to one particular unit operation (as 
Treybal, “Liquid Extraction’). Now we find a number of 
unit operations grouped together on the common basis of being 
mass transfer operations. The result is an excellent intermediate- 
level text. 

In a brief introductory chapter the six combinations by pairs 
from gas, liquid, and solid phases are shown to participate in 
: diffusional operations when in direct contact, or when separated 
by a membrane, or even in miscible phases. The book is es- 
sentially divided into four parts, Part I (93 pages) being on dif- 
fusion and mass transfer. Here is discussed the theory basic to 
all the operations like molecular diffusion in fluids, diffusion in 
turbulent flow, diffusion in solids, and interphase mass transfer. 

Part II (252 pages) discusses the gas-liquid operations: first, 
equipment for such operations, then humidification operations, 
gas absorption, and distillation. Part III (86 pages) on liquid- 
liquid operations deals only with liquid extraction. Part IV 
(188 pages) on solid-fluid operations covers adsorption and ion 
exchange, drying, and leaching. Part V (16 pages) on the less 
conventional operations gives brief discussions of dialysis, gas- 
eous diffusion separations, and thermal diffusion. 

In Part II, despite their common basis of gas-liquid operations, 
considerable differences exist among humidification, gas absorp- 
tion, and distillation. Theory particular to the single operation 
is given in each chapter; for distillation, vapor-liquid equilibria 
are discussed before calculation methods for tray and packed 
columns are given. Only the McCabe-Thiele method is given, 
the Ponchon method and enthalpy-concentration charts are not 
mentioned. 

Many favorable comments can be made on this book: the 
adequate discussion of underlying theory in Part I of the book 
and at the beginning of each chapter dealing with a separate op- 
eration; the many and excellent diagrams illustrating theory, 
calculation methods, and equipment; the numerous (99) il- 
lustrated problems showing the applications of the methods given; 
and the adequate number of student problems at the end of each 
chapter. 

Because of these excellent features this book will be used 
widely as a senior and graduate text for these particular unit op- 
erations. Because of its clarity, basic theory, and illustrated 
problems it will be used by the chemical engineer in industry to 
review and modernize his background in these industrially im- 
portant unit operations. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


e FUNDAMENTALS OF GENERAL CHEMISTRY 


C. H. Sorum, Professor of Chemistry, University of Wisconsin 
Prentice-Hall, Inc., New York, 1955. ix + 588 pp. Figs. and 
tables. 16 X 23.5 cm. $6.50. 


Tuis freshman text is, in the reviewer’s opinion, a very good 
book and one which reflects the mature judgment of an experi- 
enced and excellent teacher. Traditional in its subject matter 
and approach, the book impresses one primarily by the quality of 
the writing. The subject matter is developed logically, concisely, 
and clearly. Ideas and relationships once described are there- 
after enlarged and brought home forcefully by use in new situa- 
tions. The questions and problems at the ends of the chapters 
are excellent and supplement well the subject matter. In con- 
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trast to many of the general chemistry texts on the market, the 
material in this book can be covered adequately in one academic 


year. 

Although it is a relatively minor matter, the use of the Stock 
system in naming compounds containing elements capable of ex- 
hibiting a number of oxidation states is to be commended. It is 
high time that this practice became general, even in texts on a 
freshman level. 

The reviewer found few typographical errors. There are, 
however, a number of statements with which he must take issue, 
On page 133 it is said, ‘Inertness of an element is interpreted to 
mean that its outer shell contains as many electrons as it can pos- 
sibly hold; it is filled to its maximum capacity.’’ Certainly the 
author would not say that outer shells of any of the inert gases 
but helium and neon have attained their maximum capacities, 
On page 151 the author states in speaking of covalence (in gen- 
eral), ‘‘As a result of this mutual sharing of pairs of electrons, the 
atoms of both elements attain an inert gas structure.’’ There are 
many exceptions to this, e. g., in PF;, SFs, etc., and it would be 
appropriate to go into the matter in more detail. On page 
158, ‘‘All salts, metal oxides, and metal hydroxides are electro- 
valent compounds.’”’ Notable exceptions to this statement are 
lead(II) acetate, mercury(II) chloride, and many oxides contain- 
ing transition metals in higher oxidation states. On page 359 
it is stated that the chlorides of nitrogen, phosphorus, and arsenic 
are hydrolyzed to yield two acids. This is true for the chlorides 
of the latter two elements, but nitrogen trichloride reacts with 
water to give ammonia and hypochlorous acid. Tin(II) oxide 
is described as a typical basic oxide (page 367) rather than an 
amphoteric one. 

It is to be emphasized that the errors are very few in number 
and do not materially detract from the general high quality of 
the book. 

A “Laboratory Manual of General Chemistry’’ (2nd ed.) by 
the same author is also available. An excellent choice of well- 
written and well-planned experiments make up this manual. 


JACOB KLEINBERG 
University or Kansas 
LAWRENCE, KANSAS 


& ELEMENTS OF QUANTITATIVE ANALYSIS: THEORY 
AND PRACTICE 


Hobart H. Willard, Professor Emeritus of Chemistry, University 
of Michigan, N. Howell Furman, Professor of Chemistry, and 
Clark E. Bricker, Associate Professor of Chemistry, both of 
Princeton University. Fourth edition. D. Van Nostrand Co., 
Inc., Princeton, 1956. xi + 576 pp. Many figs. and tables. 
16 X23.5cm. $5.85. 


“Durine the fifteen years since the appearance of the third 
edition of this text, Analytical Chemistry has made considerable 
strides in the development of new methods and improved tech- 
niques.”” This introductory statement from the preface of this 
well known text explains the purpose of the many changes made 
in this edition. 

The text is divided into four parts: I, Introductory Material. 
General Operations; II, Titrimetric (Volumetric) Methods; 
III, Gravimetric Determinations; and IV, Separations. Some 
new chapters have been added, and most of the other material 
has been extensively rewritten. Chapters on Separation by 
Extraction, Separation by Adsorption, and Separation by Vola- 
tilization, together with accompanying laboratory experiments, 
are worthwhile additions. A chapter which describes certain 
electrometric methods, such as conductometric, amperometric, 
coulometric, and polarographic techniques, has been added, al- 
though no experimental work is given. The chapter on color- 
imetry and spectrophotometry has been only briefly expanded. 
An error occurred when these latter two chapters were listed 
under, Part IV, Separations. The text includes a laboratory 
procedure using Versene, plus brief descriptions of the Karl 
Fischer method for water and the “dead-stop”’ endpoint. These 
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are typical additions which are indicative of the trend in recent 
analytical textbook writing of including the classical methods of 
gravimetric and titrimetric analysis together with the mention of 
those techniques which require a knowledge of “instrumenta- 
tion.” An elementary discussion of statistical methods and 
their application to the treatment of analytical data is also in- 
cluded. Separate chapters are devoted to the discussion of 
titrimetric procedures involving the formation of precipitates 
and complexes. 

The figures and tables are adequate and are very legible. The 
number of problems has been increased, although only a few 
have been supplied with answers. Extensive references to the 
original literature are given throughout the text. The appendix 
contains the usual tables of data plus an abbreviated section list- 
ing the literature of analytical chemistry. 

The authors have attempted to emphasize the laboratory ex- 
periments by placing these chapters, following a brief discussion 
of principles, before those chapters which contain the necessary 
theoretical explanations. For example, Chapter 9, Titration of 
Acids or Bases. Procedures, precedes Chapter 10, The Theory 
of Acid-Base Titrations. Chapter 20, Gravimetric Separations, 
actually contains the laboratory procedures for the analysis of 
limestone and an insoluble silicate. However, a study of the 
contents of each chapter with less regard to its title or relative 
position in the text shows that sufficient material is present to give 
an intensive one-year course in quantitative analysis, regardless 
of the method of presentation chosen. 

The authors have done well in making this fourth edition a 
more up-to-date book. It should continue to remain an estab- 
lished text. 


JAMES M. PAPPENHAGEN 
Kenyon COLLEGE 
GAMBIER, OHIO 


a NUCLEAR AND RADIOCHEMISTRY: REVISED VER- 
SION OF INTRODUCTION TO RADIOCHEMISTRY 


Gerhart Friedlander, Senior Chemist, Brookhaven National 
Laboratory, and Joseph W. Kennedy, Professor of Chemistry, 
Washington University. John Wiley & Sons, Inc., New York, 
1955. ix+468pp. Figs.andtables. 15.5 X 23.5cm. $7.50. 


THE reader familiar with the authors’ “Introduction to 
Radiochemistry”’ will find that the new title does not reflect a 
change in scope of the volume, but rather a recognition by the 
authors that their definition of radiochemistry is too broad to be 
accepted. A title more consistent with this reviewer’s narrow 
definition would be ‘Radioactivity and Nuclear Chemistry.’’ 
However, the book has been extensively revised and brought up 
to date, and contains new chapters on Nuclear Energy and Some 
Cosmic Problems. 

The book starts with elementary introductions to radio- 
activity and atomic physics, and continues with nuclear reactions 
and their production. This is followed by Equations of Radio- 
active Decay and Growth, Nuclear States and Radioactive Proc- 
esses, Interactions of Radiations with Matter, Radiation 
Detection and Measurement, Statistical Considerations... , 
Techniques for the Study of Radionuclides, Tracers in Chemical 
Applications, and the new topics mentioned above. 

The topics in theoretical and experimental nuclear physics 
pertinent to nuclear chemistry are covered adequately for most 
readers but not in the detail a specialist would demand. The 
latter, however, will find in each chapter a selection of references 
to meet his needs. However, the reader who wishes to learn of 
the procedures and results of radiochemistry will find only a short 
treatment in sections on Target Chemistry, Analytical Applica- 
tions (of tracers), and Chemical Phenomena at Tracer Concen- 
trations. For example, the extensive and useful extraction 


technique using TTA and other chelating agents is covered in 
two sentences. 

The presentation demands a background in physics and 
mathematics that one would expect of beginning graduate 
students and superior advanced undergraduates in chemistry or 


engineering. Numerous problems are given to illustrate the 
topics covered. Much of the text is well illustrated with real 
examples, although the treatment of radioactive decay and 
growth is somewhat lacking in this respect. 

The many changes from the old edition in order of presentation 
of topics reflect much thought and probably experience by the 
authors. A logical order of presentation on this level is difficult 
because of the interdependence of the topics. The authors have 
achieved this by giving essential elementary treatments early 
in the text and more detailed presentations when the reader is 
prepared. This will appear repetitious to the reader of only 
section headings. _An appendix includes tables of cross sections 
and nuclear spins and an extensive table of nuclides. 

The inclusion of new developments and new topics has been 
accomplished without bulkiness by using slightly larger pages 
and slightly smaller type. Readability is improved by use of 
high-quality paper. The language is clear and skillfully used and 
aided by well-chosen illustrations. The only mistake found by 
this reviewer was the use of inconsistent isotopic masses in the 
appendix, particularly for mass number 89. A colleague of the 
reviewer finds the activation analysis sensitivities on page 325 
are optimistic by a factor of 10°. 


SIGFRED PETERSON 
Oak Rince Nationat LABORATORY 
Oak RinGe, TENNESSEE 


e THE PRINCIPLES OF CHEMICAL EQUILIBRIUM 


K. G. Denbigh, Professor of Chemical Technology in the Uni- 
versity of Edinburgh and of Chemical Engineering in the Heriot- 
Watt College, formerly University Lecturer in the Department of 
Chemical Engineering, Cambridge. Cambridge University Press, 
New York, 1955. xxii + 492 pp. 47 figs. 15 tables. 15 x 
22 cm. $7.50. 


Once in awhile one reads a scientific book which is refreshing 
and exciting even though it deals with an oft-covered technical 
field. Here is one such book—beautifully written, with attention 
to detail but no pedanticism; systematically organized, but no 
catalogue of equations and methods; full of rare insights and 
analogies, but not ethereal and removed from the realm of experi- 
ment. 

“My aim,”’ says the author, “has been to write a book on the 
general theory of chemical equilibrium, including its statistical 
development, and displaying its numerous practical applications, 
in the laboratory and industry, by means of problems. It is 
hoped that the book may be equally useful to students in their 
final years of either a chemistry or a chemical engineering degrée. 

“Thermodynamics is a subject which needs to be studied not 
once but several times over at advancing levels. In the first 
round. . .a good deal of attention is given to calorimetry, before 
going forward to the second law. In the second or third rounds— 
such as I am concerned with in this book—it is assumed that the 
student is already familiar with the concepts of temperature and 
heat, but it is useful once again to go over the basis of the first 
and second laws, this time in a more logical sequence.”’ 

The author divides the treatment into: Part I, The Prin- 
ciples of Thermodynamics; Part II, Reaction and Phase Equilib- 
rium; Part III, Thermodynamics in Relation to the Existence 
of Molecules. A set of rather thorough discussions of the solu- 
tions of many problems is included at the end of the book. 
What a great improvement over the usual emphasis on the 
“answer.” 

If all the books that reviewers classify as ‘‘must be read by 
every student and teacher of chemistry’’ were laid end to end 
and we picked out every hundredth to read we would be well 
educated, so I shall not add this one to that dubious list. But if 
I were studying thermodynamics today I’d rather study from 
Denbigh than from any other volume I know of in print. 


J. A. CAMPBELL 
OBERLIN COLLEGE 
OBERLIN, OnIO0 
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RADIOBIOLOGY SYMPOSIUM 1954 
(PROCEEDINGS OF THE SYMPOSIUM HELD AT 


LIEGE, AUGUST-SEPTEMBER, 1954) 


Z. M. Bacgq, Professeur a l'Université de Liege, Membre Dorres- 
pondant de l’Académie Royale de Médicine de Belgique, and 
Peter Alexander, Chester Beatty Research Institute, Institute of 
Cancer Research, Royal Cancer Hospital, London. Academic 
Press, Inc., New York,-1955. xix + 362 pp. Many figs. and 
tables. 16 X 25.5cm. $9.80. 


Tuts volume contains the proceedings of the Radiobiology 
Symposium held in Liege in September, 1954. The meeting was 
attended by ‘scientists from 12 countries. There were 15 par- 
ticipants from the United States. The stated purpose of these 
symposia, which are apparently to be held annually, is to pro- 
mote exchange of information between physicists, chemists, 
biologists, and clinicians engaged in work involving the use of 
ionizing radiation. Most of the 50 papers collected in the 
present volume are by biologists and they describe studies of the 
response of intact animals, tissues, microorganisms, and isolated 
cells to ionizing radiation. A large number of these papers relate 
studies of protective substances and methods of influencing re- 
covery. There are three papers on the action of radiation on 
viruses and enzymes and about six papers on radiation effects in 
chemical systems. The majority of the papers consist of new 
experimental work and were written primarily for the specialist. 
However, anyone engaged in radiation research will probably 
find this volume of interest in that it provides a fairly representa- 
tive cross section of the current literature in radiobiology. 


WARREN M. GARRISON 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


® RESONANCE IN ORGANIC CHEMISTRY 


George Willard Wheland, Professor of Chemistry, University of 
Chicago. John Wiley & Sons, Inc., New York, 1955. xiii + 846 
pp. Figs. andtables. 16 X 23.5cm. $15. 


Tue 11 years which have elapsed since the appearance of 
“The Theory of Resonance’’ (reviewed by A. E. Remick, THIS 
JOURNAL, 22, 207 (1945)) have seen no abatement in the interest 
and application of resonance to problems of organic chemistry. 
The new edition, of slightly modified title and over two and one- 
half times the length of the original, again takes a careful look at 
organic chemistry as approached and interpreted from the 
resonance viewpoint. The form and outline is similar to the 
earlier version, but much new material has been added and old 
material has been brought up to date. Of equal importance, the 
critical care in expression in the first edition has, if anything, 
been replaced by even greater care in this new edition. The dis- 
cussion of the length of the carbon-chlorine bond in chloroben- 
zene and that of the central carbon-carbon bond in bibenzyl are 
two out of many instances in which attention is focused on sig- 
nificant but often overlooked considerations. 

Chapters I-V and VII—The Theory of Resonance, The Nature 
of Valence, Resonance Energy, Steric Effects of Resonance, 
Resonance and Dipole Moments, and Resonance and Chemical 
Equilibrium—have undergone little change from the first edition 
with a few important exceptions such as the inclusion of a de- 
scription of the molecular orbital treatment of valence and recent 
methods for the calculation of heats of combustion. Substantial 
additions have been made to the chapters dealing with Resonance 
and Molecular Spectra and with Resonance and Chemical Re- 
action. The discussion of the spectra of specific classes of or- 
ganic compounds is of particular value as are the discussions of 
orientation of substituents in aromatic systems, copolymeriza- 
tion, and molecular rearrangements. The appendix of Inter- 
atomic Distances in Organic Molecules, which has increased nine- 
fold over the original one, strives for completeness up to 1954. 
Among other purposes, it serves as a highly useful supplement to 
the chapter on steric effects. 


, Resonance. 


JOURNAL OF CHEMICAL EDUCATION 


A principal difference between this and the earlier edition is the 
inclusion of an excellent chapter on the Mathematical Basis of 
This chapter represents no primrose path to the 
facile calculation of electron distribution in organic molecules, 
but the careful reader should obtain an understanding of the 
mathematical basis of both the resonance and the molecular 
orbital theories. 

Walling’s criterion for the copolymerization of styrene-methy| 
methacrylate mixtures by cationic and anionic reagents is incor- 
rectly stated on page 476 but oversights of this kind and typo- 
graphical errors are practically absent. Tables and illustrations 
are clear and well documented. 

Although the discussions of molecular orbitals are of real value, 
the treatment suffers somewhat from an inadequate description 
of atomic orbitals. Furthermore, the lack of three-dimensional 
representations (there are only a handful in the entire book) 
occasionally causes unnecessary difficulty. For example, in the 
discussions of carbon dioxide (page 112), the isocyanides (page 
181), and the isocyanates (page 180), the equivalence or non- 
equivalence of the structures described would be more readily 
understood through three-dimensional atomic orbital repre- 
sentations of the molecules. The reviewer would also have wel- 
comed a fuller treatment of the relative stability of organic 
cations and radicals. 

However these are minor criticisms. The importance of the 
resonance viewpoint to organic chemists in general and to grad- 
uate students in particular is great indeed. Professor Wheland’s 
able and thoughtful portrayal of the subject deserves their 
serious attention. 


FREDERICK D. GREENE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


HAWLEY’S TECHNICAL SPELLER 


Gessner G. Hawley, Executive Editor, Reinhold Book Division, 
and Alice W. Hawley, Consulting Editor. Reinhold Publishing 
Corp., New York, 1955. 146pp. 13.5 x*19.5cm. $2.95. 


Over 8000 words, from aba-ca to zy-mur-gy, are alphabeti- 
cally arranged in very clear, easily-read columns in this almost- 
pocket-sized volume. Except for two very short pages on chemi- 
cal notation, and three pages listing preferred prepositions to 
use with such words as correlate . . . (with), the book is devoted 
entirely to the correct spelling and permissible hyphenation of 
common technical words. 


e PHYSIOCHEMICAL CALCULATIONS 


E. A. Guggenheim, Professor of Chemistry, and J. E. Prue, 
Lecturer in Chemistry, both of University of Reading, Holland. 
Interscience Publishers Inc., New York, 1955. xii + 491 pp. 
77 figs. 200tables. 15.5 X 23.5cm. $7. 


Turis interesting book illustrates the methods of carrying out 
physical chemistry calculations from data published in the litera- 
ture. One hundred and seventy-one problems are worke« it 
different branches of physical chemistry. 

Each problem gives data taken from a published article ani the 
reference to the article. The method of calculation to be used is 
outlined, the use of the data is shown, and the significance o! the 
results is usually discussed briefly. The problems are well se- 
lected, and several errors in printing are corrected by a flyer in 
the front of the book. 

Teachers and students should learn a great deal from a study of 
the book. 


ARTHUR A. VERNON 


NoRTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
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19. GROUP VI. THE 
SULFUR FAMILY’ 


A. SULFUR, SELENIUM, TELLURIUM 
19-1 
rethy! 


incor- 19-2 


typo- on light. Demonstrate. 
ations 


is the 
of 
io the 

cules, O 
of the 
ecular 
-Exhibit: ores, elements and compounds of §, 
Se, and Te. CuO and CuS, HgO and HgS. 


value, B. ELEMENTAL SULFUR 
iption 
sional 
book) 
in the from, a glass cylinder of HS. Remove the 
(page glass plate: gases mix forming coating of S 
id on walls, and water. 


— Sulfur ores. Exhibit: galena, cinnabar, zinc 


e wel- 
‘ganic 


gold), ete. 


Allotropic forms. Exhibit: rhombic, mono- 


of the clinic, flowers of sulfur, milk of sulfur, roll 
grad- sulfur. 


jand’s Milk of sulfur. Milk bottle nearly full of 
their yellow ammonium sulfide, conc. HCl. Dump 

acid into bottle: ‘‘milk of sulfur’’ forms. 
SNE Plastic sulfur. A 10 cm. porcelain casserole 


half-full of roll sulfur, covered with square of 
asbestos over Fisher burner, 2-liter beaker of 
water. Pour very hot molten sulfur into 
water: plastic sulfur forms. Take out of 
water (care, hot) and show it is rubbery 
(care: inside of the elastic threads will be 
hot molten sulfur which can burn severely), 
and throw bits to the class. 
Colloidal sulfur(sulfur sunrise). Two stirring 
rods, two 2-liter beakers, two 1-liter beakers, 
3.0 M HCl, 1.0 M sodium thiosulfate freshly 
hemi- made from recrystallized salt, 4 liters distilled 
— water. Wash all glassware with chromic acid 
a - cleaning solution, and rinse well with distilled 
| water. Mix thoroughly 100 ml. 3M HCl + 900 
ml. distilled water in a 1-liter beaker. Mix 
100 ml. 1 M thiosulfate + 900 ml. distilled 
water in a 2-liter beaker. Place the 2-liter 
beaker under a floodlight, with white paper 
backing, in the path of a paralell beam of 
light, '/.” in diameter, from a projector. 
Mix the two solutions, stir well: the Tyn- 
dall cone appears in about 1 minute, red 
transmission in 2 minutes, opaque after 5 
minutes. Mix exactly 5 ml. 1.0 M sodium 
thiosulfate with 995 ml. distilled water in the 
2-liter beaker, and exactly 5 ml. of 3.0 M 
HCl with 995 ml. distilled water in the 1- 
1c the liter beaker. Place the 2-liter beaker in a 
beam of light from a projector, and mix in the 
1-liter of HCl: the Tyndall cone appears in 4 
to 5 minutes: in about 8 minutes opacity 
increases with the transmission being orange 
(15 min), red (30 min), magenta (45 min.), 
violet (50 min.) and blue (60 min.). 
Rhombic sulfur. Clock glass, CS:, flowers of 
(ON sulfur. Dissolve 1 g. of S in 2 ml. of CS, 
and pour on clock-glass: within a minute 
evaporation will have left rhombic S crystals. 
19-10 Monoclinic sulfur. Flowers of sulfur, 10 
em. casserole over burner, filter paper cone 
set in an iron ring on stand. Heat sulfur 
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Selenium photo-cell set up to ring bell, turn 


*19-3 Formation of S. Glass cylinder of SO. gas 
inverted over, and separated by a glass plate 


blende, chalcopyrites, iron pyrites (fool’s 


Tested Demonstrations in General Chemistrt 


barely above melting point, pour into paper; 
just before the S solidifies open up the 
paper: monoclinic crystals are formed. 


C. SULFIDES 


*19-11 Kipp generator with FeS + HCl, train of 
tubes containing Cut?, Pb+?, Cdt?, 
Ast; alsoSb+* and Cd+?as unknowns. Pass 
H.S through to precipitate sulfides. Iden- 
tify the two unknowns. 

19-12 Silver spoon tarnished with H.S, NasCOs, 
1 X 3” sheet of Al, 250 ml. beaker of water 
over burner. Add 5 g. Na,CO;; place spoon 
and Al in contact in solution: tarnish dis- 
appears. 


D. SULFUR DIOXIDE 


*19-13 Volume change. See Figure 19-13. De- 
flagrating spoon containing flowers of sulfur, 


Turn the page for additional demonstrations 


*Footnotes 


Before filling the H.S cylinder, moisten its walls by 
holding it over steam; this gives a better coat of sulfur. 
These concentrations suggested by Victor K. LaMer 
of Columbia University. 

Or use test tubes and Na,S-aq. 

I consider this my most worth-while demonstration, 
because it teaches so much, so simply. It illustrates 
how a physical measurement can determine the reac- 
tion products without making a chemical analysis of 
them. First tell your class that one might expect one 
of two alternatives when sulfur is burning in Oo. (1) 
No volume change if SO, is formed, since § is solid 
and is therefore neglected in the argument, and 1 vol. 
Oz gives 1 vol. SO. (2) Decrease in volume by !/srd 
as 3 vols. O2 form 2 vols. of SO;; in this case the Hg in 
the U-tube should rise !/; X 760 mm. in the left-hand 
limb. When the experiment is performed the class is 
surprised to find neither of these alternatives occur; 
instead, the mercury rises up the right limb. Why? 
Because the heat of burning the sulfur temporarily 
expands the gases in the flask. Finally, as the tem- 
perature returns to normal, the mercury may even rise 
slightly in the left limb. Why? After much class 
discussion, confess that you placed a drop of water in 
the flask before the experiment, and some of the SO, 
dissolved in it, thereby lowering the pressure. This 
emphasizes how unsuspected errors may creep into a 
physical measurement, so the experimenter must be 
on his guard. 


Labels for Topic 19. (For code, see instructions for assembling 
kits, J. Chem. Educ., 32, 12A (1955). 19-6-N-yellow am- 
monium sulfide, 19-6-N-yellow ammonium sulfide, 19-7-J-roll 
sulfur, 19-7-J-sodium thiosulfate, 19-9-d-CS2, 19-9-w-flowers 
of S, 19-10-J-flowers of S, 19-11-w-FeS, 19-11-N-HC! dil., 
19-11-d-Cu*?, 19-11-d-Pb**, 19-11-d-Cd*?, 19-11-d-Sb*3, 
19-11-d-As*’, 19-12-J-silver spoon, 19-12-w-Na,S, 19-12-J- 
1 X 3” Al sheet, 19-12-w-NazCO;, 19-13-w-flowers of §, 19-14- 
N-acetone, 19-15-J-S candle, 19-17-N-KMnO,-aq., 19-17-N- 
aq., 19-17-N-dil. H2SO,, 19-18-d-BaCl, aq., 19-20-d- 
BaCl, aq., 19-20-w-NaSO;, 19-20-w-NaSO,, 19-20-w-Na- 
HSO;, 19-20-N-dil. HCl, 19-21-J-wooden paddles, 19-21-J- 
cotton, 19-21-J-paper strips 1 X 3”, 19-22-J-3 xX 5 white 
cards, 19-22-d-dil. 250,, 19-23-w-4 dimes, 19-23-d-KBr-aq., 
19-23-d-AgNO; aq., 19-23-N-sodium thiosulfate aq., 19-23-N- 
0.1 N sodium thiosulfate, 19-23-N-0.1 N iodine, 19-23-d- 
starch aq. 


t By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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500 ml. flask of oxygen, U-tube half-full of 
mercury. Burn S in O., discussing volume 
change. 

Gas Volumes, aP 


SO,......... 1 Vol—= 1 Vol. 


25+30,—= 2503. .... 


19-14 


19-15 


19-16 


19-17 


PRODUCTS DEDUCED FROM aP 
Figure 19-13 


Liquid SO,. Tank of SO, leading to test tube 
immersed in acetone-dry ice in thermos bot- 
tle. Pt dish over burner, tongs, test tube of 
water. Liquefy SO, in trap. Simultane- 
ously pour equal volumes of liquid SO, and 
of water into red-hot Pt dish, and at once 
dump out ice formed. The ice reeks of 
SO,: place in hood. 

Bleaching action. Sulfur candle in Oz inside 
bell jar inverted over a red rose in a 25 ml. 
graduated cylinder as holder; fuming HNOs. 
Burn S candle: flower bleaches. Hold 
over fuming HNO;: in 20 minutes color is 
restored. 

Solubility of SO. Glass cylinder of SOs, 1- 
liter beaker of water, litmus paper. Invert 
graduate of SO, in the water: the gas slowly 
dissolves and in half an hour the water will 
have filled the graduate, forming H,SO;. 
Show it turns litmus pink. 

Reducing action of SOs. A 1-liter cylinder 
full of water + few drops KMnQOy-aq. + 20 
ml. dil. H.SO,; another cylinder of water + 
few drops of K,Cr.07-aq. + 20 ml. dil. H»SO,, a 
2-liter glass cylinder of SO. set on brightly 
illuminated box. Dump ix the KMn0O,: 
turns colorless, forming Mn**. Dump in 
the K.Cr.0,: turns green, forming Cr+’. 


E. SULFUR TRIOXIDE 


19-18 


19-19 


Chamber process. Two-liter cylinder with 
walls washed with 1-ml. fuming nitric acid, 
BaCl.-aq., tank of SOs, rubber and glass 
tubing. Run SO, into cylinder: chamber 
crystals (nitrosyl sulfuric acid, NO-SO;-OH) 
form. Dissolve in 100 ml. water and add 
BaCl,: sulfate ion forms white BaSO, ppt. 

Contact process. See Figure 19-19. SO: and 
O, tanks leading via drying cylinders of 
cone. H,SO,, to count flow-rate, then via Y- 
tube into a 2 X 50 cm. tube containing 
platinized asbestos (or Fe.O;), clamped 
horizontally over burner with wing top. 
Lead exit tube to the hood to carry away the 


SO, gas. Pass SO, + O:, a bubble a second, 
through the catalyst, then commence heating 
it: when catalyst reaches proper tempera- 
ture white clouds of SO; appear; at this 
point put the ice-salt mixture in the thermos 
bottle around the exit trap: SO; will freeze 
out. Remove trap. When temperature of 
catalyst becomes too high SO; will cease 


CONTACT PROCESS 


Figure 19-19 


forming. Remove burner but continue pass- 
ing the gases: when catalyst cools down 
to critical region again the white clouds will 
appear once more. 


F. OXY-ACIDS OF SULFUR AND THEIR SALTS 


19-20 


19-21 


19-22 


19-23 


19-24 


-——Next month's Tested Demonstrations in General Chemistry 
20. GROUP VII. 
For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9 (1955). 


THE HALOGENS 


Sulfate vs. sulfite. BaCh-aq., NasSO;, Naz- 
SO,, NaHSO;, dil. HCl, dil. H.SO,, 5 test 
tubes. Tube 1: 10 ml. H,O + pinch Na,- 
SO, + few drops -BaCl,: white BaSO,, 
which dissolves when dilute HCl is 
added. Tube 2: 10 ml. H.O + pinch Na,- 
SO, + few drops BaCl,: white BaSO, forms, 
but does not dissolve when HC! is added. 
Tubes 3 and 4: add dil. H.SO, to 1 g. each 
Na,SO; and Na.SO,: SO, given off only by 
the sulfite, not sulfate. 

H.SO,: Affinity for Water. Wooden tongue 
depressant, cotton, paper, conc. H.SO,4, 3 
test tubes. Cover wood, paper and cotton 
with conc. acid: all char. 

Secret writing. Dil. H2SOy, some 4 X 6” 
white cards, splint, burner. Previous to 
class write on cards with dil. acid, and allow 
to dry so cards appear blank. Heat: writing 
appears as a char. 


Thiosulfate in photography. See demonstra- 
tions 12-21 and 12-22. Dime, sodium thio- 
sulfate-aq., KBr-aq., AgNO;-aq., test tube. 
Mix 10 ml. water + 0.5 ml. AgNO;-aq., 
+ 0.5 ml. KBr-aq.: yellowish AgBr forms. 
Secretly drop in dime. Now relate, and 
show how photographer’s hypo dissolves 
the AgBr leaving the metallic silver (the 
dime!) behind. 

Thiosulfate in volumetric analysis. Stirring 
rod, 0.1 N sodium thiosulfate in 50 ml. 
burette, 25 ml. pipette, 400 ml. beaker, 
0.1 N. Iodine, starch-aq. Titrate by running 
the thiosulfate into 200 ml. water + few 
drops starch-aq. + 25.00 ml. iodine solu- 
tion. Explain principle of iodimetry. 
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If you're now using glassware with less 
than the stamina of Pyrex brand glass- 
ware—you can reduce glass costs—and 
increase student safety. 

Specify Pyrex brand for all your 
glassware, and get, to begin with, re- 
sistance to chemical attack, mechani- 
cal shock and thermal impact—uniquely 
combined in this glass. PyREx brand 
glassware has a remarkable disregard 
for the rough handling of inexperi- 
enced students. 

Besides the inborn qualities of en- 


PYREX’ 


In one school test, Pyrex brand test tubes outlasted other kinds 
3% to 1. You get longer, stronger service with PyREx~ ware, 


durance you get in PYyREXx ware, you 
get a wonderfully reassuring element 
of safety that we build in. We design 
and construct added strength into the 
ware at every logical place. We make 
walls extra heavy and uniform. We put 
shoulders on graduates to absorb upset 
impacts. And these are just two of 
many examples of added life we build 
in Pyrex brand labware. 

As a result—accidents that toll the 
knell of lesser ware, leave Pyrex brand 
ware undamaged, ready for work an- 


Please mention CHEMICAL EDUCATION when writing to advertisers 


} How to save safely on laboratory glassware 


other day. 

Save in your laboratory and do it 
safely. Standardize on Pyrex brand 
ware. Your Lab Dealer will help you. 

Send for your copy of LP36—Lab- 
oratory Glassware by Corning — the 
1956 catalog. 


CORNING GLASS WORKS 
76-7 Crystal Street, Corning, N. Y. 


Coming meant Gadd 


laboratory ware 
... the tested tool of modern research 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
‘Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


ur firm or Institu- 


NEW APPARATUS & EQUIPMENT 

4 Blue M Electric Co., 138th & Chatham 
Sts., Blue Island, Illinois, offers for the 
first time, a low cost recirculating vertical 


air flow oven reproducing uniform air 
temperatures and faster results equivalent 
to higher priced conventional mechanical 
convection ovens. 


... is glass-clear 


Tygon Tubing is not 

just translucent... 

it IS glass-clear, thus 
permitting instant visual 
inspection, more accurate 


flow control—better 

overall process control. 
Tygon is chemically inert, 
may be used anywhere for any 
liquid, gas or air transmission 
normally encountered in 

the laboratory. In addition 

it is extremely flexible and 
easy to handle, couples 

and uncouples quickly. 
Laboratory supply 

houses everywhere 

stock Tygon in all 

required sizes, 


NON-TOXIC 
NON-CONTAMINATING 


FLEXIBLE 
EASY TO HANDLE 
AND SMOOTH 


EASY TO.COUPLE 
AND UNCOUPLE 


STONEWARE 


AKRON 9, OHIO 


4 A device designed to prevent vaporiza- 
tion and splashing of liquids under agits- 
tion in a Waring Blendor is announced by 
Central Scientific Company. 

Called the Cenco-Pinto Surface Cooler, 
it operates on the principal of stabilizing 
the agitated liquid at its surface, where 
cooling is most effective. For further in- 
formation contact the company, 1700 
Irving Park Rd., Chicago, Illinois. 


4 Rapid, accurate determinations of mois- 
ture in a wide range of chemicals (both 
solid and liquid), foods, drugs and in- 
dustrial products, are made possible by the 
newly redesigned ‘“‘Precision’’ Aquatrator, 
Precision Scientific Co., 3737 W. Cortland 
St., Chicago 47, Illineis. Utilizing the 
Karl Fischer reagent, which is sufficiently 
sensitive to allow moisture determinations 
as low as 0.005% and as high as 100% to be 
determined quantitatively, the electronic 
indicator shows the end point of the titra- 
tion just as readily in « 2ry dark solutions 
as in light-colored materials and is un- 
affected by normal variations in line volt- 
age. This instrument performs, in 5 to 
15 minutes, moisture determinations which 
by oven-drying or distillation methods re- 
quire from one to twenty-four hours. 


4 The Arthur F. Smith Co. of Rochester 
3, New York, has announced the develop- 
ment of a new rotary condenser high 
vacuum still, known as the Asco Model 
PR. Capable of separating mixtures in 
the molecular weight range of 200 to 700 
with high separating efficiency, the new 
still features an all-glass column with a 
stainless steel air-cooled rotary condenser 
and built-in dry ice trap. 


4 Labline, Inc., 3070 W. Grand Ave., 
Chicago 22, Illinois, announces its new line 
of explosion-proof Reid Vapor Pressure 
Baths for use in all types of petroleum 
laboratories where vapor pressures of 
gasoline are run daily. 


4A new measuring microscope which 
reads direct by vernier to 0,01 mm. on 
both the horizontal and vertical scales is 
announced by the Ealing Corp., Natick, 
Massachusetts. 

Laboratory use to date indicates that the 
new instrument is of value for the precise 
measurement in either horizontal or 
vertical position of length, compression, 
setting or thermal expansion, deflection, 
etc. 


4 Between two and four seconds is the 
normal weighing time with an automatic 
self-balancing scale that has just !een 
added to Arthur 8S. La Pine & Company’s 
line of balances. The weight can be read 
to 1 gram or '/iw lb. directly on the in- 
dicating dial without taking time to )al- 
ance loose weights and beam poises.  |'ur- 
ther information can be obtained from the 
company, 6001 S. Knox Ave., Chicago 29, 
Illinois. 


4 New, special-purpose ultraviolet lump 
for better observation of low-grade 
fluorescence, particularly in the critical 
areas of pale blue, light green and red, has 
been announced by Black Light Corp. of 
America, San Gabriel, California. 

This long-wave, Blak-Ray Model BLF- 


JOURNAL OF CHEMICAL EDUCATION, JULY, 1956 


6, utilizes 
down 
“black lig 
visi! le ligl 
ined 


A The Oh 
merce Ave 
to announ 
of weight 
boxes. 
tory the a 
in a hinge 
retension 

period of 


AA new 
Inc., 5097 
Pennsylva 
convectiol 
oven is ] 
tended fot 
limited ay 
auxiliary 1 
ture cont 
temperatu 
and the ec 
convected 
ing with « 


A There i 
handle bu 
water. I 
lost cost 
Model D. 


sure oper 
produces 
high qua 
gallons 
by Cryst 
Allyn St. 


4 \ new 
line filter 
marketec 
Englewo 
used in ¢ 
ling smal 
in the flu 
change t 
ful! closi 


Please | 


d 
at 
— 
| 
i 
| 
| 
| 
TYG 0 U Bi G 
pov 
sv 
14360 
: A298 
a 


aporiza- 
or agita- 
nee ad by 


Cooler, 
bilizing 
» Where 
ther in- 
7, 1700 


of mois- 
s (both 
and in- 
> by the 
atrator, 
ortland 
ng the 
iciently 
nations 
% to be 
ctronic 
e titra- 
lutions 
is un- 
e volt- 
n 5 to 
which 
ods re- 


chester 
velop- 
high 
Model 
res in 
to 700 
e new 
vith a 
denser 


Ave., 
w line 
essure 
oleum 
es of 


which 
n. on 
les is 
atick, 


at the 
recise 
or 
ssion, 
ction, 


the 
matie 
been 


ouT OF THE 
Edttor's Gasket 
6, utilizes a special tubular filter to cut 


down on visible light emission from the 
“black light’’ ultraviolet tube; thus less 
visi! le light strikes the object being exam- 
ined 


AThe Ohaus Seale Corp. of 1050 Com- 
merce Ave., Union, New Jersey, is pleased 
to announce the availability of a new line 
of weights contained in Sto-A-Weigh 
boxes. These boxes afford every labora- 
tory the advantage of having their weights 
in a hinged covered box, thus assuring the 
retension of the accuracy for a longer 
period of time. 


4 A new oven by Electric Hotpack Co., 
Inc., 5097 Cottman St., Philadelphia 35, 
Pennsylvania, develops a new type of heat 
convection. This economy forced draft 
oven is portable, light weight, and in- 
tended for use in laboratories which have 
limited apparatus budgets and need an 
auxiliary unit that will keep close tempera- 
ture control. This oven eliminates the 
temperature differentials between the floor 
and the ceiling that are found in gravity 
convected ovens and facilitates quick dry- 
ing with a speedy come-up time. 


4 There is no longer any need to store and 
handle bulky containers of demineralized 
water. It can now be had with the new 
lost cost portable Crystalab Deemajet 
Model DJ-128 ion exchange water de-ion- 


izer. Deemajet is non-mechanical—pres- 
sure operated—connects to any faucet and 
produces instantly de-ion-ized water of 
high quality at a flow rate as great as 2 
gallons per minute. It is manufactured 
by Crystal Research Laboratories, Inc., 29 
Allyn St., Hartford 4, Connecticut. 


4 \ new series of brass and stainless steel 
line filters called ““Micron-Filter’’ has been 
marketed by Hoke, Inc., 153 8. Dean 8t., 
Englewood, New Jersey. They are to be 
used in conjunction with any valve hand- 
ling small flows if foreign dust or particles 
in the fluid stream tend to clog the throat, 
change the effective opening, or obstruct 
ful! closing of the valve. 


4 A fully enclosed repeat cycle electronic 
timer providing adjustable time intervals 
from 0.1 to 200 seconds is available from 
G. C. Wilson & Co., 1915 Eighth Ave., 
Huntington, West Virginia. 


4A new Teflon and glass needle valve, 
which permits the removal of corrosive 
needle valves from glass systems without 
resorting to stopcocks, has recently been 
introduced by the Emil Greiner Co., 
20-26 N. Moore St., New York 13, N. Y. 


4 Low-cost demineralized soft water, 
equivalent in ionic purity and softness to 
triple distilled water, is now available 
right from the tap with the new Enley 
“Pup,’’ a high efficiency, compact unit 
introduced by Enley Products, Inc., 1236 
Broadway, Brooklyn 21, New York. 


4 Manufacturers Engineering & Equip- 
ment Corp., Hatboro, Pennsylvania, 
announces the new Du Pont Model W 
Electrolytic Water Analyzer for the meas- 
urement of small quantities of water in 
gas streams. 

This simple and low-priced instrument 
permits instantaneous and accurate meas- 
urement of water content down to less 
than one part per million. Measured out- 
put is available for recording with standard 
recorders. 


4 A junior edition of the mechanical ma- 
nipulator used around atomic reactors and 
laboratories has been announced by the 
Atomic Center of 489 Fifth Ave., New 
York City. Called ‘“Niptongs,’’ it 
designed to grasp and release small radio- 
active or otherwise dangerous objects at 
a safe distance from the hands. 


> 
A NEW CATALOG — 


OMPR 


SED GASES 


Including special gas mixtu 


CONTAINING THESE COMPLETELY NEW FEA- 
TURES to make the handling of compressed 
gases easier, more efficient and safer! 


@ Corrosive resistant regulators for use with 
anhydrous Hydrogen Chloride, Ammonia, 
Hydrogen Sulfide and many other corrosive 
gases. 

@ Complete line of special flowmeters cover- 
ing all normal laboratory flow ranges, 
calibration of which can be calculated 
from gas properties. 

@ Safety devices, such as small cylinder 
stands, check valves to prevent back-flow 
into regulators, and safety relief valves. 

@ The new Matheson ‘QUICK COUPLER,“’ 

ilable on p lly all valves and 
regulators, allowing safe attachment 
to cylinder valves without the use of 
wrenches. 


SEND FOR A COPY OF 
OUR NEW CATALOG... 


COMPRESSED GASES! 


pressure and flow controls. 


Listing the world’s most diversified stock of 


Full descriptive data on approximately 75 compressed 
gases, including such information as cylinder pressure, 
cylinder dimensions, gas purity and recommended 


t calibration, nuclear flow counters, air- 
craft instrument filling, furnace atmospheres, fumigation and sterilization. 


OPENING SOON 


A New Matheson Plant in California TO 
BETTER SERVE OUR WESTERN CUSTO- 
MERS, with a complete line of Matheson 
gases, regulators and valves for immedi- 
ote delivery! 


EAST RUTHERFORD, N. J. 


The MATHESON COMPANY, Inc. lux 


JOLIET, ILL. 
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NeW Hot-Wire-Type Glass Tubing Cutter 


Produces Clean, Straight Breaks 


Step by step Wire is readily 
Cuts Pyrex Brand Glass @ Adjustable @ instructions @ replaceable, extra 
on top 


or soft glass heating current 

Glass tubing bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is re- 
quired. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 41/2 x 9 inches high. 


Each, $27.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


wires included 


No. 5210 
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4 Burrell Corp., 2223 Fifth Ave., Pitts. 
burg 19, Pennsylvania, has announced the 
Kromo-Tog Model K-2, newest unit in 4 
line of self-contained instruments for gas 
and vapor phase chromatography. 


NEW LITERATURE 


@ The Vital Story of Cereal Grain Products, 
by the Vitamin Division of Hoffmann- 
La Roche, Nutley, New Jersey, tells of 
the enrichment of various foods with 
vitamins. Especially interesting are the 
standards and specifications set up by the 
U. 8S. Food and Drug Administration. 


@ Bulletin SMEL #1, Control Systems for 
Semi-Conductor Crystal Production, was 
prepared to assist those connected in 
any way with the development or pro- 
duction of germanium silicon crystals. 
Contact the Industrial Division, Minne- 
apolis-Honeywell Regulator Co., Wayne & 
Windrim Aves., Philadelphia 44, Penn- 
sylvania. 


@ Over 40 different types of Alumaloy 
clamps are featured in Labline’s new & 
page bulletin now available. Write to 
Labline, Inc., 3070 W. Grand Ave, 


ESTABLISHED 1880————— 
1515 Sedgwick Street. Dept. D-1 Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
OOO 


Chicago 22, Illinois, for Bulletin #1040. 


@ A new 8-page, two-color catalog illus- 
trating and describing the Spec-Lab, 
a low-cost, high precision industrial 
spectrograph is available from Jarrell- 
Ash Co., 26 Farwell St., Newtonville, 
Massachusetts, attention Mr. John 
Schuck. 


@A 16-page, fully illustrated catalog 
describing the complete line of Philbrick 
Electronic Analog Computers has just 
been released. Make your request for 
Catalog-Electronic Analog Computers, to 
George A. Philbrick Researches, Inc., 230 
Congress St., Boston 10, Massachusetts. 


@ Fischer & Porter Co., 692 Jacksonville 
Rd., Hatboro, Pennsylvania, manufac- 
turers of complete process instrumenta- 
tion, have just published a 16-page Cata- 
log 10-A-25 describing their new glass 
tube variable-area Flowrator meters. 


NALGENE [x4] 
centrifuge tubes 


@ Central Scientific Co., 1700 Irving 
Park Rd., Chicago 13, Illinois, has avail- 
as Made from the new high density POLYETHYLENE, much able Bulletin 15D, Balances and Weights 
publicized for its high temperature resistance, higher tensile f a a and Industry, a new 25-page a “9 
strength, greater rigidity, and superior chemical resistance. 
@ A new four-page bulletin on nuclear 
It has been tested at continuous temperatures of and 
compared with 170°F. for standard polyethylene which age regulator tubes is now offered pA users | 
Anton Electronic Laboratories, Inc., ! compl. 
[WH] TUBES, CENTRIFUGE or TEST means that, now, polyethylene tubes can Flushing Ave., Brooklyn 37, New York. | an 
Capacity ml Dimensions mm Price ea. be sterilized in a standard autoclave! 
= @ A six-page bulletin summarizing ap) 'ica- Jirst fo 
12 100 x 16 31 At Laboratory Supply Dealers Everywhere tions; physical, chemical and mechanical 
13 115 x 16 35 properties; and preparation of molybdenum 
18 115 x19 42 carbides and nitrides and ‘Refractory F 
= = The \ Molybdenum Borides,”’ a six-page bulletin 
describing applications; chemical, physi- an 
ALGE C0. Inc. cal and mechanical properties, with 25 
ROCHESTER 2,NEW YORK references; and preparation of molyb- [4366 co 
A300 JOURNAL OF CHEMICAL EDUCATION, JULY, 1956 § Please n 


‘i 
| 
° 
x BALL 
y 
e 
e 
e 
e 
e f 
@ e or 
Val 
e e | Va 
} 
a 
+4 e 
e 
e 
e e | 
e e 
e 
| 
e 
tidy 
: 
lig 
Baier: 


chromatography 
column 


| Outstanding because 


¢ The only valve universally acceptable 
for all chromatographic columns, in- 
L 


ion 


« Valve will not leak or freeze—and no 
lubricant is required. 


« Column is easily taken apart at the 

coupling to facilitate extrusion of ab- 
sorbent for analysis or 
cleaning. 


tems for ¢ Sturdily constructed of 
m, was heavy wall tubing for 
ected in utmost safety in han- 
or pro- dling and in operation. 
rystals, Designed for flexibility 


Minne- 
vayne & 
Penn- 


—column length, por- 
osity can be adjusted 
easily with interchange- 
able parts and ac- 
cessories. 


Removable filter disc 
permits use of one 


umaloy 
new &8- 


Tite to column over wide range 
Ave., of absorbents. 
1040, 


g_ illus- 
ec-Lab, 
lustrial 
Jarrell- 
onville, 

John 


ratalog 
il brick 
s just 
ast for 
ers, to 
c., 230 
setts. 


onville 
nufae- 
nenta- 
Cata- 

glass 


ers. 

Irving 

avail- 

eights 

page} Ultramax chromatography 

column has been enthusiastically 

aclear } Teceived in many laboratories. Here 

yolt-| are only a few good reasons why 

«| by | users prefer them. Write today for 

> 4 complete information and prices. 
“T In fact, contact Fischer & Porter 

plica- | first for all precision glass. 

nical 

enum 

"| FISCHER 

and PORTER CO..0 

olyb- | 4366 COUNTY LINE ROAD, HATBORO, PA. 
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denum boride compounds, have been 
issued by Climax Molybdenum Co., Dept. 
L, 500 Fifth Ave., New York 36, N. Y. 
Copies of the bulletins, designated Cdb-7 
and Cdb-8, are available on request. 


MISCELLANY 


% Having trouble keeping up with new 
developments in your field? Vol. 13, No. 
2, Aminco Laboratory News, contains an 
article which lists 89 important scientific 
developments for 1955. 


*% According to Phywe News No. 1, 
April, 1956, a unique approach to improv- 
ing instruction in the sciences is in its 25th 
year for thiscompany. They have offered 
perfection courses for primary, secondary 
and high-school instructors, tuition free 
with low cost housing and meals. Courses 
to be covered this summer include physics, 
chemistry, biology, building materials, 
soils, etc. This brochure, recently revived 
is available from the company, P.O.B. 
665, Gottingen, Germany. 


* T. S. Hodgins, in a recent issue of 


Daigger’s Apparatus Digest, lists 15 things. | 


industry can do to assist in removing the 
current scientific personnel shortage as 
well as six specific suggestions for the 
secondary school administrators. This 
latter list should be used as a nucleus for 
work in this area. 


% You may now buy your wife “molecular 
polkadots.’’ Inspired by the ‘molecule 
ballet’? sequence of Monsanto’s new 
16-mm. color film “The World Nature 
Forgot,’’ Lorraine Bundy, Inc., of New 
York now has summer originals featuring 
the benzene ring. This story and an- 
other of interest to Izaak Waltons, ‘“The 
Formula for Fish,’’ is to be found in the 
March-April issue of The Monsanto 
Magazine. 


* A report of accelerated math courses 
in Union High School, Union, New Jersey, 
in an effort to challenge pupils with a high 
degree of nature intelligence is given in 
the EMC-SMC Newsletter #90 and is 
available from the commission, 29 W. 
39th St., New York 18, N. Y. There 
has been much talk and lots of writing 
on this kind of an idea, but Mr. Stahuber 
has been doing this in his school, success- 
fully, for three years. 


* Drs. George A. Lane of Dow Chemical 
Co. and Malcolm Dole of Northwestern 
University report in Science Magazine 
a previously unknown natural cycle. This 
cycle is the solution to the long-sought 
question concerning the cause of the 
“Dole effect’’ (a higher percentage of 
heavy oxygen in the air than in water). 
The Lane-Dole experiments indicate the 
“Dole effect’’ is a result of the breathing 
process of plants and animals who consume 
an amount of light oxygen from the atmos- 
phere exactly equal to the amount added 
by photosynthesis. This maintains a 
steady ratio of light to heavy oxygen in the 
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FREE 


TO ANALYTICAL CHEMISTS 


(ANALYTICAL 


FILTER PAPER 
SAMPLER 


ht 

To acquaint you with S&S Ana- 
lytical Filter Papers, we invite 
analytical chemists to mail the 


coupon below for a free sampler 
made up of several grades. 


As an analytical chemist, you 
know thrt precise chemical anal- 
ysis requires filter paper of the 
proper quality and density. 


For those who demand only the 
finest working tools, S&S Filter 
Papers offer these advantages: 


1. Standardization, for consis- 
tent accuracy — complete 
physical uniformity. 

2. Selection, for more precise 
analysis — a wide range of 
types from which to choose. 


Make your own tests! Send for 
your S&S Filter Paper Sampler! 


S&S ULTRA FILTERS 


S&S dual-purpose Ultra filters — 
smooth-surfaced membranes _pos- 
sessing extremely uniform micro- 
structure—are ideal for filtration of 
colloids, proteins, and micro-organ- 
isms, as well as dialysis and osmosis. 
Mail coupon below for free S&S 
Ultra Filter Catalog. 


MAIL THIS COUPON TODAY 


| SS CARL SCHLEICHER & SCHUELL CO. 
' 


Dept.JC76, KEENE, NEW HAMPSHIRE 
Send me your FREE 


0 S&S Filter P Sampler 
BG Sas Ultra Filter Catalog | 
Name. | 
Company. 
city State. | 
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“For Scientists Everywhere" 


New! 
KROMO-TOG® 


For Gas and Vapor- Phase 
CHROMATOGRAPHY 
@ae | 
Routine Analysis in 
Any Laboratory ! 
© Process Control in 
Manufacturing ! 


Bench or panel-mount anywhere . . . uses 
metal columns of various lengths . . . 
analyzes gases or liquids, even liquids 
boiling up to 300°C. 

Fractions collected easily, individual 
temperature control of cell and columns, 


COMPACT SIZE 


Only 24” x 16” x 13” 


BUILD-UP DESIGN 


Accessories can be 
added to basic unit 


exclusive Burrell features. You'll get un- 
expected accuracy and thoroughness far 
faster than ever before. 


Cat. No. 340-30 — $695. for Basic Unit * Ask for Bulletin 831 


F. B, PITTSBURGH, PA. Trademork 


BURRELL CORPORATION 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


finest detector cell available and other { 


Scientific Apparatus and Laboratory Supplies 


THE BEST ELECTRIC LABORATORY 
OVEN BUY ON THE MARKET TODAY 


GREY ENAMELED STEEL EXTERIOR OMLY 


_ STAINLESS STEEL INTERIOR. ea 
Recent design improvements make the J, 95, 00 
BLUE 'M’LINE 


Blue M Ultra Modern Ovens even 
more convenient and economical 


Engineered for years of trouble-free 
service, 


Unequalled for procedures involving 
Baking, Drying, Pre-heating, 
Sterilization, Aging, Tempering, 
Conditioning, ete. 


Alse available in Stainless Stee! Exterior. 


Temperature Ranges Up to 288° C. 
Automatic Trigger Control. 
Response Sensitivity + 14° C. 

UL. Approved, i 
Write Dep't EO—C 
for Supplement No. 1 


ACE GLASS INCORPORATED 


VINELAND a@ NEW JERSEY : ALSO IN STOCK 
LOUISVILLE, KY, 639-41 SOUTH HANCOCK ST 
AT OUR 


Glasswar Spteccatists to Qudustrg aud Research LOUISVILLE WAREHOUSE 
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atmosphere and has been name! 
“oxygen isotope cycle.”’ 


*% The Industrial Bulletin of  Arthy 
D. Little for March, 1956 reveals, in 
short article, one of the essential keys to tly 
study of chemistry, terminology, an 
nomenclature. Emphasis is placed upo 
name meanings and structure which ay 
so baffling and confusing to the layma 
and student but become the “ope 
sesame’’ to the scientist. 


% Two new mathematical charts de 
veloped by E. J. George, Sun Oil (% 
engineer, and distributed exclusively by 
Frederick Post Co. Chicago 90, Illinois 
under the name ‘Calculine,’’ provide 4 
convenient, economical tool that can b¢ 
used for the same purpose as a slide rule of 
calculating machine. Calculine chart 
are priced at $0.85 per set. A set consists 
of one chart for multiplication and divisior 
and one to compute squares, cubes, root 
of numbers and logarithms. 


*% Applications will be accepted through 
September 4, 1956 for the second group olf 
Senior postdoctoral fellowships to be 
awarded by the National Science Founds- 
tion during the current calendar year. 
‘ellowships will be awarded in mathemat+ 
ical, physical, medical, biological, engineer- 
ing and other sciences, including anthro- 
pology, psychology (other than clinical), 
geography, certain interdisciplinary fields, 
and areas of convergence between the 
natural and social sciences. Names of 
successful fellowship candidates will be 
announced on October 16, 1956. 

To be eligible for these awards, candi- 
dates must be citizens of the United States 
with demonstrated ability and special 
aptitude for advanced training and _pro- 
ductive scholarship in the sciences. In 
addition, candidates must have at least 
five years experience beyond the science 
doctorate or its equivalent. 

Fellows will be selected on the basis o! 
ability as evidenced by letters of recom- 
mendation and other evidence of tain- 
ment. Candidates’ qualifications will be 
evaluated by carefully chosen pancls o! 
scientists. Final selection of Fellow» will 
be made by the National Science Founda- 
tion. Annual stipends from $2,000 to 
$10,000 adjusted to match as closely as 
feasible the regular salaries of the «ward 
recipients, may be applied toward »\udy 
or research in an accredited non-proli! in- 
stitution of higher learning in the United 
States or abroad. A limited allowance to 
aid in defraying costs of travel for a Fcllow 
and his dependents will also be availble. 

Applications and further details may be 
obtained from the Division of Seientifie 
Personnel and Education, Nationa! Sci- 
ence Foundation, Washington 25, D. ©. 


* For those who are facing the approa:h of 
forced retirement an interesting pam) hlet 
discussing this question of Chronolovical 
vs. Physiological Aging in Industry has 
just been published by the Occupational 
Health Institute, 6 E. 30th St., New York 
16, ¥. 
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4048. TRIPLE-BEAM BALANCE, Low Form. This 
modern general-purpose balance is particularly well 
suited for physics and general science laboratories. 

It weighs to 1610 grams with a sensitivity of better 
than 0.1 gram and, using the auxiliary weight listed 
below, its capacity can be increased to 2110 grams. 


One-Piece-Beam of Stainless Steel 


By skillful design, the beam has been given excellent 
rigidity and low inertia—primary requirements for a 
good balance. It is formed of a single piece of stainless 
steel. 

Each scale arm is somewhat higher than the one in 
front of it, making eye-level readings easier and making 
the center and rear poises, or sliding weights, more 
accessible. By etching the numeral and scale divisions 
directly onto the stainless steel, separate scale plates 
with their rivets and screws are eliminated. Calibra- 
tion notches on the arms are wide and deep to make 
incorrect poise settings quite unlikely. The lifting bar 
on the central poise does not obscure the rear scale and 
all poises are non-removable. And lastly, the design is 
such that the beam can be manufactured economically 
on a quantity basis, thereby providing a better balance 
at lower cost. 


Durable Knife-edges and Bearings 


Both pairs of knife-edges are of Cobalite, a special 
alloy having exceptionally good properties for this 
application. All four bearings are large, widely spaced, 
pre-aligned with precision fixtures, and made of agate. 
They are well covered to prevent contamination by 
spilled materials or damage by accidental blows. 


Serviceable Finish 


The useful life of most balances is limited by cor- 
rosion. This Welch balance has its pan, beam, and 
virtually all exposed moving parts constructed of stain- 


Large Capacity - Highly Corrosion Resistant 


TRIPLE-BEAM BALANCE 
With Stainless Steel Beam and Pan 


Capacity 1610 g. 


Sensitivity 0.1 g. 


@ Three Scales Easily 
Read at Eye-Level 


@ Beam Arrest les 
Faster Weighing 


@ Base Silver-Gray 
Hammerloid Finish 


less steel to provide maximum resistance to corrosion. 
The base and other parts are finished in silver-gray 
Hammerloid, a smooth, acid-resistant finish that resists 
chipping and cracking, can be wiped clean with a damp 
cloth, and retains its beautiful luster indefinitely. 
There are no corners in the base to collect dirt or spilled 
materials. 


All Essential Features Plus Extras 


To speed up weighing operations, a beam arrest is 
provided at the left end of the base. The oscillating 
beam damps down instantly when the button is pressed. 
It is spring released. 

Zero adjustment is provided by double knurled nuts 
which lock where set. They are located below the pan 
where accidental disturbance of their adjustment is 
unlikely. 

A hook is provided on the mechanism under the pan 
for suspending objects below the base, as in specific- 
gravity determinations. The entire balance may be 
supported on a vertical rod, a 13-mm hole being pro- 
vided for this purpose on the under side of the base 
casting. This means of support is advantageous not 
only for specific-gravity work but for eye-level weighing 
in general, and wherever table surface is limited. 

The balance is 5*/, inches high and 15%/, inches long. 
The pan is 5*/, inches in diameter. Two extra weights 
to give a capacity of 1610 grams are included. 

Each, $21.00 
4048C. PLASTIC COVER, For No. 4048, 
Each, $0.90 


4048W. EXTRA WEIGHT. For increasing the 
capacity of No. 4048 Balance to 2110 grams. It con 
sists of a hanger having an effective weight of 1000 
grams and which will support one of the extra 500-gram 
weights furnished with the balance. A bracket, to be 
attached to the balance for supporting this weight wher 
not in use, is included. Each, $1.45 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
———-ESTABLISHED 188 

1514 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 

Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Tis month we would appreciate your forebearance 
while we talk about us. We mean “us” to include edi- 
tors, authors, and you readers as well. May we com- 
ment a bit about the table of contents for this month? 
This may sound like an easy out for a harassed, idea- 
less editor. Maybe we need one! Being a college pro- 
fessor and an editor during the last part of May when 
this issue leaves our office hardly leaves us time to water 
our cactus. 

The real point of this inspection is to emphasize 
again one of our aims when choosing the contents of an 
issue. This is to try to achieve the diversity we feel we 
owe you readers. Sometimes it is not possible in one 
number. This time we think it has been. Let us take 
a look at the subjects first. 

There is a survey of recent contributions from the 
chemist’s laboratory to make a better commercial prod- 
uct. It is always difficult to classify articles dealing 
with theoretical aspects of chemistry as being contri- 
butions to one or another of the branches of chemistry. 
We think both physical and analytical courses could 
use some of this issue as reference material. The same 
applies to ideas which have proved to be successful in 
the laboratory. If first impressions can serve as labels, 
this month we have some innovations in experiments 
and apparatus for the organic, physical, biological, and 
analytical laboratories. For those who are looking at 
the over-all plan of a chemistry curriculum, there is in- 
formation on the place of organic analysis and a method 
of providing a research emphasis for undergraduates. 
Teachers of both general and biological chemistry will 
find that this month’s historical article will improve 
their perspective. Knowing where to find information 
is often more useful than the facts themselves; two 
articles deal with the literature of chemistry. One 
article might even be classified under the heading, 
“Public-relations ideas for colleges.” 

The titles of books reviewed show a similar spread of 
topical emphasis, from introductory textbooks to re- 
search treatises. The Editor’s Basket items contribute 
still further to your keeping up with the chemical world. 


Items range from news of new equipment and available 
trade literature to those defying classification as other 
than “miscellany.” When we are talking about diver- 
sity and keeping up to date, we always include THIS 
JOURNAL’s advertisements. None of you can afford 
not to read them carefully. Their story is one of last- 
minute, latest-model service and efficiency. (P. S. 
When you act on an ad, please tell the advertiser that 
you saw it in THIS JOURNAL!) 

Our contributors this month have a comparable 
variety of professional affiliations. Naturally, uni- 
versities and colleges in just about equal number are 
most prominent on the list. Authors are also in a high 
school, a government bureau, and a research institute. 
You will note further that we have contributing friends 
in Great Britain, Austria, and South Africa. A typical 
proportion of our authors this month first read their 
papers at scientific meetings. The programs of three 
divisions of the A. C. 8. (Chemical Education, History 
of Chemistry, and Chemical Literature) as well as 
A. C. 8. regional meetings and sectional associations of 
chemistry teachers are represented. 

With such a variety of topics and contributors, the 
criticism might be made that all we have collected is a 
hodge-podge. This danger we recognize and hope we 
have avoided. It may be interesting to you to know 
that every article in this issue returned in manuscript 
form to the author at least once, accompanied by 
referees’ and editors’ comments. The modifications re- 
quested were invariably with the diversity of interest 
among you readers in mind. 

This does not mean that we tried to find something 
which would appeal to the primary interest of each of 
you. To do so would have produced a collection that 
would have been as lively reading as a dictionary. 
Rather what we hope we have done is to give you a 
chance to share the enthusiasm that others have for 
what they are doing. If you have added a new interest 
or broadened an old one by the time you put this issue 
down, we will be rewarded for our deliberate planning 
toward diversity. If you have not, please let us know. 
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ADDITIVES 


Av ne turn of the century, the sole functions of a 
lubricant were to reduce friction and wear of moving 
parts and to act as a mild heat-transfer medium. Bear- 
ing loads were low and static; comparatively low oper- 
ating speeds were the order of the day. Bearing metals, 
such as tin-base babbitt or cast iron, used under the 
mild conditions then prevalent were generally highly 
resistant to corrosion. At that time, refined petroleum 
oils and waxes and simple calcium-and sodium-base 
greases were more than adequate for the lubrication 
requirements of existing machines. 

Mechanical improvements and advancements lead- 
ing to the development of the internal combustion en- 
gine and all of its ramifications increased the severity of 
operating conditions in terms of high bearing loads, 
greater speeds, and elevated temperatures. Speed be- 
came the watchword. Metallurgists developed bear- 
ing alloys of much greater load-bearing characteristics, 
but, in many cases, these materials were sensitive to the 
ravages of corrosion. Under these severe conditions, 
it soon became evident that the demands placed upon 
effective lubricants were not being met by even the most 
highly refined petroleum oil. It became necessary to 
develop chemical additives which, when blended in the 
proper concentrations with petroleum stocks, improved 
the existing properties and/or added new important 
characteristics to the lubricant blends so that they 
might function efficiently in modern high-speed engines. 
The transition of a lubricant to a complex multifune- 
tional material may be illustrated by a consideration of 
the various types and functions of the additives now 
used in lubricant blends (see the table). 

The present discussion will be limited to agents which 
can be added to petroleum-base liquid lubricants. 


Lubricating-oil Additives 
Additive Use 
Antioxidant Prevent oil decomposition 


Reduce friction and wear at moder- 
ate temperatures 

Reduce friction and wear at high 
temperatures 

Decrease low-temperature use limit 

Lower the viscosity-temperature co- 


Lubricity additive 
Extreme pressure agent 


Pour-point depressant 
Viscosity index improver 


efficient 

Rust inhibitor Protect metal surfaces against cor- 
rosion 

Detergent Prevent formation of sludges and 
varnishes 


Keep insoluble decomposition prod- 
ucts in suspension 
Break foams 


Dispersant 
Foam inhibitor 


oo THE CHEMISTRY OF LUBRICATING-OIL 


ARNOLD MILLER 
Armour Research Foundation, Chicago, Illinois 


Synthetic lubricants, such as the esters of dibasic acids 
or the silicones, should be described separately. 


ANTIOXIDANTS 


The use of new bearing alloys which exhibit catalytic 
effects at the higher operating temperatures in present- 
day engines has made the conventional oils of the 
1930’s obsolete with respect to oxidation stability. 
Oxidation products may be polymeric sludges which 
raise the viscosity of the lubricant so that bearings are 
fouled, or they may be acids and acid precursors which 
contribute to corrosion of bearing surfaces. 

Attempts to study oxidation of lubricants in engines 
alone are not successful because of the large number of 
unknown or uncontrolled contributing factors. The 
mechanisms by which pure hydrocarbons are oxidized 
has been studied during the past 20 years as an adjunet 
to engine testing. On the basis of work to date (/, 2, 3), 
it is believed that the oxidation of hydrocarbons in- 
volves the formation of organic hydroperoxides by a 
free-radical chain reaction. The initiation reaction is 
thought to be the formation of a free radical through 
the removal of a hydrogen atom from the hydrocarbon 
molecule. 


RH — R° + H’ Initiation 


This initiation reaction may be activated by metal ions, 
heat, or light. 

The free radical reacts with oxygen to form the per- 
oxide radical, which in turn forms a hydroperoxide by 
removing an atom of hydrogen from another hy«ro- 
carbon molecule. 


ROO’ 
peroxide 


ROO’ + R/H — ROOH + R” 
hydroperoxide 


+ Oy 
Propagation 


The continuous repetition of the above two reactions 
propagates a chain reaction whose rate is dependent 
upon the stability of the resultant hydroperoxide. 

The various hydroperoxides participate in or initiate 
a number of simultaneous reactions. The decomposi- 
tion of the hydroperoxide molecule proceeds by break- 


ing the O—O bond to produce two free radicals. ‘I’his 
introduces branching in the reaction sequence. 
ROOH — RO’ + ‘OH Branching 


The resultant free radicals which came from the hy- 
droperoxide decomposition in the branching step may 
participate in a complex sequence of reactions. A 
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A few of the 


large variety of end products results. 
primary steps are shown below, 


‘OH + RH — HOH + R’ 


water free radical 
H 
hoo: RCO + 
H { 
aldehyde hydrogen atom 
H 
hoo: + R/H — RCH,OH + R” 
I alcohol free radical 
H 
ko: + R’H — RCH,OR’ 
ketone 
H 
CHO + RCH, 
t formaldehyde free radical 


The newly formed hydrocarbon free radicals may 
then be oxidized to form more peroxide radicals; the 
aldehydes, ketones, and alcohols formed may be further 
oxidized, and secondary condensation reactions may 
produce high molecular-weight polymers. This pro- 
duction of long chains of repeating, self-propagating 
reactions after the initial absorption of oxygen results 
in autocatalytic oxidation at an ever increasing rate. 

As the supply of oxygen or reactive fragments is ex- 
hausted, the termination processes begin to outweigh 
the propagation step, and the oxidation tends to stop. 
Termination may occur by a number of processes. 
The reeembination and disproportion of hydrocarbon 
radicals can lead to stable molecular end products, or 
the reactions can form free radicals which are too stable 
to participate in further chain transfer. Again it 
should be emphasized that the type of oxidation prod- 
uct and the exact nature of the individual secondary 
processes are determined by the structure of the hydro- 
carbons and the temperature of the reaction system. 


2k’ RR 
2ROO’ — ROOR + O, 


Termination 

Mixtures of hydrocarbons generally do not oxidize 
in % manner which would be predicted by adding the 
effects expected from the individual components singly. 
For example, substituted naphthalenes are relatively 
stable toward oxidation by themselves; when mixed 
with a highly refined paraffin-base oil they are oxidized 
preferentially so that the blend oxidizes rapidly. At 
present the occurrence of these induced oxidation effects 
makes it impossible to predict accurately the behavior 
of new hydrocarbon blends. 

Inhibitors have been developed to reduce markedly 
the over-all rate of oxidation. The inhibitors may act 


through two types of reaction. One inhibitor type 
functions as a chain-terminating agent by reacting with 
the free radicals formed in the propagation step. Sta- 
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ble products are formed which prevent further partici- 
pation of that particular chain in the reaction sequence. 
The other type is characterized by the ability to passi- 
vate metal-bearing surfaces or metal ions so that the 
catalytic effect on the oxidation rate (3) no longer 
exists. The chain-terminating additives are usually 
organic aromatic amines, phenols, or sulfides. Cata- 
lyst poisons are usually organic sulfides, phosphites, or 
thiophosphates. 

The demands for even more oxidation-resistant lubri- 
cants for the future in newly designed high-speed en- 
gines spurs on further study of lubricant oxidation 
mechanisms. Even more stable antioxidants must be 
developed. At present, dialkyl selenides (4) and 
phenothiazines (5) appear to offer great promise as 
high-temperature oxidation inhibitors, 


LUBRICITY AND EXTREME-PRESSURE ADDITIVES 


The various lubrication domains which are known to 
exist are represented in Figure 1. Under optimum 
operating conditions, journal bearings exhibit frictional 
characteristics which are determined by applications of 
the laws of hydrodynamics propounded by Reynolds 
and Tower in 1885. The frictional drag is dependent. 
on the geometry of the bearing, the applied load, the 
shaft’ velocity, and the viscous-flow properties of the 
lubricant, Bearings are so designed that oil is drawn 
automatically into the bearings as the relative velocity 
of the shaft exceeds a given minimal value, if the bear- 
ing load is kept comparatively low. In the hydrody- 
namic region, the two mating surfaces are separated 
by a wedge of compressed lubricant with a thickness 
greater than the surface roughness of the bearings. 
The composition of the bearing materials does not enter 
into the friction calculations, and the problem of wear 
induced by metal-to-metal contact is unimportant. 
The viscosity of the lubricant is the only important 
physical property to be considered in this type of 


lubrication. In hydrodynamic systems both the fric- 
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Figure 1. Lubrication Regions in a Journel Bearing System 
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tional drag and the wedge thickness increase as the 
viscosity of the lubricant is raised. It is therefore 
necessary to choose a lubricant blend whose viscosity- 
temperature characteristics will meet service pour-point 
requirements and maximum allowable frictional drag, 
and yet also will maintain a suitable thickness of oil 
wedge. 

When the bearing load is increased, or the oil viscosity 
decreased, or the shaft velocity reduced, the oil-wedge 
thickness decreases continuously until more and more 
oil-wedge breakdown occurs. In the moderate break- 
down region, the load is incompletely born by the par- 
tially shattered oil wedge. In this mixed, or quasi- 
hydrodynamic, lubrication region the frictional re- 
tarding forces increase many hundredfold and the 
laws of fluid mechanies are incapable of fully explaining 
the observed high frictional forces. New effects involv- 
ing the summation of a myriad of microscopic surface 
interactions must be included. If the thickness of the 
oil wedge is allowed to fall much below 6000 A., all 
apparent hydrodynamic effects cease and the efficiency 
of the lubricant is defined by the laws of boundary fric- 
tion. This oil thickness is less than the height of the 
asperities on the bearing surfaces. 

In the boundary lubrications region the frictional re- 
tarding forces present are essentially independent of 
the shaft velocity, applied load, bearing geometry, and 
lubricant viscosity. The frictional forces are a mani- 
festation of microscopic surface chemical phenomena in 
which there is interaction between the metals of the 
bearing faces and the components of the lubricant. 
The load is not uniformly distributed, but is borne at 
the tips of the surface asperities. Under the conditions 
that result from concentrating the load at the peaks of 
the surface asperities, plastic deformation of the peaks 
in contact occurs until the true area of contact is suffi- 
ciently great to support the load. Pressure welds are 
formed at the tips of the surface asperities. These are 
sheared during the relative motion of the bearing sur- 
faces. Frictional heating and galling result. The 
boundary friction forces stem from this shearing of the 
many microscopic surface welds. 

Lubricants applied in a thin film to a bearing system 
under boundary lubrication are believed to function 
by interaction with the metals in the mating surfaces. 
This changes the nature of the surface and decreases the 
coefficient of friction either by decreasing the number of 
microscopic surface welds or by lowering the shear 
strength of the welds (6). Since boundary friction is a 
surface phenomenon, the lubricating ability of a par- 
ticular oil blend may be altered by the addition of small 
concentrations of surface-active agents. These radi- 
cally change the nature of the mating surface by the for- 
mation of oriented monolayers adsorbed on it. The net 
effectiveness of the oil is determined by the type and 
nature of the reactions with the specific bearing metals. 
Studies (7) of additive systems have revealed that two 
adsorption mechanisms are possible. One involves the 
physical adsorption of the additive to form the mono- 
layer, while the other involves the chemisorption of a 
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reactive functional group with the surface atoms of the 
metal in the bearings. In the case of physical adsorp- 


‘tion, the resultant friction obtained for a given addi- 


tive blend through a range of temperature is relatively 
independent of the nature of the bearing metals. 
However, where chemisorption is involved, the reactiy- 
ity of the bearing metals becomes extremely impor- 
tant. The effectiveness of a given lubricity additive 
may be shown to be dependent on a number of vari- 
ables (8). These include the adhesional force between 
the polar group and the adsorbent, the sum of the van 
der Waals interactions between the adjacent methyl- 
ene groups of the surfactant which make up the co- 
hesional force, the resistance of the monolayer toward 
mechanical compression, and the ability of the surfact- 
ant molecules to pack closely together. The same 
additive may function by either a chemisorption or a 
physical adsorption mechanism, depending on whether 
or not the bearing metals are of a type which can react 
with it. Thus, oleic acid is physically adsorbed on 
gold-bearing surfaces, but forms a soap during chemi- 
sorption on lead surfaces. 

“Extreme-pressure’” (EP) agents are a misnamed 
class of materials which may be added to lubricating 
oils to lower the coefficient of boundary friction in bear- 
ing systems under certain conditions. High temper- 
ature, rather than the high loads (“extreme pressure’’), 
present in the bearing system are necessary for the 
effective functioning of EP agents. These compounds 
thermally decompose at the high temperatures occur- 
ring on the surfaces of heavily loaded bearings. This 
produces reactive fragments which form compounds 
with the bearing metals. These surface compounds 
have a lower shear strength than the corresponding 
base metal; the resulting coefficient of friction is 
lower. Compounds containing sulfur or chlorine (7) 
have been utilized as extreme pressure agents for many 
metal systems. Representative compounds are di- 
benzyldisulfide and chlorinated waxes. Phosphorus 
compounds (9) act as polishing agents in steel systems 
by forming a low-melting eutectic with steel. This 
aids the wear-in process. In the case of extreme- 
pressure additives, it is again important to study the 
agents in specific bearing-metal combinations, since the 
nature of the reaction products, and hence the coeffi- 
cient of friction, is established by the pair of bearing 
metals which is being used. The high-temperature 
solubility of any potentially good new additive must be 
such that the surface-active agent will maintain a 
sufficiently high concentration at the liquid-solid inter- 
face. Finally, the resultant compound formed on the 
metal surface must be insoluble in the bulk solution. 
If it were soluble, its leaving the metal would produce 
detrimental corrosion. 

The development of additives capable of reducing 
friction between bearing surfaces at high loads has 
made possible the widespread use of the hypoid gear in 
the automobile industry, extension of the lifetime of the 
cylinders of aircraft engines, and the effective use of 
special high-speed antifriction bearings. 
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POUR-POINT DEPRESSANTS 


One of the requirements for modern lubricants is that 
oil blends be able to pour and be pumped easily under 
severe cold environments, yet not be excessively volatile 
at elevated temperatures. The lubricant must function 
effectively both in a cold engine and, after warm-up, in 
the hottest regions of the piston walls. In most cases, 
straight petroleum-oil blends do not meet the strict vis- 
cosity requirements set up by present-day operating 
conditions. Polymeric materials have been developed 
which modify the flow properties of lubricants so that 
they can function adequately through a wide tempera- 
ture range. 

The pour point of an oil is arbitrarily defined as the 
lowest temperature at which the oil will flow when 
chilled under specific conditions (1/0). Two separate 
and distinct causes for an oil’s having an observed pour 
point are known. One reason for an oil’s no longer 
being able to flow is the crystallization of the wax com- 
ponent in the oil blend to form a rigid semisolid. In 
wax-free oils, the increase in viscosity as temperature 
decreases may become so great that flow ceases. The 
wax pour point may be lowered by a chilling and filter- 
ing operation to remove the wax. The viscous pour 
point may be decreased by the use of low-viscosity 
stocks as components in the blend. However, dewax- 
ing operations are expensive and time consuming, while 
suitable low-viscosity components for blends are not 
always readily available. Other means for solving 
this problem had to be developed. 

Studies of the rheological properties of lubricants be- 
low the wax pour point have been most useful in eluci- 
dating some of the essential features of the mechanism 
of wax pour-point depression and necessary structural 
features of pour-point depressants (//, 12). The wax 
pour point may be lowered chemically by the introduc- 
tion of small concentrations of polymeric materials 
which adsorb on the surfaces of the growing wax crys- 
tals. These so alter the crystal habit that intercrystal 
growth is hindered. The concentration of wax crys- 
tals remains the same at a given temperature, but the 
crystallites do not form a rigid interlocked matrix 
which would impede lubricant flow. Pour-point de- 
pressants are usually high molecular-weight polymers 
which have essentially the same solubility in the lubri- 
cant blend as that of the wax. Polyacylates, n-alkyl 
polymethacrylates, and alkyl-aryl condensation poly- 
mers are among the materials presently used as pour- 
point depressants. 

Pour-point depressants of the type used at present 
have a number of drawbacks. The phenomenon of 
“pour-point reversion” occurs when the temperature 
cycle to which the blend is subjected is such that the 
wax phase is allowed to exist in crystalline form for 
extended periods of time. The pour point of the blend 
containing the depressant under these conditions tends 
to increase gradually; it tends to approach the pour 
point of the straight base oils. There appears to be a 


slow interlocking of the crystallites in spite of the pres- 
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ence of the initially adsorbed depressant, so that a 
fairly rigid matrix is eventually formed. The present 
knowledge of pour-point depressant behavior is such 
that trial-and-error methods have to be used for deter- 
mining optimum solubility characteristics. Additional 
investigation of these factors is needed. 


VISCOSITY-INDEX IMPROVERS 


As previously discussed, the rate at which viscosity 
changes with respect to temperature is important to 
lubrication performance. In order to deal with vis- 
cosity-temperature relationships in a numerical manner, 
the petroleum industry adopted the concept of vis- 
cosity index (VI) as a relative measure of the depend- 
ence of lubricant viscosity on temperature (/3). The 
empirical VI scale is such that the greater the VI of a 
lubricant, the smaller the viscosity-temperature coeffi- 
cient of the oil. It has been shown (/4, 15) that series 
of high molecular-weight linear polymers, such as poly- 
butenes or polymethacrylates, are effective in increasing 
the VI of some petroleum blends. 

The mechanism of VI improver action is not com- 
pletely understood, but present concepts involve both 
the limited solubility of the polymer in the base oil and 
the additive effect of introducing a high-viscosity poly- 
mer (/6, 17). At low temperatures, the polymeric 
additive is only slightly soluble and is solvated to a 
small extent; the bulk of the additive exists in either 
colloidal suspension or in a highly convoluted state. 
As temperature rises, more and more of the polymer 
goes into true solution, the polymer molecules be- 
come highly solvated and uncoiled, and the high viscosity 
of the polymer contributes to a greater and greater ex- 
tent toward the total viscosity of the lubricant blend. 
Thus, at low temperatures, the viscosity of the lubri- 
cant is essentially that of the bulk oil carrier, while at 
higher temperatures it is dependent on the concentration 
and composition of the given VI improver. Hence, the 
net result is to decrease the variation of the viscosity 
with temperature. 

In many cases, VI improvers are subject either to 
thermal or shear breakdown (1/8, 19, 20). This mark- 
edly diminishes the desired viscosity-temperature 
effects. The addition of VI improvers to a base oil 
increases the viscosity of the blend; thus a usable high 
VI blend which exhibits both low viscosity and a 
relatively low volatility cannot be prepared. With the 
present knowledge, proper solubility characteristics 
must be determined by trial and error. 


RUST INHIBITION 


The extended storage of engines under adverse, 
humid conditions and the operation of equipment such 
as steam turbines under extremely severe environments 
require special protection of metal surfaces against 
rusting. A refined petroleum oil by itself is inadequate 
for this purpose. Water droplets easily displace the oil 
film at the liquid-solid interface and initiate corrosion. 
It has been observed that alkaline earth salts of high 
molecular-weight petroleum sulfonic acids, certain 
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Figure 2. Resistance of Oil Blends Toward Water Leaching 


A, Mineral oi] + rust inhibitor; B, pure mineral oil. 


amines and amine salts, and other materials have rust 
preventative characteristics. However, empirical stud- 
ies by themselves soon seemed to exhaust the sources of 
possible additives to meet newer, more severe con- 
ditions. Fundamental studies (20, 2/) on the mode of 
action of rust inhibitors have served to give informa- 
tion for the rational selection of new additive types. 

There are a number of ways in which a rust inhibitor 
may function. Amine inhibitors, for example, may 
neutralize corrosive acids produced during oxidation of 
the oil. Most inhibitors, however, are believed to func- 
tion because of their surface activity. This latter type 
of additive is usually an asymmetric long-chain organic 
molecule which has a polar group at one end. The 
polar group is selectively adsorbed to the metal, build- 
ing up oriented close-packed monolayers at the metal- 
oil interface. The resultant monolayer is hydrophobic 
and resists the leaching effect of water droplets. Fig- 
ure 2 shows the result of a test to demonstrate the cor- 
rosion resistance of a given oil base with and without an 
asymmetric polar additive. The strength of the polar 
bond between the metal and the additive, the compact- 
ness of the resultant film, the solubility of the additive 
in both water and oil, and the temperature of the system 
will determine how effective the rust inhibitor will be. 
Since many of these factors depend on the composition 
and type of bulk lubricant used, it is important to de- 
velop rust inhibitors that are tailor-made for the par- 
ticular oil blend in question. 


OTHER ADDITIVES 


Other material spurposely added to lubricating-oil 
blends include foam inhibitors, dispersants, detergents, 
and pro-oxidants. Oil blends containing high molecu- 
lar-weight VI improvers foam to a marked degree when 
agitated. This makes necessary the use of foam inhibi- 
tors, such as silicones or selected esters. Dispersants 
and detergents are utilized to keep engines free of 
sludge deposits. The dispersants, such as metal 
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naphthenates, function by peptizing sludge deposits and 
keeping them in colloidal suspension. The detergents, 


‘such as barium and magnesium phenolates, function 


either by controlling oxidation processes to prevent for- 
mation of insoluble products or by reacting with the 
oxidation products so that they do not tend to poly- 
merize. Pro-oxidants are oxidation directors which, 
when acting along with a suitable antioxidant, reduce 
the over-all oxidation rate. 


ADDITIVE RESEARCH 


The status of the technology of lubricating-oil addi- 
tives is a fleeting, changing one. As new high-speed 
mechanical devices are conceived and built, existing lub- 
ricant materials and formulations are rendered obsolete. 
New compositions must be developed and pressed into 
use. While the components and nature of lubricating 
oils may differ, the fundamental physicochemical prin- 
ciples underlying their action do not. The growing 
knowledge of these principles serves to guide further 
study in the field of additives for lubricants. 
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® THE USE OF THERMISTORS IN CRYOSCOPIC 


MEASUREMENTS: 


T iermistors, semiconductors possessing rather large 
temperature coefficients of resistance, have been ap- 
plied in several instances to the measurement of tem- 
perature and small temperature differences (/-4). 
However, the adaptability of thermistors to accurate 
measurement of freezing point depression and con- 
centration without the use of elaborate or expensive 
equipment does not seem to have been emphasized. 
The purpose of this article is to point out the prac- 
ticability of cryoscopic measurement of concentration 
by means of a thermistor with an uncertainty less than 
that obtainable with the conventional Beckmann ther- 
mometer techniques (5). A d.-c. Wheatstone bridge, 
such as would be available in any undergraduate phys- 
ical chemistry laboratory, is used to follow the change 
in resistance of the element. In addition, at tempera- 
tures below —39°, the freezing point of mercury, the 
thermistor appears unexcelled for measurements in 
low-melting solvents, such as in the study of weak 
association reactions. 

The usefulness of thermistors as temperature-sensing 
devices results from their relatively large negative tem- 
perature coefficient of resistance. This changes from 
one per cent per degree at 300° to 4 per cent at 25°, 
and 6-8 per cent at —50°, in contrast to about 0.35 
per cent for platinum at all temperatures. Commer- 
cial varieties composed of sintered transition metal 
oxides are available from 0.1 X 0.05 to 1.0 X 0.24 
inches in size, and from 10 to 105 ohms in resistance (6). 
The temperature-resistance relationship of the indi- 
vidual element must be obtained by calibration. 
Although at elevated temperatures thermistors slowly 
increase in resistance with time, this change at room 
temperature and below is usually very minor, and its 
effect on the results can be eliminated. 


APPARATUS 


lor the measurements described herein the Wheat- 
stone bridge shown in Figure 1 was used to measure the 
resistance of the element. The thermistor used was 
a Carbaloy type D-102 (about $3) (6), with resistances 
of 1010, 2300, and 22,000 ohms at 25°, 5°, and —40°, 
respectively. For measurements in the range of 0°-10° 
the bridge circuit included three 1.5-volt dry cells in 
parallel with a 500-ohm resistor in series as the current 
source, a Leeds and Northrup 2420-d galvanometer for 
the detector, and two 1000-ohm standard resistors 
(Rubicon #1183) for the fixed arms. Since the only 
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requirement for these fixed resistors was that their 
ratio be constant, two of the more inexpensive 2-watt 
wire-wound resistors wrapped together were a suitable 
substitute. For the variable resistance, two decade 
boxes (1-, 10-, 100-, 1000-ohm steps) were used in 
parallel so as to increase the sensitivity of the bridge 
without the use of decades with smaller resistance in- 
crements. 

Since the apparatus was to be used for the study 
of complexing reactions in nonaqueous solvent, the 
cryometric cell employed was of all-glass construction 


Figure 1. Wheatstone Bridge Circuit and Freezing-point Cell 
V, 1.5-volt dry cells; Ri, decade resistance box: 1-, 10-, 100-, 1000-ohm 
steps; R2, 1000-ohm standard resistor, Rubicon #1183; Rs, 500-ohm carbon 
istor; G, galv ter, Leeds and Northrup 2420-d; 7’, thermistor, Car- 
baloy D-102. 
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(Figure 1). Evacuation of the intervening space in 
the double wall of the cell gave much more satisfactory 
results, although the usual double cell with only an 
air gap (5) would for many purposes be adequate. 
The thermistor, connected to the bridge with #22 
copper wire, was positioned in the bottom of a thin- 
walled glass tube projecting into the solution from 
above. The bottom inch of this tube was filled with 
petroleum ether for better thermal contact with the 
system. Use of water-miscible liquids here gave er- 
ratic results, apparently due to conduction between 
the lead wires. The thermistor could, of course, be im- 
mersed directly in the solution if it were not conducting 
or reactive. 

Balance was achieved in a closed circuit so that the 
effect. of the bridge current in heating the thermistor 
(about one milliwatt) would reach a steady state. The 
solution was stirred magnetically with a Teflon-covered 
stirring bar. With benzene, 1,4-dioxane, and water a 
cooling bath approximately five degrees below the 
melting point of the solvent was used, while with 
pyridine the cell was cooled with a —80° dry ice-ace- 
tone mixture. With benzene solutions a constant re- 
sistance plateau was obtained for several minutes fol- 
lowing a supercooling of a few tenths of a degree. 
Since the freezing point would be expected to decrease 
as the solvent froze, the rate of removal of benzene 
from the solutions must have been extremely slow. 
With dioxane and pyridine the rather considerable 
supercooling observed was overcome by starting the 
freezing process with a few crystals of the solvent 
already present. Under these conditions, a super- 
cooling of only a few hundredths of a degree was ob- 
served. With dioxane, the rate of change of tem- 
perature with time thereafter amounted to less than 
one millidegree per minute. Under any circumstances, 
since the calibration and experimental observations are 
obtained in the same fashion it is necessary only that a 
consistent technique be used in making the measure- 
ments. 

The reagent grade or EK White Label benzene, 
pyridine, and 1,4-dioxane solvents used were distilled 
from CaH, or LiAIH, into the cell in vacuo in most ex- 
periments and the cell and solvent weighed on a 
solution balance. The dioxane, as obtained from 
Wilfred Borduin, had been treated with HCl, NaOH, 
refluxed over sodium metal, and fractionated in a 30- 
plate Oldershaw column. ‘“Nonaq’’ stopcock grease 
(Fisher Scientific Co.) was used for ground-joint lubri- 
cation in the presence of these solvents. 

Over a temperature interval of several degrees, the 
resistance of a thermistor can be expressed quite 
accurately as: 


In r/ro = — 1/7») (1) 


where B is a constant of the thermistor (6). At the 
freezing point of benzene the sensitivity of the gal- 
vanometer enabled balancing to the nearest 0.03 ohm 
in r, so that a temperature difference of about 3.5 
10~* degree could be detected with this circuit. Use 
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of different relative resistance settings on the parallel 


. decades, or only a single decade, does not affect 


the sensitivity of the measurement provided the vari- 
able is equipped with sufficiently small resistance in- 
crements so that the full sensitivity of the galva- 
nometer can be utilized. 


CALIBRATION IN BENZENE 


As will be shown later, a differential calibration of the 
thermistor that may be adequate for some purposes 
can be obtained by comparison with a Beckmann 
thermometer. Direct calibration of the element could 
also be obtained with a standard resistance ther- 
mometer, if available. However, for molecular-weight 
studies, the simplest and most convenient method of 
calibration was taken to be the direct’ measurement 
of the resistance of the thermistor at the freezing point 
of solutions of known concentration, using systems in 
which the solvent presumably behaved ideally. Phe- 
nanthrene or naphthalene (EK White Label, vacuum 
sublimed) was used as solute in benzene, dioxane, 
and pyridine, and ¢c. p. urea or dextrose in water. 
Concentrations were calculated directly from the 
weights of the components. 

For a dilute solution in which the solvent obeys 
Raoult’s law, the classical expression for the variation 
of the freezing-point depression 47’ with concentration 
is: 


—In N, = AH°AT/RTT, (2) 


where N, is the mole fraction solvent, and the other 
symbols have the usual significance. When allowance 
is made for the change in the heat of fusion with tem- 
perature, the expression: 

AH°AT AC AC (AT) 


—InM = “RPT, QRTT, ~ 6RTTS 


(3) 
can be derived (7), where AC,, the difference in heat 
capacity of the liquid and solid solvent at 7’, is assumed 
constant over the temperature range involved. For 
this work terms higher than 47" in the power series are 
insignificant and can be dropped. 

Substitution for A7’ in terms of the thermistor re- 
sistance (equation (1)), with 77) = 7% in the AC, 
term, gives: 


2.303AC (log r/ro AH °(log r/ro) 


2RB? RB (4) 


—log Ni + 
A test of the suitability of this equation was made 
employing measured values of r at the freezing points 
of 13 known solutions of phenanthrene in benzene. 
A measured value of B, obtained as described below, 
and a AC, of 1.82 cal. mole! (8) were used in evalua- 
tion of the coefficient of the (log r/ro)* term (7.67 X 
10-*). In practice, an estimated B (6) would be 
sufficient. Within the concentration range where the 
solvent behaves ideally, the accuracy of the measure- 
ment varies directly with AT, or Ns. Accordingly, a 
value of 0.3612, for the constant AH°/RB was obtained 
from a weighted average of the ratio of the left-hand 
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side of equation (4) to log r/ro, using Nz as the weight 
for each measurement. The fit of the data to the 
expression so obtained is shown in the table. The freez- 
ing-point depression for the largest concentration 
shown would be 0.542°, as calculated by equation (1). 
The last column expresses the difference between the 
known and calculated values of Nz in terms of the 
equivalent error in measurement of A7', the most 
convenient reference scale for the comparison of the 
results with those of the thermometric method. The 
average and standard deviations of 0.96 & 10-* and 
1.24 X degrees in respectively, or a confi- 
dence range of + 0.74 * 10~-* degrees for a 95-per 
cent confidence level, are indicative of both the ac- 
curacy of the measurements and the suitability of 
equation (4) as a description of the relationship be- 
tween resistance and concentration. The deviations 
obtained here are from one-half to one-fourth of those re- 
ported in the literature for other similar measurements 
with thermistors (/, 2). 

The source of the apparently systematic trend in 
the deviations shown in the table is not known. The 
deviations observed cannot be explained over the en- 
tire concentration range by nonideal behavior of the 
solvent, unless an unlikely change in the sign of the 
deviation is allowed. Although the activity of ben- 
zene in this system apparently has not been reported 
in the literature, the probably similar benzene-naph- 
thalene system has been studied at higher concen- 
trations by Campbell (9). Even at the eutectic (N; = 
0.86) he found a negative deviation of only 0.93 per 
cent. In the second set of data shown in the table 
the largest differences in the deviations found (be- 
tween the third and sixth concentrations) would cor- 
respond to a positive deviation of the solvent in the more 
‘on¢entrated solution of less than 0.01 per cent rela- 
tive to that in the reference solution. It is therefore 
not considered too likely that the deviations from the 
theoretical equation observed are a real indication of 
the nonideality of the benzene. No recognizable non- 
ideal behavior was found in any of the systems studied. 

More likely sources of the discrepancies observed in 
the calibration data may have been small weighing 
errors, uncompensated lead resistances, or the need 
for additional small terms in the description of the re- 
sistance of the thermistor by equation (1) (/0). Since 
these deviations show a regular trend, they could be 
reduced by curve fitting, although the desirability of 
having a theoretical expression to express the rela- 
tionship may be considered more important. 

A value of 2345 calories for the molar heat of fusion 
of benzene was calculated from the constant AH°/RB 
obtained in the calibration, and a measured value of B 
(see below). This compared to 2351 cal. mole~' re- 
ported from calorimetric measurements (8). A heat 


of fusion of 2344 cal. mole~! was obtained from the 
same data without the use of the AC, term, and the 
data fit the resulting equation with the same accuracy. 

The thermistor so calibrated has been used to de- 
termine molecular weights, 


to measure solubilities, 
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The Suitability of the Equation (—log N, + 7.67 x 10° 
(log r/ro)? = 0.36122 log r/r) as a ription of the Cali- 
bration Data for Phenanthrene in Benzene 


log Ne Nz cale, AN: A( AT’) 

roy ohms r ohms X10®° X10®8 K108 108 
2299. 09 2305. 39 «1.1883 1.024 0.988 +3.6 +2.30 
2311.52 2.3415 1.950 1.946 +0.4 +0.32 

2317.24 3.4148 2.823 2.836 —1.3 —0.85 

2321.86 4.2801 3.554 3.553 +0.1 +0.08 

2327.18 5.2740 4.386 4.377 +0.9 +0.62 

2334.02 6.5486 5.435 5.431 +0.4 +0.23 

2348.63 9.2588 7.689 7.670 +1.9 +1.28 

2288.92 2206.45 1.4265 1.194 1.186 +0.8 +0 51 
2303.81 2.8160 2.324 2.339 —1.5 —0.97 

2314.16 4.7628 3.920 3.953 —3.3 —2.22 

2321.80 6.1942 5.114 5.1388 —2.4 —1.57 

2332.06 8.1090 6.710 6.721 —1.1 —0.71 

2341.75 9.9100 8.219 8.207 +1.2 +0.78 

1.5 0.96 

Av. dev. 

1.24 


Std. dev. 


and to study the stoichiometry of reactions of gal- 
lium(LI) halides. For example, from measurements 
on ten concentrations of naphthalene in benzene up 
to Ne = 0.0078, or 0.101 molal, an average molecular 
weight of 128.08 + 0.66 average deviation (0.87 
standard deviation) was calculated, as compared to 
128.16 for the accepted value. The trend in the values 
obtained was the same as observed in the calibration. 
From the change in resistance observed when benzene 
was saturated with SblI;, the solubility at 5.5° was 
calculated to be 6.00 + 0.06 gram per 1000 grams of 
solvent. 


ALTERNATE EXPRESSIONS 


The use of equation (4) for the calibration and 
subsequent evaluation of molecular weights may for 
many purposes be found to be somewhat lengthy, 
since evaluation of log NV; and antilog NV; for N, close to 
unity requires use of the first two or three terms of the 
equivalent. power series expansion, A more facile ex- 
pression can be derived from equation (4) with only 
minor approximations. Taking —In = m]1,/1000, 
where m is the molality and 4/7), the molecular weight 
of the solvent, and noting that r/ro is equal to 1 + 
Ar/ro, expansion of In (1 + Ar/ro) in a power series gives: 


1000 AH® [Ar ACT 


RBM, 
A calibration can then be obtained by fitting the data 
to this quadratic in Ar/ro. Actually the AC, term for 
benzene is so small that it can be dropped, giving the 


simple expression : 
RBM, To 2 ro 


Fitting the same benzene calibration data to this one- 
constant equation gave average and standard devia- 
tions of 1.11 and 1.43 degrees in A7’, and 
a AH® of 2349 cal. mole~', values not significantly dif- 
ferent from those obtained with equation (4). Equa- 
tion (6) is “the resistance-concentration relation that 


n= 


m= 
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has been found most convenient for subsequent ap- 
plications of the thermistor in this laboratory. 


Ar/ro are allowed to vary independently, the error in 
the approximation of molality for log N;, as well as 
any systematic errors, can be partially eliminated. 
A general quadratic in Ar/rp was fitted to the same 
data with average and standard deviations in AT of 
0.83 X 10-* and 0.95 X 10-* degrees, respectively, as 
compared to 0.96 X 10-* and 1.24 degrees ob- 
tained by equation (4). 


- T 7 T T T T T T 


20r- 


= 
= 

wh 


Nex 10° 
Figure 2. Ar/ro versus N2 for the Benzene Calibration Data 


Actually for student use a large graph of Ar/ro 
versus m or N, is probably the most convenient pro- 
cedure as the result is very nearly linear (Figure 2). 
This behavior indicates the small contribution of the 
(Ar/ro)? term in equation (6). Slightly better results 
can be obtained if the deviations of the data from the 
straight line m = a (Ar/ro) are either plotted or de- 
scribed analytically, and these applied to the con- 
centrations calculated from the linear relationship. 
If a quadratic is used to fit the deviations the results 
are the same as those given in the previous paragraph. 


OTHER SOLVENTS 


Cryoscopic measurements in dioxane and in water 
utilizing the thermistor gave similar results. In 
dioxane, five concentrations of naphthalene up to Nz = 
0.009 fit equation (4) with an average deviation in 
AT of 0.82 X 10-* degrees, using a AC, of one cal. 
mole! (//). An estimated B gave 3021 cal. mole! 
for the heat of fusion, as compared to 3070 and 3017 
cal. mole~' reported in the literature (11, 12). The heat 
of fusion of water similarly obtained differed from the 
accepted value by three calories. 

Since measurements in low-melting solvents with 
Beckmann thermometers are limited by the freezing 
point of mercury (—39°), the thermistor appears par- 
ticularly useful for investigations at lower tempera- 
tures. To confirm this, the element was calibrated in 
pyridine at —42°, using naphthalene as the solute. 
Since ro at this temperature was 22,250 ohms, the 


If the coefficients of the first and second powers of ° 
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bridge was modified by substitution of 20,000-ohm re- 
sistances in the fixed arms and a single decade for the 
variable resistance. The resistance of the thermistor 
was reproducible to one to two ohms, the larger value 
corresponding to 1.6 X 10~* degrees. With AC, = 
0, the three concentrations used fit equation (4) with 
an average deviation of 2.8 X 10~-* degrees in AT for 
Nz up to 0.0063. A heat of fusion for pyridine of 1880 
+ 8 cal. mole~' was calculated from the slope and an 
estimated B. A literature value for this constant was 
not found. 


DETERMINATION OF B AND COMPARATIVE 
BECKMANN MEASUREMENTS 


In the calibration of a thermistor and subsequent 
use in concentration measurements there normally 
would be no need to use a Beckmann thermometer. 
However, in order to obtain the values of B employed 
in the above heat of fusion calculations, as well as to 
estimate the comparative accuracy of Beckmann 
thermometer readings in cryoscopic measurements, 
several series of experiments were made in which both 
a Beckmann thermometer and a thermistor were used. 
The thermometer readings were corrected for emergent 
stem, and for the setting factor. The latter allowed 
for the difference in the mass of mercury in the bulb 
at temperatures other than that at which it was cali- 
brated, usually 20° (13). In thdee separate runs, 17 
solutions of phenanthrene in benzene gave a weighted 
average B of 3.267 X 10% degrees (equation (1)) at 
5.5°. Similarly, 11 solutions of urea in water gave a 
B of 3.233 X 10’ degrees. From these values, it can 
be seen that, although the “constant”’ B for the ther- 
mistor does change slightly with temperature, this 
change would result in an error of only 0.2 x 107° 
degrees in AT’ for a 0.5-degree interval. The values 
of B used in the AH°® calculations with dioxane and 
pyridine were estimated from the rate of change ob- 
served with benzene and water, together with similar 
data provided by the manufacturer (6), and ‘are prob- 
ably accurate to 0.5 per cent. 

The differences between the observed and calcul:ted 
values of AT’ (equation (1)) are shown in Figure ° for 
both solvents. The average and standard deviations 
in AT for benzene are 2.6 X 10-* and 3.4 X 10° 
degrees, and for water 2.7 X 10-* and 3.5 X 10° 
degrees, respectively. It will be noted that the devi- 
ations found here are about three times as large as those 
found for a similar temperature interval in the re-ist- 
ance calibration with equation (4) (see the talle). 
Moreover, all systems studied with the thermistor 
showed about the same trend in the deviations, whereas 
with the Beckmann these show quite different be- 
haviors in the solvents water and benzene. Accord- 
ingly, the deviations shown in Figure 3 are interpreted 
to be essentially a calibration curve for the Beckmann 
in the (different) scale ranges employed, with a scatter 
indicative of the reproducibility of such a measure- 
ment, and with the smaller trend observed in the use 
of equation (4) superimposed. The effect of the devi 
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ations from the resistance-concentration expression 
found for benzene (see the table) is to reduce the 
largest differences shown and to increase slightly those 
in the intermediate range; the over-all average is not 
affected significantly. Since all the benzene solutions 
used were of known concentration, comparison of the 
observed depressions with those calculated from con- 
centration (equation (2)) confirmed the effect of the 
thermistor deviations. 


THERMISTOR STABILITY 


One difficulty often mentioned in the application 
of thermistors to temperature measurement is that 
they tend to undergo slow changes in resistance over a 
period of time (6), and at a rate that varies with the 
individual element. However, for the type of work 
described herein, this factor has been substantially 
eliminated by the use of expressions relating the con- 
centration and the ratio of the resistance r at the 
freezing point of a given solution to the resistance 
ry for the pure solvent at the start of the measurement. 
This then requires only that ro does not change during 
the run, a condition which from experience has been 
found to be quite practical. The two series of meas- 
urements shown in the table were purposely chosen 
to test this concept. The runs were carried out seven 
weeks apart, during which time, as a result of various 
treatments, ro had changed by several tenths of a per 
cent. Moreover, the first set was obtained with un- 
dried benzene at one atmosphere pressure (not the 
usual procedure), while the second was under the 
vapor pressure of the solution using dry vacuum-dis- 
tilled benzene. Although in the former the 0.003° 
depression of the freezing point reported for one at- 
mosphere of air (14) affected ry only slightly, an un- 
known but apparently small concentration of water 
condensed from the air also gave an added increase in 19. 
Much smaller differences were found between sepa- 
rate sets of data obtained under similar conditions 
only a few days apart. 

When the resistance of a thermistor is first meas- 
ured at a new and somewhat different temperature, a 
slow drift is sometimes noted. However, if the ele- 
ment is allowed to age at that temperature for a short 
time, the values become quite constant. Thermal 
shock, such as cooling to —190°, will change the re- 
sistance observed at a reference temperature, although 
again, after a few hours, the element will settle down 
to a constant value. Cooling to —80°C. was ob- 
served to have little effect on the resistance at 0°. 
Johnson and Kraus (3) observed that, over a period 
of 15 days, the variations in the apparent tempera- 
ture of the ice point as measured with a thermistor 
showed a standard deviation of only 1.1 X 10-* de- 
grecs, 
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CONCLUSION 


_ The application of thermistors to cryoscopy, or what 
is actually cryometry, using a simple expression di- 
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rectly relating concentration and thermistor resistance, 
has been shown to give better results than those ob- 
tained by the usual Beckmann technique. In addition, 
once the element has been calibrated, the ease of the 
measurements is somewhat greater. The method also 
appears applicable to the study of molecular weights 
at low temperatures, and, if the thermistor constant B 
is obtained by direct comparison to a temperature- 
interval standard, it is applicable to the determination of 
the heat of fusion of the solvent. 
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* 
THEIR USE’ 


Ix cue customary operation of a volumetric determina- 
tion, we have a substance to be determined, called the 
unknown, a reagent, that is usually added as a solution 
of known concentration, and an indicator. The reagent 
can react with both the unknown and the indicator, 
and, in the latter case, the interaction produces a change 
which can be detected visually. If the indicator is 
appropriate, this change occurs when an equivalent 
amount of reagent has been added to the unknown, so 
that the amount of the latter can be calculated from the 
volume and concentration of the former. 

Since the unknown and indicator are mixed together, 
they will, clearly, compete for the available reagent and 
in order that the determination be quantitative, the 
relative reactivities of the two former substances must 
be so adjusted that the indicator begins to react in 
appreciable amounts only after practically all of the 
unknown has been consumed. This consideration can 
be made the basis for choosing the appropriate indi- 
cator. 

Let us consider, for example, the titration of a weak 
acid HA in water. The reagent is usually a very strong 
base—in water, hydroxyl ion. The indicator may be 
represented by HIn. In general, the reactions of un- 
known and indicator with the reagent are quite analo- 
gous: 

HA + OH- = A- + 

HIn + OH- = In- + 

Essentially, the indicator is different only in the fact 
that the form In~ is strongly and distinctively colored. 
The corresponding equilibrium constants are: 


CaCu,o 
1 
CuaCon (1) 
Oo 
K a” = 2 
CumC on (2) 


where C stands for the activity, or, to an approximation 
sufficient to the purpose, the concentration of the re- 
spective species. Inasmuch as the concentration of 
water at low concentrations of all the other species is 
practically constant, it can be incorporated in the 
equilibrium constant, giving a value which is about 55.5 
times smaller; these constants will be distinguished by 
a prime sign. The starred, prime constants are related 


1 Presented at the 126th Meeting of the American Chemical 
Society, New York, September, 1954. 

2 Present address: Department of Chemistry, Oklahoma A. 
and M. College, Stillwater, Oklahoma. 
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to the customary acidic dissociation constants by the 
equation: 
K* = K*'Kw 
where Kw is the ion product of water, Kw = CuCou; 
this follows from the definition of K*. 
Combining equations (1) and (2) and rearranging 
gives: 

Kua* = HIn* (3) 
where C,/Cua is a measure of the amount of unknown 
which shall have reacted when the ratio of “unreacted” 
to “reacted” indicator is Cum/Cis. In order to obtain 
the limiting relation for the respective reactivities, we 
now need only to substitute for the former fraction the 
minimum theoretical accuracy desirable, or tolerable, 
and for the latter the value at which the visual change 
is first preceptible, the “discernibility ratio.”” This ratio 
varies with the indicator, and, to some extent, with the 
operator, but averages about four*; the theoretical 
accuracy, in favorable cases, should be greater than one 
part in a thousand. Then: 


Kya* > 4 X 10°K;,* (4) 


or 
> 4 X 10°K umn? (3) 


i. e., the acidic dissociation constant of the unknown 
should be 4 X 10* times greater than that of the indi- 
cator. 

Thus, methyl orange, with K* = 5 X 10-4, may be 
used to titrate acids with K* > 2, 7. e., only strong acids; 
phenolphthalein,‘ with = 3 X for acids of 
K* > 10-*; and nitramine, with K* = 1.5 K 10~", for 
acids of K* > 6 X 10-%. Equations (4) and (5) do not 
take into account the variability in ‘“discernibility 
ratio,” and especially favorable cases permit the 
accurate titration of acids that are somewhat weaker 
than indicated by these equations; also, in practice, it 
is possible to minimize errors by the astute use of blank 
determinations and comparison solutions; and, finally, 


3 With one-color indicators, the minimum discernible concen- 
tration of colored form should be substituted for C,,, and ‘‘n10 
may be varied. Such variation will affect the performance of 
the indicator, as equation (3) shows; cf., e. g., Kournorr, I. M., 
‘Acid-Base Indicators,’’ The Macmillan Co., New York, 1937, 
pp. 183-5. 

4 Phenolphthalein is a lactone, and its reaction with hydroxy! 
ion is complicated; cf. Kouruorr, loc. cit., pp. 221-4. However; 
the reaction is rapid and reversible, so that an apparent ol- 
stant can be determined and used to express the acid-base propel- 
ties of this substance. 
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weaker acids can be determined to the sacrifice of accu- 
racy, as indicated quantitatively by (3). For these 
reasons, result (4), or (5), is correct only to order of 
magnitude, but this is all that can be achieved by a 
general caleulation.® 

One more reservation needs to be made. The fore- 
going discussion may seem to suggest that indicators 
with a very small K* would give the best accuracy in all 
circumstances, but this is not so. As K,, is progres- 
sively decreased, an increasing excess of reagent will be 
needed in order to produce In~, according to equilibrium 
(2), and it is clear that the quantitative character of the 
determination will be spoiled if this excess is large. In 
other words, there is a lower limit to Ki.*’, as well as the 
upper limit defined by equations (4) or (5). This lower 
limit is not as strictly specified, but is about 10?. 
Therefore, for titrations in water the acidic dissociation 
constant of the indicator K;,", should be >10~-'2, and 
the K* of the unknown should be >10-* (10-" with 
one per cent accuracy). Weaker acids cannot be ti- 
trated in water with an indicator. 

As is well known, such very weak acids can be titrated 
in more basic solvents. One of the advantages of the 
treatment presented above is that expressions (4) and 
(5) apply to any solvent, it being understood, of course, 
that different values of K* obtain. On the other hand, 
characterization of an indicator in terms of its pH range 
cannot be translated directly into other solvents sys- 
tems, since pH does not have any meaning, or at least 
a consistent meaning, in them. 

The usual method of teaching this subject is to show, 
from a consideration of the titration curves, that in the 
titration of a weak acid the pH at the equivalence point 
is on the basic side of pH 7, the more so the weaker the 
acid, and, to conclude, that an indicator must be chosen 
“whose range encompasses the appropriate pH value.” 
A most familiar example is the titration of acetic acid, 
for which, in 0.1 M solution, the equivalence point is at 
pH 8.7; phenolphthalein, with a range 8-9.6, is there- 
fore pronounced an appropriate indicator. 

Now we can see that the statement “‘phenolphthalein 
has a range 8-9.6” is only an indirect way of specifying 
its acid strength, and actually, the two lines of reason- 
ing for arriving at the appropriate choice of indicator 
are, in fact, equivalent. However, the average student 
of quantitative analysis may not be sufficiently sophisti- 
cated to appreciate this point. There is some advan- 
tage, therefore, in presenting the subject in the most 
direct way, which may be paraphrased as follows: 


’ For a discussion of practical cases see, e. g., KouTHorr, I. M., 
AND V. A. Srencer, “Volumetric Analysis: Volume II,’’ Inter- 
science’ Publishers, Inc., New York, 1947, pp. 113-4. 
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“Acetic acid and phenolphthalein both react with a 
strong base, e. g., sodium hydroxide; the former gives 
acetate ion, and the latter a complicated anion, that 
has a deep pink color; acetic acid is about 10‘ times 
stronger than phenolphthalein, and therefore, in a mix- 
ture of the two, the former reacts first with the reagent, 
until its concentration is reduced to a very small frac- 
tion of the original.”’ 

This treatment can be extended to other cases.* 
First of all, its extension to the titration of weak bases 
is obvious; the results are entirely analogous to (4) 
and (5) with K°, the basic dissociation constant, substi- 
tuted for K*. Thus, the yellow anion of mett.yl orange, 
with K® = 2 X 10~-!'!, may be used for bases of K® > 8 X 
10-*, and thymol blue, with K® = 5 X 107-"3, for bases 
of K°’>2 xX 10~°. 

Secondly, the treatment can be applied to oxidation- 
reduction reactions. Conversion of equilibrium con- 
stants into oxidation-reduction potentials by means of 
the Nernst equation leads, in simple cases, to the con- 
clusion that the potential of the indicator should be 
0.22 v. higher than that of the unknown for one-electron 
oxidations at 25°. In more complicated cases, cogni- 
zance must of course be taken of other factors, such as 
the pH in cases where hydrogen ion is involved in the 
oxidation. 

Finally, the argument can be applied, qualitatively, 
to certain complexometric and precipitation titrations 
(the quantitative treatment is not necessarily analogous 
to that given above). For instance, in the Volhard 
titration where (the excess) silver ion is the unknown 
and ferric ion the indicator, their relative tendencies to 
interact with the reagent, thiocyanate ion, is measured 
by the reciprocal of the solubility constant of silver 
thiocyanate, 10'*, and the association constant of the 
red Fe(SCN)+* complex ion, 10%. It is clear in this 
case that the indicator is appropriate. 

The author has found an encouraging response to 
this way of teaching, or explaining, the choice of an 
appropriate indicator for volumetric determinations, 
because the student understands intuitively the argu- 
ment based on the competitive relationship between un- 
known and indicator. It is hoped that this approach 
may be found useful by others. 


6 Some care must be exercised in applying the treatment to 
polybasic acids and to mixtures. In order to determine total 
acidity, the indicator must be weaker than the weakest acid, and 
no particular difficulty is introduced. However, in order to de- 
termine one acid in the presence of another, the indicator must 
be weaker than the acid to be determined, according to equation 
(5) and stronger by approximately an equal factor than the other 
acids present. This requisite is rarely fulfilled, and alternative 
(electrometric) methods of titrations must usually be employed. 
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Tue experiment described in this paper has been in use 
for five years by classes in a course entitled radioactive 
tracer techniques. While the techniques were worked 
out because of research needs and have been described 
in part in other publications (1/—3), the experiment is of 
considerable value to tracer technologists because it 


NYLON SQUARE 


The Position of the Dialyzing Sack Prior to the Folding 
of the Nylon Square 


Figure 1. 


demonstrates the following points: (1) the rapid ex- 

change of ionic calcium with serum protein fractions; 

(2) a rapid radiometric method to determine per cent 

ionic calcium in serum fractions; and (3) the binding 

capacity of serum proteins as a function of pH of the 
serum or of added calcium ion. 

The determination of the portion of calcium which is 

elects present in the ionic form in 

the serum depends on the 

i fact that the existing equi- 

. librium between ionic and 

bound calcium will not be 


changed by the insignificant 
See weight of calcium added 
ete with the Ca* to the serum. 


If this condition is met, the 
ratio of ionic Ca* to bound 
Ca* following the rapid ex- 
change will be the same as 
that for the inactive calcium 
in the two forms. Thus, 
if one ascertains the total 
Ca* in a serum sample, 
separates the ionic calcium 


Figure 2. The Centrifuge As- 
sembly with the Sack Sup- 
ported by the Nylon Fastened 
to the Cork stopper 


A LABORATORY EXPERIMENT ON EXCHANGE 
AND BINDING OF Ca* BY SERUM PROTEINS 


R. E. HEIN and R. E. CLEGG 
Kansas State College, Manhattan, Kansas 


from the bound, and determines the Ca* in the ionic 
fraction, the experiment is completed. This paper de. 
scribes the apparatus and techniques which can be 
used to perform this experiment and gives some typi- 
cal results obtained by the classes studying tracer 
techniques. 


THE EXPERIMENT 


A total of 10-12 mg. of calcium per 100 ml. of serum 
is present in nonlaying chicken-blood serum. Approxi- 
mately 50 per cent of this total calcium is bound to the 
protein fraction and may be designated as nondiffusible 
calcium. One may visualize an equilibrium existing 
between W moles of diffusible calcium ion and X moles 
of nondiffusible calcium bound to protein still having 
Y available sites for binding. If ionic Ca* of high 
specific activity is added to the serum and the equilib- 
rium is not changed, the Ca“ will distribute itself in 
the ratio of the two forms originally present. If, how- 
ever, the number of available sites is exceeded by the 
weight of Ca++ carrier added with the Ca“, a different 
equilibrium value is established and the experimental 
result will indicate the per cent ionic calcium present 
under these new conditions. 

The radioactive calcium purchased from Oak Ridge 
National Laboratory is designated as “Ca-45-P-2, 
High Specific Activity” and has a specific activity of 
from 5 to 60 millicuries per gram of calcium. The ra- 
dioisotope is obtained as the chloride in a dilute hy- 
drochloric acid solution. 

Seamless cellulose dialyzer tubing from Fisher Scien- 
tific Co. has a pore size such that ionic calcium can be 
separated from bound calcium under mild centrifugal 
conditions to be described later. The */s-inch tubing 
was more adaptable to our equipment than larger 
sizes. 

The serum was usually obtained from the blood of 
nonlaying chickens and used without dilution by 4 
buffer. However, in a few cases it was diluted by the 
addition of sodium borate buffer and comparable re- 
sults were obtained. Recently similar studies have 
been carried out with crystallized bovine plasma «lbu- 
min purchased from Armour Laboratories. The same 
principles can be illustrated to the class with this pro- 
tein source. 

Figures 1 and 2 show the special equipment. A piece 
of nylon cloth about 6 inches square, a 50-ml. couical 
test tube, a special cork stopper as shown, and a centri- 
fuge complete the items necessary for the separation of 
ionic calcium from the remainder. Radioactive cal- 
cium samples (25 or 50 ul.) of the original and centt'- 
fuged fractions are dried on copper plates. Thin-win- 
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dow G. M. counter tubes (1.9 mg. per cm.*) with as- 
sociated sealers are used for all counting determinations. 

Enough tracer calcium is added to 5 ml. of chicken- 
blood serum so that a 25 yl. aliquot will record approxi- 
mately 500 counts per minute under 10 per cent geom- 
etry conditions. This will usually correspond to 1-5 
ul. of the Ca* solution. Two 25-yl. samples are with- 
drawn after the solution is thoroughly mixed and pre- 
pared for counting. 

The method of separation has been reported by Clegg 
(4) and is a modification of that reported earlier by 
Benjamin and Hess (5). The sack and centrifuge as- 
sembly are prepared as indicated in Figures 1 and 2. 

The solution after sampling is poured into the dialyz- 
ing tubing previously tied off at the bottom and then 
sealed by knotting the upper end. The corners of the 
nylon square are collected at the upper end of the sack 
and tied securely with a string just below the knot (see 
X in Figure 1). The string is then passed through the 
hole in the cork stopper, looped over a short wood plug, 
returned through the hole, and tied just below the knot 
in the sack. The nylon must support the dialysis tub- 
ing so that it will not rupture. Centrifugation time of 
15 minutes at 2000 r.p.m. is necessary to collect about 
0.5 ml. Duplicate samples of 25 ul. of the centrifugate 
are prepared and all samples counted under the same 
geometry conditions. The per cent ionic calcium is 
then determined directly from the counting data as 
per cent Cat*+ = e.p.m./25 ul. of Ca* in centrifugate 
+ c.p.m./25 ul. of Ca® in original. 

A variation in the above procedure may be made so 
that the effect of pH on calcium binding can be meas- 
ured. This merely requires the adjustment of the 
pH of the serum with dilute hydrochloric acid after the 
addition of the Ca* but prior to the initial sampling. 
Similarly in the study of added calcium versus calcium 
binding, the addition of inactive calcium is done prior 
to the initial sampling. All other steps are the same. 


TYPICAL RESULTS 


The rate of exchange of the added ionic Ca* with the 
protein-bound calcium is very rapid as would be ex- 
pected from the nature of the bonds. Hence the time 
necessary for the added ionic calcium to come to equili- 
brium with the bound as well as the ionic calcium in the 
system is also short. In each laboratory session, one 
group of two students can perform the separation as 
rapidly as possible (about 10 minutes) and determine 
the per cent ionic calcium present. Other groups can 
carry out the experiment under the same conditions ex- 
cept the time of contact of the Ca® with the serum can be 
longer. The per cent ionic calcium determined was the 
same regardless of the time allowed for mixing. Varia- 
tions from ten minutes to two hours were tried. From 
these data, it was assumed that equilibrium was at- 
tained rapidly (in less than ten minutes). 

The per cent ionic calcium was usually determined on 
cockerel serum but occasionally serum from laying hens 
was analyzed in a similar manner. In the latter case 


about 20 per cent of the calcium was present in the ionic 
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TABLE 1 
Effect of pH on Calcium Binding 
pH of serum 8.3 7.1 6.1 5.0 
% Ionic calcium 48 55 77 93 


state and about 45 per cent as ionic calcium in the for- 
mer case. 

Table 1 contains some typical student results on the 
effect of pH on calcium binding. 

The results of a study on the effects of added calcium 
on per cent ionic calcium are given in Table 2. These 
studies were done on 5 ml. of cockerel serum at a pH 
of 8.2. 


TABLE 2 
Effect of Added Calcium on Calcium Binding in Cockerel 
m 
Ca** added 
(mg./ml.) 0.017 0.26 0.52 1.2 2.4 5.2 6.9 9.1 
Tonic calcium 
(%) 47 43 48 64 61 62 63 59 


Another group of results from a similar study is given 
in Table 3. These determinations were also carried out 
on 5-ml. portions of laying-hen serum at a pH of 8.2. 


DISCUSSION 


These experiments illustrate a number of chemical 
principles and a practical use of a radioactive tracer. 
The rapid exchange and attainment of equilibrium can 
be readily demonstrated. The experiment demon- 
strates the advantages of radiometric analysis since the 
per cent ionic calcium can be determined accurately and 
rapidly by this method. If the amount of total calcium 
present is known from other chemical analyses, the 
concentration expressed as concentration of both bound 
and ionic calcium can be obtained from the radiometric 
data. The need for high specific-activity calcium is 
obvious if one wishes to use the method to determine the 
correct equilibrium value. . 

The binding capacity of the serum proteins as a func- 
tion of added calcium is an informative experiment. 
It is an interesting observation that the protein frac- 
tion present in laying-hen serum binds more calcium. 
Since added calcium remains in the ionic form, this 
fraction appears to be saturated with respect to calcium. 
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* THE DETERMINATION OF MOLECULAR ASSOCI. 
ATION EQUILIBRIA FROM DISTRIBUTION AND 
RELATED MEASUREMENTS 


Tue principal aim of this article is to show how 
distribution data can readily and satisfactorily be 
used to deduce molecular equilibria in appropriate 
cases, and to illustrate this with simple examples. It 
must be emphasized that the interpretation of de- 
partures from constancy in the distribution ratio ex- 
pected for ideal solutions cannot in general be as- 
cribed to molecular association, but there are many 
cases—including the alcohols, carboxylic acids, amides, 
etc.—where association is clearly shown by spectro- 
scopic and other methods to be the principal reason for 
nonideality. The systematic evaluation of the mo- 
lecular interactions in such systems must, in the first 
place, usually proceed on the assumption that the 
thermodynamic activities of the individual molecular 
species can be equated to their mole fractions. This 
assumption—whose adequacy can only be indirectly 
assessed, e. g., by the agreement of distribution and 
spectroscopic equilibrium constants evaluated on its 
basis—is made without further qualification in what 
follows. 

The simple distribution law of Nernst (1) states that 
if varying amounts of a solute be added to a system of 
two immiscible solvents P and Q then equilibrium at 
one temperature corresponds to a constant ratio of the 
concentrations in the two media: 


Ka = Conc. in P/Conce. in Q 


This ratio, Ka, is known as the distribution or partition 
coefficient. 

The law holds only for systems which are ideal and 
for which the solute is in the same molecular state in 
both solvents. Even then, it applies strictly only when 
concentrations are expressed as mole fractions of solute 
in the individual solvents; in practice, the deviations 
on this score by working in volume concentration units 
will usually be negligible below one molar. Mutual 
solubility of the solvents will be a disturbing factor, 
especially if it varies significantly in the presence of the 
solute. When dissociation or association occurs in 
either or both layers the concentration ratio will not be 
constant, but if allowance is made for the amount of 
dissociation or association the constancy is maintained 
with respect to those molecular species common to 
both solvents. This forms the basis of evaluating such 
equilibria in appropriate cases. 


MANSEL DAVIES 

University College of Wales, Aberystwyth, Wales 
H. E. HALLAM 

The University College, Swansea, Wales 


In the following we use w and s as suffixes to refer 
to water and nonmiscible solvent respectively. 1, 2, 
...n as suffixes refer to monomer, dimer,. . .n-mer. 
Kin, etc., is the association equilibrium constant for 
monomer and n-mer, e. g., W™Ay = An, Kin = [An]/[Ai]*. 
d as a suffix refers to distribution equilibrium, 7. ¢., 
Ku is the distribution constant for monomer. 

Consider a solute A distributed between water, in 
which it is entirely monomeric and undissociated, and a 
solvent s in which it partially associates to an n-mer. 
Let x = degree of association in s, 7. e., the fraction of 
total molecules as monomer which associate to form 


Water Aww 


Solvent thes = Ans 


m-mer. Let C, be the total molar concentration in s, 
7. €., expressed in gram-mol monomer per liter. Then 
the equilibrium constant between monomer and n-mer 
in the solvent layer becomes: 


Kin = [Ans]/[Ais]" z-C,/n{(1 x)C,]" (1) 


The distribution of monomer between the two layers 
leads to: 


Ka = [Aw]/[Aiw] = (1 — 2)C3/Cw (2) 
Cy is the total concentration in the water layer in 
gram-mol/liter. Substituting in (2) for (1 — 2x)¢; 
from (1) gives: 
Ka = 
or, 
v = Ka wW/nKi, = Ka” 


Thus, by applying to C, the corrections arising from ” 
and x an amended distribution ratio K,’’ is found which 
is constant. 

If association is almost complete in s then x ~ 1.0 
and K,” = K,’ = WC./C,. On the assumption of 
complete dimerization this version was deduced by 
Nernst himself (1) for n = 2, and the simplified formula 
has frequently been used in textbooks (2) as an ade- 
quate representation of practical conditions. Al 
though most authors are careful to point out its limi 
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tations, the assumption of compiete dimerization is a 
poor one to make in most cases since the solutions have 
to be dilute for the constituent solute species to behave 
“ideally,” and in adequately dilute solutions few solutes 
approach complete association. This can be illus- 
trated by considering one of the most frequently used 
examples, that of the distribution of acetic acid be- 
tween water and benzene, the solute being mainly 
monomeric in water and dimeric in benzene. Table 1 
shows typical data for this system (3) at 25.00 + 
0.02°C.; Table 2 shows similar data for hydrocyanic 
acid (4). Cy gives the total molarity of the aqueous 
layer, and K, = [Total molarity expressed as monomer 
in benzene]/C, = C./Cy. 

For acetic acid K, shows marked variations. The 
better “constancy” of K.’ suggests that dimerization is 
a possible explanation of the results, but satisfactory 
confirmation of this is only obtained by determining 
= Vv This determination requires Kun, 
the distribution coefficient for the monomer, which is 
found by careful extrapolation of the plot (linear in this 
case) of Kz against C, to C, = 0. Then, for all con- 
centrations, C;, = KaC., and x = (C, — C.)/C,. In 
using the former of these two relations it is assumed 
that C. = Cw, 7. e., dissociation and association in 
the aqueous layer have been neglected. At these con- 
centrations corrections for the ionization of the acid 
amount to less than 0.5 per cent, but in the case of 
CH;COOH it has been shown (5) that at the top 
aqueous concentration of 1.09 M some seven per cent 
of the molecules are dimeric. (The commonly made 
assumption that €2, is zero throughout, which is still 
adequate for present purposes, would require K.2 to 
be infinite, at least in comparison with Ka. Their 
values are Kn = 8.8 X 10-*; Ki2 = 330 X 10-3 at 
25°C.) Proceeding in the simple way given above, it is 
found that the constancy of K,’’ is such as to provide 
quantitative proof of dimerization in benzene. The 
dimerization equilibrium constant, Ki2, can readily be 
calculated from Ki!’ = Ka 2Ku, or by first principles 
(see column 6 in Tables 1 and 2) from Ki. = C2,/C1.2, 
C., being obtained from C, = Ci, + 2C2,. 

The example of HCN (Table 2) is chosen to illus- 
trate the fact that when association is slight K,’ is far 
less constant than K, itself. The constancy of K,.’’, 
however, and the results at other temperatures show 
that dimerization certainly occurs. This and other 
numerically similar cases are best treated by the 
graphical method given. below. 


THE GROSS-SCHWARZ TREATMENT 


The numerical evaluation of association equilibria 
from distribution data was facilitated by a graphical 
method described by Gross and Schwarz in 1930 (4). 
We can give this in the following general form. If the 
solute A is ideally monomeric in water, but associates 
to one species of n-mer in the solvent s, we have to 
consider the two equilibria: 


Aiw = Ais} 
nAis Bus 


Ka = Cis/Ciw 


TABLE 1 
Distribution of CH;-COOH Between C,H,/H:O at 25°C. 

Ka x Ka’ K.” Kis 
0.229 0.0132 0.397 0.240 0.151 179 
0.433 0.0179 0.554 0.204 0.151 179 
0.666 0.0232 0.657 0.187 0.151 180 
0.886 0.0280 0.714 0.178 0.150 176 
1.090 0.0329 0.757 0.174 0.151 178 

TABLE 2 

Wistribution of HCN Between C,H;/H:O at 15°C. 

Ce Ka Ka’ Kis 
0.2321 0.2549 0.036 1.04 0.198 0.326 
0.3494 0.2591 0.051 0.86 0.194 0.312 
0.4740 0.2645 0.071 0.75 0.199 0.331 
0.4933 0.2650 0.072 0.73 0.197 0.319 
0.6507 0.2723 0.098 0.65 0.202 0.338 
0.9178 0.2821 0.132 0.56 0.202 0.336 


The directly observed distribution coefficient K, can 
then be transformed: 
Ka = C./ Cw 
= (Cig + NC ns) 


= Ka + nKin(Cis)"/Ciw 
= Ka + nKi,(Ka)"(Ciw)"™ 


Thus: 

Ka = a + B(Cw)*—! (3) 
where the numerical constants a = Ky and B = 
NKin (Ka)". 


The simplest case, 7. e., dimerization of the solute in 
s, corresponds to n = 2 and then: 


Ka = Ka + 


This linear relation between K, and C, is the one used 
by Gross and Schwarz; its form has since been de- 
duced by other authors (3, 6, 7). It shows that for 
dimerization a plot of Kz against C, should lead to a 
straight line extrapolating to Ka at C, = 0, and of 
slope 2Ky».K.a?, from which the association constant Ky: 
is immediately evaluated. Treated in this way, .the 
data quoted for CH;COOH and HCN provide points 
lying close to straight lines whose slopes yield values 
of Ky equal to 179 and 0.329 (gram-mol/liter) re- 
spectively. 

In the above instances C,, has been treated as the total 
solute concentration in the aqueous phase. If ion- 
ization is pronounced it will invalidate the simple as- 
sumptions involved in these relations, but if it is not too 
large (for example, less than five per cent) appropriate 
correction can be made for it. Thus C, must be re- 
placed by C.(1 — y) where y, the fraction of solute 
ionized at concentration C,, is calculated from the 
ionization constant. Again, it is assumed that water is 
one of the immiscible solvents. Although this is al- 
most invariably so in practice, the treatment is equally 
valid for all pairs of immiscible solvents provided the 
solute is monomeric in one of them. 

In cases other than n = 2, equation (3) leads to 
simple curves if K, is plotted against C,.. Thus for 
n = 3,1. e., trimerization of the solute in s: 
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Figure 1 


Distribution coefficient of CH;-CONH: betweea CHCls/H2O versus the 
molar aqueous concentration. 


Ka = Ka + 3Ki3Ka*Cy? 


which represents a parabola, the intercept on the Kz 
axis at C,. = 0 again giving Ka. The monomer = n- 
mer association constant can be obtained from the 
slope of the line (nKi,K.") provided by plotting K. 
against C,."~!. For those cases where the association 
is exclusively in terms of one n-mer, the value of n can 
be found either by successive trials or its approximate 
value obtained explicitly from the slope (n — 1), 
of the plot of log (Kz — Ki) against log Ciy. Such a 
log-log plot is not, of course, a good means of evaluating 
data quantitatively. It is insensitive to deviations 
from simple conditions and will not depart appreciably 
from linearity even when the association involves two 
or more n values. 

One particular virtue of a linear Kz, — C."~! plot in 
these cases is the guidance it provides to the correct 
value of Kx. The unequivocal evaluation of the latter 
is of particular importance and not least in the sys- 
tematic treatment of more general cases such as are de- 
scribed below. Even in simple cases it is seen that 
calculation of K;, from the slope of these plots in- 
volves (K.x)", z. e., a higher power of Ka. Owing to the 
general deviations from ideality possible at higher 
concentrations, it is always of great practical importance 


_ nearly ideal, concentrations. 
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to have reliable observations at low, and therefore most 
Again, in assessing the 
significance of the association of the solute as an inter- 
pretation of nonideal behavior of the solute a relevant 
feature is the concentration range, expressed in the 
form of a ratio, 7. e. [Highest conc.]/ [Lowest conc.]}, 
over which some simple association scheme applies. 

The use of equation (3) above can be illustrated by 
the results of Davies and Hallam (8) for the distribution 
of acetamide between chloroform and water, Table 3. 

When K, is plotted against C, the resultant curves 
are parabolas (Figure 1), but when plotted against 
C.? straight lines are obtained (Figure 2). Thus, 
within the accuracy of the data, simple trimerization 
of acetamide occurs in chloroform. Extrapolation 
of the lines in Figure 2 leads to monomer distribution 
constants: 

10° X Ka = 9.95+0.1 at 25.02°C. 

= 7.85+0.1 at 6.22°C. 
Combining with the corresponding slopes gives the 
association constants: 
Ki; = 34+1 (gram-mol/liter) ~? at 25.02°C. 

= 54+3 (gram-mol/liter)—* at 6.22°C. 
These results are identical with those obtained by 
Kreuzer’s methods (9) which are outlined below. In 
Table 3 we have deliberately included results for very 
high aqueous concentrations. Figure 2 shows that, not 
surprisingly, the above simple relations do not hold 
beyond C,? ~ 40, 7. e., Cy. ~ 6 M. At these concen- 
trations the aqueous layer must be far from ideal. 
Observations showed also that the corresponding 
chloroform solutions dissolved appreciable quantities of 
water, which provided further cause for departure 
from the simple conditions envisaged. 

This particular equilibrium has been studied in 
anhydrous chloroform by infrared measurements of 
the intensities of the two N—H_  stretching-mode 
absorptions bands (/0). Both sets of spectroscopic 
equilibrium constants led to Ki; = 30 + 2 (gram-mol/- 
liter)—? at 23°C. The agreement of the spectroscopic 
and the distribution results shows the insignificant 
effect upon this association process of the water satu- 
rating the chloroform in the distribution method 
({H.O] = 0.06 molar in CHC\,). 

The influence of the mutual solubility of the solveiits, 
and more particularly the influence of water upon the 
equilibria in nonaqueous media, has frequently been 


TABLE 3 
Distribution of Acetamide Between Chloroform and Water 

Temperature 25.02°C. 
C..- (gram-mol /liter) 0.423 0.733 1.109 1.619 3.297 4.405 4.94 6.95 8.51 9.87 bs 
Cw? 0.179 0.537 1.230 2.622 10.87 19.40 24.42 48.23 72.46 97.5 
Ka X 168 10.0 9.8 10.15 10.19 11.06 11.89 12.47 14.79 17.93 22.45 

Temperature 6.22°C. 
C.(gram-mol /liter) 2.489 3.514 4.573 5.72 
Ce? 6.18 12.36 20.91 32.7 
Ka X 10 8.35 8.79 9.45 10.42 
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-COOH (CoHsCOOH): i in 
+-COOC:Hs = = (NH,COOC:Hs)2 in CHCl; 


2CH;NH-COO- C:Hs = 


* Infrared method. 
Freezing-point method. 


Kiz = 1560 at 6°C. (13) 

Ky. = 1.28+0.08 at 23.00°C. (75) 
Ky. = 0.71+0.10 at 50.00°C. (16) 
Ky. = 1.80+0.10 at 22.00°C. (15) 


stressed in criticisms of distribution results (11). The 
criticism is a generally valid one, but detailed ex- 
amples of the incidence of this factor on association 
equilibria are not numerous. Most of the instances 
usually quoted refer to the influence of water upon 
solubilities in nonaqueous media (/2). Although we 
can quote the following examples where saturation 
with water has little influence upon association con- 
stants, it should not be assumed that this is generally 
established. 
KREUZER’S TREATMENT 
In 1943 Kreuzer (9) made a number of important 0 20 40 60 80 100 
general deductions in applying the law of mass action Cw? 
to association equilibria. Some similar results have Figure 2 
since been deduced by statistical methods (/6). Distribution coefficient of CHs- CONH: between CHCl:/H20 versus the 
Kreuzer’s unit of concentration was the gram-mol/liter, — sauare of the molar aqueous concentration. 
which is thermodynamically less satisfactory than the sa 
mole fraction, so below is a summary of his relation- ™ean degrees of association are deduced from the total 
ships in terms of the latter. The following factors are 20d monomer concentrations only. ’ 
first defined : Osmotic or molecular-weight data (cryoscopic, 
: . ebullioscopic, partial vapor pressures, etc.) give values 
V = Zn-N» = total concentration of solute in terms of mole of f and its dependence upon the total concentration 
fraction as monomer; (4) (N). From equation (11) the corresponding @ (or N;) 
V = = N, = total effective mole fraction of all n-mers; (5) Values are obtained from two terms, the second being 
js, NIN (6) evaluated by graphical integration of the of 
a = N,/N = stoichiometric fraction ‘of solute present as _ Bap 1)/ fN against N. It is of particular practical 
monomer; ° (7) Value in extrapolating the data to note that as VN > 0 
a =N,/N = af = fraction of total independent molecular units _ the value of (f — 1)/fN will approach Ky. 
formed by monomer; (8) Apart from their quantitative significance, experi- 
Kin= Nn/Ni" = association constant for formation of n-mer ence has shown that the graphical representations 
from monomer. ; (9) suggested by (10) and (11) provide very sensitive tests 
Without making any assumptions as to the number or of the reliability of the experimental data concerned. 
nature of the associative equilibria involved apart Smooth curves should be found independently of the 
from their individual conformity to the law of mass nature and number of molecular equilibria involved. 
action in mole fraction units of the species directly Kreuzer’s subsequent use of these relations includes 
involved, Kreuzer’s general relations become: two special (arbitrary) cases. 
phe - (1) Association of Monomer to Only One Species of 
N = dN (10) n-mer. Here the special relations are 
In (1/a) = + aN (11) f=n-—(n- la (12) 
The exceptional value of these relations arises as (13) 
follows. Absorption intensity measurements (espe- From (12) a plot of f against & should be a straight line 
cially in the infrared) and suitable distribution data of slope (n — 1); alternately, if n is known, (12) 
immediately give values for the concentration (N;) and_ relates f and @ directly. The corresponding equili- 
fraction (a@) of molecules present as monomer. By  brium constant can be calculated from > or from 
plotting 1/a@ against Ni, values of N can be obtained first principles using N = Ni + nN; N = N/f = 
by graphical integration according to relation (10). Ni+ Nz. 
This immediately leads to the f values via (6), 7. e., As examples of this procedure we can quote the 
TABLE 4 
Equilibrium constant 
oA Association process By distribution ee In dry solvent 
3CH, ‘CONH; = = (CH;CONH;); in a Kis = 3441 at 25.02°C. (8) Ki; = 30+2 at 23°C. (10) 
2CH,-COOH = (CH;-COOH): in C = 425440 at 6.27°C. (6) Kiz = 428 at 5.5°C. (5) 


Kiz = 1560 at 5.5°C. (14)° 

Ki. = 1.32%0.2 at 23°C. (15)* 
Ki. = 0.70.2 at 50°C. (15)* 
Ki: = 1.8+0.2 at 22°C. (15)* 
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Mean degree of association (f) versus fraction of total independent molec- 
ular units formed by monomer (@) for © HCN in CeHe at 15°C.; © CHs-- 
4& CHsCONH: in CHCl; at 6°C.; 


OCHs-- 


results from the distribution data already given for 
acetic acid in benzene and acetamide in chloroform. 
In using these data we have had to revert for con- 
venience to concentrations in molarities, since the solu- 
tions were sampled by volume. 
were done by weight, we should have been unable to 
determine the mole fraction of solute present without 
an accurate knowledge of the mutual solubilities of the 
solvents in presence of the solute. 

The monomer concentrations C,, have been ob- 
tained in each case from Cy, = KaCy; this immediately 
gave a, and f values were obtained from equation (11) 


Even if sampling 


by graphical integration. Using @ = af, the plot 
TABLE 5 
CH;COOH in C,H, at 25°C. 
Ki (1st 
C. X f (Kreuzer) principles) 
3.03 0.603 1.25 179 179 
7.76 0.446 1.38 179 179 
15.51 0.343 1.49 180 180 
24.80 0.286 1.53 180 176 
35.86 0.243 1.60 180 178 
TABLE 6 
CH;-CONH; in CHCl, at 6.22°C. 
Kis Kis (1st 
C. X 108 a (Kreuzer) principles) 
36.47 0.900 1.07 42 29 
52.38 0.838 1.12 34 34 
61.61 0.799 1.16 34 35 
102.7 0.674 1.27 34 34 
152.6 0.556 1.44 34 37 
221.6 0.444 1.67 36 43 


for acetamide. 
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corresponding to (12) gave the n values; these were 
n = 2.00 + 0.05 for acetic acid and n = 3.0 + 0.) 
(See Figure 3.) Equation (13) gave 
the values of K,, in column 4, Tables 5 and 6. The 
agreement between these figures and those already 
given (Table 1) or those calculated from first principles 
(Kin = C,/C;) is seen to be satisfactory. 

(2) Associates of All Complexities Present. ‘This 
case is intended as an approximate representation of 
the association of such compounds as alcohols and 
phenols where the agglomeration progresses through 
successive stages and apparently tends to quite high 
degrees of association. Kreuzer showed that if the in- 
dividual stages, monomer to dimer, dimer to trimer, 
trimer to tetramer, etc., had the same value of the 
equilibrium constant, 7. e., Kz = Ke = Ky...=R, 
then the simple relation: 


f=1+KN (14) 


would hold. This condition would thus lead to a linear 
dependence of f on N. Spectroscopic measurements 
and other data for phenol in carbon tetrachloride 
conform to this pattern (17). However, it is very 
probable that this is an exceptional case and that such 
chain association usually involves at least a dimeriza- 
tion constant which is appreciably different from, 
being lower than, the value applicable to the later 
stages. This is illustrated for a number of hydroxylic 
compounds by the results of Hoffmann (18) and of 
Coggeshall and Saier (19), and for amides by the data 
of Hallam (15) and Thomas (20). 

Recently, Saroléa-Mathot (1/6) has treated statisti- 
cally a simple model of chain-associating molecules. 
She shows that for such a model Ky < K due to the 
fact that the loss of entropy for the dimerization process 
A; + A; — Ag is greater than that for subsequent 
associative steps, A; + A, — A,+1:, since in the first 
case two monomers lose their independent degrees of 
freédom, while in the second one monomer is only added 
to an existing complex. Ky can then only be equal 
to K by a coincidental energy change compensating the 
entropy difference. 

It is thus of importance to have general procedures 
for evaluating Ki: and K for the appropriate experi- 
mental cases. Because it is illustrated by their «al- 
culations, we may quote the method of Coggeshall 
and Saier (19) for those instances where the monomer 
fraction (a) has been measured, such as would be the 
case in appropriate distribution studies. Writing 
kn = dissociation constant of the n-mer 1/Kiy 
k = 1/K, they use the expression: 


k = — ki/2 + + — ki) 


Here k; is an abbreviation for 2a°C/(1 — a), and C 
is the total molar concentration in terms of monomer. 
The constant ka; is obtained by plotting k; against C «nd 
extrapolating to zero concentration. This process 
was not very reliable in Coggeshall and Saier’s cases 
owing to the experimental uncertainties at the lower 
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TABLE 7 
CH;-CO-NHCH,; in C,H, at 24.57°C. 
m(molality) 0.0508 0.0756 0.144 0.177 0.240 0.362 0.513 
f 1.32 1.47 1.85 2.01 2.28 2.74 3.21 
108 3.00 4.00 6.00 6.80 8.00 10.0 12.0 
R 148 148 7 147 145 45 
108A ; 2.43 3.00 3.81 4 4.40 4. 


K.. (=69) and K in mole fraction units. 
concentrations. It is again clearly advantageous to 
have as precise data as possible for the dilute solutions 
where essentially only dimerization occurs, from which 
ka, can be evaluated as an independent factor. Even so, 
Coggeshall and Saier obtained a convincing inter- 
pretation of their spectroscopic data for a series of al- 
cohols and phenols. 

In those cases where the mean degree of association 
(f) has been determined, the “repeating” association 
constant can be calculated from the relation (20): 


K = 1/N +2 — f)[Ku/N(f — 1) 


The general validity of this formula, owing to the series 
summation involved in its deduction, is restricted to 
the region KN, < 1.! Its use can be illustrated by 
some recent data of Thomas (20) for the association of 
N-methyl] acetamide in benzene. 

The results show that the initial association, up to 
f = 1.10, involves practically only monomer and dimer. 
The value of Ky is evaluated from that range. As 
anticipated it is found that Ki. < K = Ke = Kyu, ete. 
The last row in the table shows that the condition 
N, < 1/K, i. e., < 0.0068 applies in this case. 

Distribution experiments provide many excellent 
illustrations of the principles of chemical equilibria. 
In addition to association processes they frequently 
provide profitable studies of complex formation be- 
tween various components, of hydration of salts, and of 
solvation interactions (from Ka). Especially for 
routine classwork, however, it is necessary to emphasize 
the need for accuracy in the analytical methods used to 
determine Kg. As the quantitative evaluation of the 
equilibrium inevitably depends upon the concentration 
variation of Ka, the more satisfactory examples are 
those showing appreciable changes in this factor over an 
acceptable concentration range, e. g., below concen- 
trations of one M, beyond which departures from the 
simple preconditions may well become serious. Thus, 
it is helpful if the analytical (conveniently, volumetric) 
method allows an accuracy of at least a few parts per 


‘The same condition applies in Kreuzer’s treatment of the 
slightly simpler system, i. e., to equation (14) above. 


@ 


thousand in C, and C,. One system providing a good 
test in that respect is the dimerization of aniline in CCl, 
estimating the base by the bromate-bromide conversion 
to tribomoaniline. 

The examples we have quoted will suffice to suggest: 
the range and interest of these studies. By deter- 
mining the equilibrium constants of molecular associ- 
ations at a series of temperatures, the corresponding 
heat (AH) and entropy (AS) terms can be evaluated. 
These factors can be of great value in interpreting not 
only the behavior of solutes in solution but also the inter- 
actions of molecules in the liquid and solid states. 
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“The day of common labor is coming to a close, but there is no cause for regret. To meet the 
requirements of improved technology, the common laborer is becoming skilled, and the skilled 
worker is becoming a technician. ‘This is upgrading rather than retrogression, and the increasing 
use of minds rather than muscles has been reflected in the sharp climb of wages and salaries. We 


are all better off.’’ 


—From an address by SamurL LEHNER, Vice President, Du Pont Company, at the 1956 
NSTA Convention 
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'T us report is a condensation of data from responses 
to a questionnaire? dealing with the course in qualita- 
tive organic analysis as it is offered in the undergraduate 
and/or graduate curricula of selected colleges and uni- 
versities in the United States. The data were col- 
lected during the period February—June, 1954. 

The purpose of gathering the current information 
was to obtain the broad and varied views and experi- 
ences of many teachers in this field and to pass. this in- 
formation on to others. There was no intention of 
using the results of this survey to further any ‘‘stand- 
ardization” of the teaching of qualitative organic 
analysis since this subject lends itself to individual and 
frequently highly personal methods of presentation. 
The study’s additional object was to examine the feel- 
ing concerning the relative merits of presenting qual- 
itative organic analysis at the undergraduate or the 
graduate level. 

The questionnaire was sent to the chairmen of 
chemistry departments in 340 colleges and universities. 
These institutions were accredited by either the 
American Chemical Society or the American Asso- 
ciation of Universities. Sixty-six per cent of the ques- 
tionnaires were returned. The following report is 
based upon the information obtained from these re- 
plies. 

A qualitative organic chemistry course was offered 
by 89 per cent of the institutions. All of the uni- 
versities and the A. C. 8. accredited colleges offered 
this course; 65 per cent of the non-A. C. 8. accredited 
colleges gave it. Eighty-two per cent of those institu- 
tions in which the course was offered did so once a 
year. 


COURSE ORGANIZATION 


The replies to the questions dealing with the me- 
chanics of course organization indicated a strong prefer- 
ence for allotting three or four credits for the work of 
this course. Forty-six per cent of the institutions had 
3-credit courses, 40 per cent allowed 4 credits, 10 per 
cent gave 2, only 3 per cent favored 5 credits, and less 
than 1 per cent each gave as much as 6 credits or as 
little as 1. The comparison of credit and distribution 


1 Presented before the Division of Chemical Education at the 
128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 

2 Financial support for this study came from the Robert H. 
Wilson fund of the College of Wooster. 


* QUALITATIVE ORGANIC CHEMISTRY IN THE 
CHEMISTRY CURRICULUM’ 


JOHN D. REINHEIMER 

The College of Wooster, Wooster, Ohio 
JAMES L. A. WEBB 

Southwestern College, Memphis, Tennessee 


of student time in colleges and universities can be sum- 
marized as follows: 


For 4 credits: 


16 per cent of the colleges scheduled one lecture, and an ay- 
erage of 6.7 hours of laboratory work per week. 

38 per cent of the colleges scheduled two lectures, and an av- 
erage of 6.0 hours of laboratory work per week. 

9 per cent of the universities scheduled one lecture, and an av- 
erage of 8.3 hours of laboratory work per week. 

21 per cent of the universities scheduled two lectures, and 
an average of 6.5 hours of laboratory work per week. 


For 3 credits: 


26 per cent of the colleges scheduled one lecture, and an av- 
erage of 6.5 hours of laboratory work per week. An addi- 
tional hour of conference or recitation was scheduled. 

19 per cent of the colleges scheduled two lectures, and an ay- 
erage of 5.0 hours of laboratory work per week. 

53 per cent of the universities scheduled one lecture, and an 
average of 6.5 hours of laboratory work per week. 

15 per cent of the universities scheduled two lectures, and an 
average of 6.0 hours of laboratory work per week. 


The student was permitted by 60 per cent of the 
colleges and universities to work in the laboratory with- 
out supervision. Some courses, particularly those for 
3 credits, used one of the laboratory hours as a recita- 
tion or conference rather than asa lecture. This gained 
some of the advantages of a 4-credit course without the 
additional credit. 

The major assignments in the laboratory work were 
the identification of single unknowns and the separation 
and identification of the components of one or more 
mixtures. Seventy-five per cent of the instructors 
reported that the laboratory work was performed on a 
semimicro scale. The amount of unknown that was 
issued was 10-12 grams of a solid or a liquid and 50 
grams of a mixture. In 81 per cent of the laboratories 
the student was not expected to run all the classi!ica- 
tion tests before he received an unknown, but he was 
expected to run these tests on a known at the sime 
time as on his unknown. 

The purity of samples, the number of unknowns 
issued, and the number of derivatives required for 
identification were the most important factors de‘er- 
mining the amount of work expected from a student. 
Most instructors used the purest materials avail: ble, 
while a few issued technical or practical grade chem- 
icals after the student had identified several U. S. P. 
or c. p. substances. The number of single unknowns 
varied from | to 12, but 5 or 6 was the most frequent 
assignment. The average number of single unknowns 
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issued to a student in 3- and 4-credit courses was 5.5. 
The mixtures which were issued generally contained 3 
components. Two mixtures were required by 82 
instructors, 1 mixture by 38 instructors, more than 2 
mixtures by 21 instructors. Only 8 instructors issued 
no mixtures. The number of derivatives required for 
identification was one or two in amounts described as 
“e,,ough.”’ Those courses which carried 4 credits gen- 
erly asked for the larger number of derivatives, but 
the difference was not great. Seventy-four per cent 
of «ll instructors required 2 derivatives for each identi- 
fied compound. 

The lecture’s chief function was to explain the 
methods used in the laboratory. This fact was re- 
flected in the relative weight of the laboratory work as 
6065 per cent of the final grade in the course, while the 
written work counted only 35—40 per cent. The topics 
usually covered in the lecture were physical constants, 
which was given about 5-10 per cent of the total lec- 
ture time; solubility, 15 per cent; classification tests, 
25-30 per cent; derivatives, 15 per cent; and prob- 
lems, 20-25 per cent. Other topics less frequently 
covered were separations, literature search, and spec- 
tra. The topic of reaction mechanisms received little 
emphasis or was not mentioned at all by most in- 
structors. 


RELATIONSHIP OF QUALITATIVE TO OTHER ORGANIC 
COURSES 

Answers to the questions concerning the relation- 
ship between qualitative organic analysis and the ele- 
mentary organic course revealed that most elementary 
courses introduce, but do not cover exhaustively, the 
analytical methods. The best-known derivatives and 
the reactions characteristic of a given functional group 
are discussed by 86 per cent of the instructors in the 
elementary course. The complete scheme of qualita- 
tive analysis is not presented by 74 per cent. About 
half, 47 per cent, of the instructors issue unknowns in 
the elementary organic laboratory which consist of a 
compound having a given functional group, or at most 
one of a limited number of possibilities. Only 14 per 
cent of the instructors issued unknowns which would 
require a knowledge of the complete qualitative anal- 
ysis scheme. Most of the instructors felt that the 
introduction of unknown identification in the elemen- 
tary laboratory made the laboratory more interesting, 


but that qualitative analysis as such should be de- 
ferred for a more complete treatment in a separate 
course. 

The question concerning the place of the qualitative 
organic chemistry course in the training of a chemist 
was asked in several ways. The majority of the re- 
spondents felt that qualitative organic should be an 
undergraduate course. The large majority of graduate 
schools, 71 per cent, recommend or require that all 
graduate students take a qualitative organic course 
if they have not taken it as undergraduates. Eighty- 
eight per cent of the departments require this course of 
all students who major in organic chemistry. For the 
student who has taken the course as an undergraduate, 
95 per cent of the graduate schools require no further 
work in this area. The qualitative organic course is 
the same for both undergraduate and graduates in 70 
per cent of the graduate schools. The other 30 per 
cent require a “stepped-up” course, distinguished by 
the number and difficulty of the unknowns. 

The desirability of qualitative organic as an ad- 
vanced undergraduate course was revealed by the 
answers to the question, ‘‘Does your department re- 
quire an advanced course in organic?” Fifty per cent 
of the departments do require such an advanced 
course. Qualitative organic was required by 49 per 
cent, advanced organic by 37 per cent, with organic 
preparations, organic mechanisms, biochemistry, and 
natural products being less frequently mentioned as 
the required course. This preference was confirmed 
by asking the respondent to list a number of organic 
courses in order of preference. The final order showed 
qualitative organic to be first choice by a wide margin, 
with advanced organic, organic mechanisms, and bio- 
chemistry following closely bunched. 

The following conclusions may be drawn concerning 
the place of qualitative organic chemistry in the chem- 
ical curriculum: 

(1) Qualitative organic is introduced in the ele- 
mentary organic course, but it should be taught as a 
separate course. 

(2) Qualitative organic is regarded as an under- 
graduate course by the large majority of the graduate 
schools. 

(3) Qualitative organic is a leading contender as 
the choice for an additional organic course at the under- 
graduate level. 


For Remembering the Lanthanum Series (Rare Earths): 


“Let’s collect pleasingly novel pansies since every good type does have extra tiny young leaves.’ 


The first letter of each word is the first letter of the series: lanthanum, cerium, praseodymium, 
neodymium, promethium, samarium, europium, gadolinium, terbium, dysporsium, holmium, 


erbium, thulium, ytterbium, and lutetium. 


UNIVERSITY OF MINNESOTA 
MINNESOTA 


JIM G, MALIK 
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A CONSTANT-TEMPERATURE 
VAPOR BATH 


F. BESSINGER and V. PRETORIUS 
University of Pretoria, Pretoria, South Africa 


A very simple constant- 
temperature furnace for 
use in kinetic studies in 
the gas phase has been 
developed in this labora- 
tory. It is compact and 
can easily be constructed 
at low cost. Tempera- 
ture control with this ap- 
paratus compares very 
favorably with the more 
elaborate electronically- 
controlled electric fur- 
naces. 

The cylindrical reac- 
tion vessel A, 40 cm. in 
diameter and 70 cm. long, 
is heated by the vapor of 
a boiling liquid placed in 
a cylindrical vapor jacket B, 60 cm. in diameter and 150 
em. long. Entry to the reaction vessel is gained by 
means of a capillary tube. The reaction vessel A con- 
tained in vapor chamber B cannot be removed. The 
vapor is condensed in the external condenser D. This 
arrangement eliminates the possibility of the reaction 
vessel coming in contact with the relatively cool con- 
densed vapor. 

Heating is effected by means of resistance wire E 
wound around the base of the vapor jacket containing 
the liquid. Energy input is conveniently controlled by 
means of a Variac unit. Provision for temperature 
measurement is provided by the mercury-filled well F 
into which a thermometer may be inserted. Mercury 
tends to distill at a high temperature and is therefore 
hazardous, but it was found that high-boiling liquids like 
phthalate esters did not provide efficient contact be- 


Liquid Normal boiling point 
Acetone 56.1°C 
Methanol 64.5 
Carbon tetrachloride 76.5 
Ethanol 78.3 
Trichloroethylene 86.9 
Water 100.00 
Chlorobenzene 132.1 
m-Xylene 139.3 
Tetrachloroethane 146.3 
Pentachloroethane 160.5 
Propylene glycol 188.2 
Ethylene glycol 197.2 
Ethyl] benzoate 212.0 
Eugenol 250.0 
Diethy] phthalate 296.0 


A CONSTANT-LEVEL WATER BATH 
FOR THE STUDENT LABORATORY 


JAMES R. SLAGLE and 
WESLEY W. WENDLANDT 


Texas Technological College, Lubbock, Texas 


use of a heated water 
bathis frequently advocated 
in the student laboratory. 
Several devices for prevent- 
ing the water in the bath 
from evaporating to dry- 
ness on prolonged opera- 
tion have been described.'! 
However, both of these de- 
vices are too complicated for 
general student use. A sim- 
ple arrangement which has 
given good results is shown 
in the figure. 

Two one-liter Florence 
flasks, A and B, filled with 
water, are inverted over f 
the bath C, as illustrated. 
When the water in the bath falls below a preset level, 
air is admitted into the flasks through the connecting 
tubes, allowing water to enter the bath. To maintain 
a more even flow of water, the tubes admitting air into 
the flasks have a 45° bevel cut on the immersed ends. 
It has been found that this arrangement will hold a 
constant level in the bath for periods up to 24 hours at 
temperatures from ambient to the boiling point of 
water. 


1 Ropertson, J. H., J. Cuem. Epuc., 10, 377 (1933). G. R. 
YoueE Aanp C, G. J. Cuem. Epuc., 11, 462 (1934). 


<> 


tween the reaction cell and the thermometer. Evap- 
oration of mercury at high temperature can be min- 
imized by attaching a long air condenser to the well. 
Low-melting alloys (e. g., Wood’s metal) are not reco:n- 
mended because they expand on cooling. This might 
cause damage to the well. The apparatus is insulated 
by asbestos lagging G coated with sodium silicate soiu- 
tion. Liquids are introduced through D and drained 
through stopcock C. 

The efficiency of temperature control was tested >y 
using the vapor from water, ethyl benzoate, and eue- 
nol, boiling at 95.5°C., 205.2°C., and 245.0°C., resp:c- 
tively, at 650 mm. Hg pressure. In each case tempe!- 
ature variation was less than 0.1°C. 

Suitable liquids for use with this apparatus are lisied 
in the table. 
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% ACTIVITIES AND PUBLICATIONS OF THE 
BUREAU OF MINES' 


T ie Bureau of Mines conducts scientific, technologic, 
and economic investigations concerning conservation, 
mining, preparation, treatment, and utilization of 
minerals. It is concerned also with promoting health 
and safety in the mineral industries. Being charged 
by law with the dissemination of information on its 
activities, the Bureau has a broad program of pub- 
licizing its findings; part of this program consists of 
distributing its own publications, which range from 
brief public announcements through printed booklets. 
In this paper, its activities are reviewed and types and 
contents of publications are discussed. 


ACTIVITIES 


The decision of Congress to establish the Bureau of 
Mines in 1910 resulted largely from a series of disas- 
trous coal-mine explosions; and the Bureau’s work, 
especially in health, safety, and coal-mining methods, 
continues to reflect the original intent of Congress. 
Major emphases in these fields have been on inspection 
of coal mines; enforcement of the Federal Mine Safety 
Act; and training and education of miners, supervisors, 
mine foremen, and management in safe mining prac- 
tices and rescue and first aid. A large part of the 
program concerns such mining problems as control of 
fires and roof falls, testing and approval of equipment 
for use in coal mines, and seismic studies of ground 
movements in mines. 

The Bureau has done intensive research on ventila- 
tion; addition of warning agents to natural gas and 
compressed air; eliminations of hazards from static 
electricity; properties of solid explosives, of dispersed 
organic and metallic dusts, and of gas-air mixtures; 
and water and stream pollution. Other subjects of 
possible interest in medicine as well as industrial health 
include flammability limits of gas (including anes- 
thetics); information on industrial hygiene, injuries, 
accidents, and safety; health hazards from dust, vapors, 
and mists; disposal of radioactive waste; and laws on 
compensation for occupational diseases. 

To carry out its responsibilities in increasing effi- 
ciency and conserving the resources of solid fuels, the 
Bureau, in collaboration with technical societies, has 
developed and improved standard methods of sampling, 
classifying, and analyzing coal. Investigations have 
been made of mining, cleaning, and preparing coal; 

‘ Presented before the Division of Chemical Literature at the 


128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 
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carbonization and gasification; and conversion to 
fluid fuels by the coal-hydrogenation and Fischer- 
Tropsch processes. Studies of flames and combustion 
have ranged from the purely scientific realm to work 
on the interchangeability of fuels in domestic burners. 

Objectives of the Bureau’s research on petroleum 
and natural gas are improvements in methods of pro- 
ducing, transporting, storing, and utilizing petroleum 
and natural gas and their products. Work in thermo- 
dynamics and petroleum chemistry is concerned with 
pure organic sulfur, nitrogen, and halogen compounds 
which are made available as calibration standards to 
industry and to research groups; and analysis, stability, 
and combustion of fuels. In addition, continual 
surveys give current information on the properties of 
motor, aviation, diesel, and jet fuels. 

Through Bureau efforts, helium was converted from 
a laboratory curiosity to a major commodity. The 
Bureau operates the only known large-scale plants for 
its production and has developed new industrial and 
medical uses for this gas. 

In the field of metallic resources, geophysical pros- 
pecting has been studied and data have been published 
on mineral deposits in various parts of the United 
States. Programs have been carried on in testing, 
beneficiation, and metallurgical treatment of ores. 
Conservation has been aided by development of im- 
proved mining, drilling, and blasting practices, by 
development of methods for reclaiming metals lost 
in mineral dressing, and by finding uses for what .were 
originally waste products. Thermodynamic data of 
metals and their compounds have been obtained and 
critically evaluated. The properties of many non- 
metallic minerals have been studied, and new and im- 
proved uses have been developed for a number of them. 

Considerable time and effort are spent on the collec- 
tion of statistics of minerals, metals, and fuels indus- 
tries. In addition to being the only source of statistical 
information on many commodities, these reports in- 
dicate the effect of technologic developments on eco- 
nomic and production trends as well as usage patterns, 
and guide the Bureau and other organizations in the 


.selection of immediate and long-range research. 


The Bureau cooperates with other federal agencies 
in furnishing technical advice to foreign countries and 
collecting technical, economic, and statistical informa- 
tion on foreign mineral resources. From its inception 
the Bureau has worked closely with industrial, aca- 
demic, and government institutions on problems of 
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mutual interest. Arrangements with many universi- 
ties have provided for graduate fellowships at the 
Bureau. 


METHODS OF DISSEMINATING INFORMATION 


Except for results of work that is classified in the 
interest of national defense, information gathered 
by the Bureau on other than a confidential basis 
is easily available. Press releases call attention 
to significant progress of Bureau projects, advise 
the public of the availability of particularly timely 
publications, or point out significant changes in the 
Bureau’s functions or organization. Trends in its 
policies appear in records of Congressional hearings 
and in annual reports of the Secretary of the Interior. 
These also contain reports by the Director of the 
Bureau, which are reprinted separately and distributed 
by the Bureau of Mines. Reports on Congressional 
hearings frequently contain statistical and technical 
data furnished by the Bureau that are used to deter- 
mine broad national policies in minerals and fuels. 

Films in the Bureau’s library of 16-mm. sound motion 
pictures are loaned through the Graphic Services Sec- 


180 subdistributing centers. 
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tion, U. S. Bureau of Mines, 4800 Forbes Street, 
Pittsburgh 13, Pennsylvania, or through one of the 
Some of the topics covy- 
ered are natural resources of individual states, mining 
methods, metallurgical processes, chemistry, fuels, 
automotive engineering, and various aspects of safety. 
Last year 63 different films, financed by industry, 
were shown to an estimated 30,000,000 people. ‘‘Mo- 
tion Picture Films of the Bureau of Mines’’ is pub- 
lished at one- or two-year intervals and contains infor- 
mation on the subdistributing centers, on regulations 
for borrowing films, and on the subject material of 
each film. Copies of this publication are available 
at the above Pittsburgh address or from the Bureau of 
Mines, Washington 25, D. C. 


DESCRIPTION OF BUREAU PUBLICATIONS 


Since its establishment, the Bureau has maintained 
a number of its own publication series. It-can thus 
make available its findings more quickly and in more 
detail than would be possible in scientific and trade 
journals. Table 1, prepared from two “Lists of Pub- 
lications of the Bureau of Mines,’ shows titles, num- 


been delayed. 
+ Not counted. 


TABLE 1 
Publications of the Bureau of Mines 
—Number issued*— 
Title 1910-48 1949-53 Typical contents 
Sales publications 
Bulletins 474 60 Original scientific and technical data, reviews, bibliographies, Ameri- 
can standards (ASA) 
Technical Papers (discontinued) 714 13 Same as above and including specifications, manuals, papers on law, 
economics, and accounting (now Bulletins, except as revised) 
Economic Papers (discontinued) 21 iss Economics and statistics (now Bulletins) 
Mineral Resources (discontinued) 8 Aven Economics and statistics (now Minerals Yearbooks) 
Minerals Yearbooks 14 5 Economics and statistics, with brief technological reviews. Volume 
2 for 1952 issued, volumes 1 and 3 in preparation. 
Monographs 8 ae Cooperative original scientific and technical research 
Handbooks 13 9 Instruction manuals on safety, efficient use of equipment, explosives, 
law, government specifications, and codes 
Miners’ Circulars (discontinued) 61 1 Health and safety education (now Bulletins except as revised) 
Schedules 23 4 Bureau of Mines requirements and fees for permissibility tests on 
mining equipment and explosives 
Data Books 7 — analyses of bituminous coals and locations of mines in the 
nited States (wartime project) 
Miscellaneous 2 Lists of Publications of the Bureau of Mines, Facts About Coal 
(popular account) 
Free publications 
Annual Reports of the Director, Bu- 38 5 Contributions to Annual Reports of the Secretary of the Interior 
reau of Mines 
Annual Reports of the Mine Inspector 
for Alaska (discontinued) 4 
Charts 3 Bas First aid, smoke densities, properties of mine gases 
Map 1 Mae Geographic distribution of 1928 production of certain ores 
Handbooks 1 sa pon Safety Code for Anthracite Mines of the U. 8S. (Paris 
an 
Miscellaneous a 1 Facts About Manganese (popular account) 
Reports of Investigations 2444 556 Original scientific and technical data, reviews, bibliographies 
Information Circulars 1488 185 Reviews, specifications, health and safety, bibliographies, la, 
economics, statistics, industrial practices 
Periodical Reports b b Economics and statistics 
Foreign Minerals Surveys 16 ass Mineral resources and production in foreign countries 
Mineral Market Reports b b Economics and statistics 
Injury Statistics 5 b 
Cooperative Publications 301 12 All phases of Bureau’s interests 
Manuscript Reports 2 es Mineral mining 


* In some cases the highest number in one of the Lists of Publications was used, although publication of a few lower numbers had 
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bers, and typical contents of the various classes of 
Bureau publications. 

‘The ‘Minerals Yearbooks” and the related Mineral 
Resources, Mineral Market Reports, Foreign Minerals 
Surveys, Economic Papers, most Periodical Reports, 
Mineral Trade Notes, and a number of Information 
Circulars contain statistics on production, stocks, 
imports, exports, distribution, and consumption of 
minerals, metals, mineral fuels, and chemical raw ma- 
terials; and size, employment, productivity, economic 
and technologie trends, and safety records of industries 
in these fields. 

The four largest classes of publication are Reports of 
Investigations, Information Circulars, Technical Papers 
(discontinued), and Bulletins. Their technical con- 
tents range from literature surveys and bibliographies 
to detailed accounts of Bureau projects that took many 
years to complete. In Table 2 we have selected a few 
publications to illustrate this range. 


AVAILABILITY OF BUREAU PUBLICATIONS 


The only complete compilation of material published 
in the Bureau series of publications is the monthly 
pamphlet, ‘‘New Publications, Bureau of Mines,” 
available free of charge from the Publications Distribu- 
tion Section, Bureau of Mines, 4800 Forbes Street, 
Pittsburgh 13, Pennsylvania. Twelve pamphlets are 
combined into annual indexed listings which, in turn, 
are gathered into quinquennial ones and, finally, into 
a cumulative listing. The two presently available 
“Lists of Publications of the Bureau of Mines” com- 
prise publications from July 1, 1910 to January 1, 1949, 
and those from January 1, 1949 to January 1, 1954; 
these lists are for sale by the Superintendent of Docu- 
ments, U. S. Government Printing Office, Washington 
25, D. C. 

The Publications Distribution Section at Pittsburgh 
also honors requests for free publications that are still 
in stock, and the Superintendent of Documents fills 
orders for the Bureau’s sales publications (see Table 1). 
The Publications Distribution Section, Bureau of 
Mines, U. S. Department of the Interior, Washington 
25, D. C., maintains mailing lists for all types of free 
publications, in toto or by groups, for which a steady 
demand exists. Publications no longer available for 


TABLE 2 
Representative Technical Publications of the Bureau of 
nes 
Type Number Subject 
Literature survey _—_ Bulletin 368 Static electricity 


Bibliography 
General 


Bureau of Mines 
publications 


Annual report 


Foreign report 


Original! scientific 
and technologic 
work 


Bulletin 478 

Information Circular 
7521 

Information Circular 
7528 


Bulletin 537 
Bulletin 485 
Bulletin 484 
Bulletins 467-8 
Bulletin 528 


Technical Paper 705 

Information Circular 
7531 

Information Circular 
7534 

Information Circular 
7717 

Information Circular 


7699 
Report of Investiga- 
tions 
Reports of Investi- 
gations 5118-19 
Bulletin 488 
Technical Paper 718 
Bulletin 489 
Information Circu- 
lars 7375-6 
Bulletin 542 
Bulletin 402 
Bulletin 148 
Monograph 3 
Monograph 5 and 
Bulletin 536 
Bulletin 492 
Bulletin 503 


Miners’ Circular 


Dust 
Minerals 


Air conditioning 


Air 

Coal hydrogenation 

Helium 

Oil shale patents 

Latest 5-year com- 
pilation on coal 

Health and safety 

Coal washing 


Oil shale 


Petroleum and nat- 
ural gas (1953) 
Coal (1953) 


Explosives and 

ames (1952) 

Synthetic fuels 
(1954) 

Isosynthesis (trans- 
lation ) 

Fischer-Tropsch 
(translation ) 

Mine safety (inter- 
national confer- 
ence) 

I. G. Farbenindus- 
trie (war-time 
investigation ) 

Theoretical metal- 
lurgy 

Crushing and grind- 


ing 

Recovery of petro- 
leum 

Natural gas and pe- 
troleum 

Coking of coal 


Analysis of coal and 
coke 
Flammability of 


gases and vapors 
Mine atmospheres 


sale or distribution may be consulted at a number of 
libraries mentioned in the ‘‘Lists of Publications of the 
Bureau of Mines.” 


AMERICAN CHEMICAL SOCIETY DIRECTORY OF GRADUATE RESEARCH 


PREPARED by the A. C. S. Committee on Professional Training, this second edition provides in- 
formation on the faculties, publications, and doctoral theses in departments of chemistry and 


chemical engineering at U. S. universities. 


It includes: all institutions which offer Ph.D. in chemistry or chemical engineering, instructional 
staff of each institution, research undertaken at each institution for past two years, and alpha- 
betical index of over 2000 individual faculty members and their affiliation as well as alphabetical 


index of 151 schools. 


The 446-page paper-bound volume is available for $2.50 from Special Publications Department, 
American Chemical Society, 1155—16th Street, N. W., Washington 6, D. C. 
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Tue first step in almost all analyses is the separation 
of the ions present in the test solution into several 
groups. This must be done in such manner that the 
ions arriving in any particular group do not interfere 
with the detection or determination of each other.! 
There is no fundamental difference between the pro- 
cedures designed for the two objectives: qualitative 
detection and quantitative determination, respectively. 
However, since the number and kinds of ions in the 
test solution are naturally known in a quantitative 
analysis, there usually is no need for what is known in 
qualitative analysis as a “separation scheme.” This is 
especially true when the number of ionic species is 
relatively small, because under such circumstances the 
numerous available precipitants ordinarily make it 
easy to devise a satisfactury ‘scheme,’ in other words 
to work out a suitable succession of the individual steps 
to be accomplished. In this case, the group precipi- 
tants are replaced by individual determination pro- 
cedures, which may be gravimetric, titrimetric, or of 
some other type. If, however, the number of ions to 
be determined is greater, as for example in the analysis 
of raw materials, ores, minerals, or complicated alloys, 
it becomes necessary to employ here also separation 
schemes for placing the ions into appropriate groups, 
z. e., schemes, which ordinarily are much like those com- 
monly used in systematic qualitative analysis. Ob- 
viously, qualitative separations should be as quanti- 
tative as possible. In most instances this result is 
actually achieved as shown by the fact that the ma- 
jority of the qualitative reactions are likewise suitable 
for quantitative determinations. Accordingly, in the 
following discussion of qualitative separation pro- 
cedures and methods, it is tacitly assumed that at least 
the preponderant portion of them may be applied to 
quantitative objectives also. 

The millennium of analytical chemistry will be 
attained when it becomes possible to detect every indi- 
vidual ion species directly and in the presence of any 
number and variety of other ions. This ideal state is 
still far distant and in fact there is hardly a strictly 
specific reagent that is absolutely free of interference 


1 The term “‘separation’’ is taken here to denote the procedure 
by which two or more substances are spatially separated from 
each other. It is important to stress this definition because 
frequently the term separation is used to designate the deter- 
mination of several substances side by side. 


» PRINCIPLES OF THE SYSTEMATIC 
SEPARATION OF CATIONS 


HERBERT WEISZ 
Technical University, Vienna, Austria 
(Translated by Ralph E. Oesper) 


disabilities. It is, of course, possible to use many 
reagents for specific reactions by judicious employment 
of masking and demasking, and perhaps the further de- 
velopment of these devices will result in strictly specific 
reactions for many ions. However, such procedures 
will require very many operations and consequently 
will be far more cumbersome than the ordinarily quite 
simple accomplishment of a suitable separation scheme. 
Entirely apart from the fact that the introduction of 
several masking agents will assuredly give rise to new 
sources of error, there is danger that the sensitivity of 
the reaction may be greatly impaired. 

Physical methods are suitable in many instances for 
the direct detection of ions without going through 
separation procedures. An excellent example is po- 
larography in which information regarding the pres- 
ence of ions in a solution is obtained by observing half- 
wave potentials exhibited by current density-voltage 
curves. Likewise, spectroscopy and spectrography can 
be employed for the sensitive detection of substances in 
a fairly simple fashion. 

In the majority of cases, however, it is not possible 
to avoid a separation scheme. The methods employed 
for this purpose may be divided into chemical and 
physical, from a purely formal standpoint. The di- 
vision ordinarily used in the literature of analytical 
chemistry will be followed here even though chemical 
and physical methods cannot of course be strictly de- 
limited. Perhaps it is possible to define chemical 
methods as those in which the individual separatory 
steps are based on precipitation or solution occasioned 
by adding chemical reagents, whereas other effecis 
are utilized for separating the single groups in the 
physical methods. The further division of the chemi- 
cal methods is made into two main groups. 

The first of these groups contains those instances 
in which the separations to a considerable extent take 
place via the sulfides. Thus use may be made of: 
(1) hydrogen sulfide itself, (2) reagents which generate 
hydrogen sulfide in the solution, or (3) reagents which 
primarily form sulfides that are stable in alkaline solu- 
tion, as exemplified by the classic sodium sulfide pro- 
cedure of Vortmann. The second group consists of 
those schemes in which there is no formation of sulfides. 

The physical methods of separation will be touched 
upon after the chemical methods have been discussed. 

The literature contains a large number of separation 
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schemes. If all these schemes, commencing with the 
original classical separation scheme of Fresenius- 
Bunsen and finishing with the most recently published 
schemes, are compared side by side, it becomes ap- 
parent that the number of basic operations involving 
actual separations into groups is astonishingly small. 
The 13 separatory operations given below are the build- 
ing stones from which practically all chemical separa- 
tion schemes are constructed, although these operations 
are obviously utilized under various conditions. Al- 
most all such schemes therefore represent a combina- 
tion of several of these 13 separatory steps. 
(1) Cl- (4) HS (7) PO,-* ~=(10) NaOH or KOH 
(2) (5) (NHy)Sz (8) (11) 
(3) HNO; (6) NaS. (9) NH,OH (12) H,O. or Br, + alkali 
(13) CrO,- 

In the great majority of cases, by combining a selec- 
tion of these fundamental separation steps, as they per- 
haps may be called, there results a division of the 
cations contained in the sample into several groups. 
Nothing comprehensive can be stated regarding their 
further division into subgroups, because even at this 
stage the conditions are very complex and differ so 
much in all cases that a systematization is scarcely con- 
ceivable. However, what was stated above holds for 
the essential development of a separation scheme, 
provided a few special methods are disregarded. 

Just as for the individual separation steps, their com- 
bination with each other can by systematized to a cer- 
tain degree. Two main possibilities arise. First, 
the reagents necessary to the accomplishment of the 
single fundamental separation steps can be added in- 
dividually in succession. In this case, the groups are 
precipitated successively from the initial test solution. 
The second possibility is the combination of the sepa- 
ration steps which occurs on applying several group 
precipitants simultaneously. Two large groups result, 
and they can then be subjected to further separation. 

The figure gives a very schematic presentation of 
these two general cases. The first, namely, the addi- 
tion of the group precipitants separately in succession 
and leading to the separation into smaller groups, is 
shown on the left. The familiar hydrogen sulfide 
scheme is an example. The single separatory steps 
would be: precipitation of chlorides, sulfides (in acid 
medium), sulfides (in ammoniacal medium) and hy- 
droxides, and finally carbonates (of the alkaline earths). 

The second case, namely, the application of several 
group precipitants simultaneously resulting in division 
into two large groups, is shown on the right. The well- 
known sodium sulfide scheme devised by Vortmann 
(14) is a typical example. The first separation step 
is accomplished by combining the action of sodium 
sulfide, sodium carbonate, and sodium hydroxide. 
The precipitate contains the alkali-stable sulfides, 
the hydroxides, and the carbonates, while the sulfo- 
salt-formers go into solution along with aluminate and 
beryllate and constitute the second large group. 
Further division is accomplished fundamentally by 


treating the precipitate or filtrate with hydrochloric 
acid. 

Of course, these two types should be viewed only 
as illustrations, and like any picture they give only a 
schematic presentation of the circumstances. But, 
as will be shown later by several examples, this “typing’”’ 
makes possible a very good division of all separation 
schemes. 

The majority of all the separation schemes which are 
now in actual use both in macro- as well as in micro- 
analysis are representative of those schemes which em- 
ploy gaseous hydrogen sulfide as group precipitant and 
hence are based on the long familiar classic hydrogen 
sulfide scheme. 

The decision as to how a distribution is to be under- 
taken, 7. e., to what extent the cations present must be 
divided into groups, and whether a separation into 
from four to six groups is adequate or whether more 
groups are necessary, depends entirely on the reactions 
that are available for the detection of the individual 
ions. The development of the chemistry of selective, 
specific, and sensitive reactions has already advanced 
to the stage at which most situations can be success- 
fully met with from four to six groups, a relatively 
small number, provided the scheme is not designed to 
cover an exceedingly large variety of ions. 

The second group of chemical analytical schemes com- 
prises those which avoid the use of gaseous hydrogen 
sulfide, but which still base the distribution of the ions 
into main groups on the formation of sulfides. The 
reason for the development of such analytical schemes 
was not to abandon or relinquish the advantages of 
separations via sulfides, but to avoid the complications 
and even danger accompanying the handling of hydro- 
gen sulfide. This avoidance is accomplished by means 
of reagents which produce sulfide ions when cleaved in 
solution. Under such circumstances, the hydrogen 
sulfide scheme need not be altered at all in most cases; 
the sulfide-former is merely introduced in place of 
H.S gas at the proper place. The following list gives 
the most important reagents of this kind which can re- 
place hydrogen sulfide. 


TYP: HaS 


335 

nany 
ment 
r de- 
acific 
lures 
ntly 
juite 
eme. 
n of 
new 4 
y of 
for 
ugh 
po- 
res- 
age 
can 
s in - 
ible 
yed 
and 
di- 
ical 
ical 
de- 
cal 
ory 
red 
the 
bes 
3 | 
of: 4 — 
ite (he 
ch 77 7 
of 
d. 
yn 


336 
NaS (NH,).S Na.8.0; NH: 
(NH,)2820; CH;,COSNH, S=C 
“Thiacet’’ 
SNH, 
NH 
VA SNH, 
CH;CSNH, CH;C 
“‘Sulfi-down’’ SH 
SNH, 
NH 
CSNH, ——— HC” 
HCSN 
O=C 
SH \ 
SNH, 


An example of this group of separation schemes is 
the procedure developed by Rawitsch (12) and shown 


+(NH4,).S 
Ppt. Soln. 
+HCl +HCl 
Ppt. Soln. Ppt. Soln. 


above. This extremely simple scheme is stressed here 
because it was one of the earliest attempts to get away 
from the use of gaseous hydrogen sulfide without losing 
the advantages of sulfide formation. The ions arriving 
in the various groups are not shown here in order 
that the clear scheme may be presented as simply as 
possible. Actually, the division into four groups is 
accomplished with only two reagents. 

This group of procedures also contains a scheme 
devised by Vortmann (15), which is closely allied with 
his sodium sulfide scheme. The solid sample is fused 
with sodium carbonate, the resulting mass is ex- 
tracted, and thus an initial division into two primary 
groups is reached immediately by the fusion itself. 
A distinctive feature of this scheme is that all of the 
ions in the various subgroups can be detected by very 
simple reactions—mostly blowpipe or bead tests. 

The interesting method of Cornog (3) once more 
uses, as did that of Rawitsch, ammonium sulfide, but 
in acetate-buffered acetic acid solution. 


+HCl 


™ 


Ppt.: Ag, Pb,Hg Soln. + (NH,)S + CH;COONH, 


Soln. + C,0,(NH4)2 


Ppt.: Pb, Zn, As, 
Sb, Sn, Hg, Bi, 
Fe, Cu, Co, Ni 


Ppt.: Ba,Ca  Soln. 


? 


The second group, nonsulfide formation, contains a 
rather large number of analytical schemes. The con- 
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stant and continuing objective has been and is ty 
eliminate hydrogen sulfide from analytical work. 

The first attempts to arrive at a scheme free from 
separation steps involving sulfides came not long 
after the creation of the hydrogen sulfide scheme. The 
following scheme devised in 1867 by Zettnow (/8) is 
of this kind: 


+HCl 


Soln. + 


Ppt. 


The successive separation stages were: (1) precipi- 
tation of the chlorides of silver, lead, mercury; (2) 
precipitation of alkaline earths as sulfates; (3) an 
interesting attempt, namely the deposition by a base 
metal of the metallic element of reducible cations. 
Thus, zinc in acid medium was used to deposit tin, 
mercury, copper, cadmium, bismuth, arsenic, and 
antimony as free metals. This scheme is not only the 
first procedure that is completely sulfide-free, but also 
the first in which the alkaline earths are precipitated 
before the iron group. 

Another scheme, which likewise should be included 
in the first type (see the figure) and hence employs a 
succession of the individual separatory steps, is that 
of Sachijew (13), shown below: 


+HNO; 


Ppt.: Sb, Sn Soln. + HCl 


Ppt.: Ag, Pb, Hg Soln. + NH,OH 


Ppt.: Fe, Cr, Al, Bi Soln. + H,0, 


Ppt.: Mn Soln. + (NH,).CO; 


Ba, Sr,Ca Soln. + Ba(OH » 


Ppt.: Mg, Ni,Co, Soln. + alkalies 
Zn, Cu, Cd 


Ppt.: 


This prescribes separation into seven small groups, 
a favorable factor since suitable identifying reactions 
are more easily discovered the smaller the number of 
ions possibly present in a particular group. ’ 

Probably, the non-H.S scheme most used today 1 
that developed by West, Vick, and Le Rosen (76). The 
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first, chloride 
group; second, basic benzoate group (this group con- 


ions are separated into five groups: 


tains the tri- and tetravalent metal hydroxides; the 
benzoates are used as buffers to insure the control of 
hydrogen-ion concentration, and in addition the 
benzoate radical replaces one of the hydroxide groups 
in the precipitate, thus giving a “weighting” effect) ; 
third, fluoride group; fourth, nonamphoteric group; 
and fifth, amphoteric group. These group separations 
are (uantitative. 

A characteristic representative of the second type of 
separation scheme, namely, that in which several 
group precipitants are applied simultaneously (see the 
figure), is the scheme proposed by Almkvist (1). This 
procedure, shown below, is obviously not entirely di- 
vorced from sulfides. 


+ KOH + HO, + K.CO; 


Soln.: 
Al, Cr 


Ppt.: Ag, Hg, Bi, Fe, Mn, As, Sb, Sn, Pb, Zn, 


Cu, Cd, Ni, Co, Ca, Ba, Sr 
+ C.0,-- 


\ 

Ppt. Soln. Ppt. Soln. 

This brief review of the attempts to find suitable 
separation schemes plainly indicates that the number 
of possibilities is not as large as might be imagined at 
first glance. 

More recently, and especially in the last few years, 
there has been a distinct movement back to the hy- 
drogen sulfide scheme. The separation procedures of 
Miller (10) and Holness and Lawrence (8), which in- 
clude to a great extent the so-called rare elements 
which are no longer so rare and are encountered often 
enough by analysts now, are based on the tried and true 
hydrogen sulfide scheme. 

It is striking that there is so little use of organic 
precipitants as group reagents. The reason probably 
is that the presence of organic materials, especially 
complex-formers, often leads to difficulties. These 
organic materials doubtless would have deleterious 
effects on both the subsequent separatory operations 
and on the sensitivity of the identification reactions. 
Consequently, in many instances they necessitate an 
additional step for their removal, as by extraction or by 
evaporation with oxidants. 

There is no great difference between the separation 
schemes employed in microanalysis as compared with 
macroanalytical procedures. Obviously, the separa- 
tion operations must be as quantitative as possible in 
microanalysis since losses, particularly in very dilute 
solutions or when dealing with extremely small samples, 
can result in serious errors. 

With respect to the use of reactions producing 
crystalline precipitates for qualitative purposes, Beh- 
rens and Kley (2) in their classic book on this branch of 
analytical chemistry employ a separation scheme which 
corresponds completely to the hydrogen sulfide pro- 


+ NaS 
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cedure. This scheme is also retained by Maljarow in 
his recent (1954) text (9). 

There are several separation procedures designed 
for the use of spot tests in special cases. Instances are 
Heller’s scheme for alloys (7) and a procedure pro- 
posed by Alvarez Querol and Wilson (11). The latter 
scheme is as follows: 


+HCl 
Ppt.: Ag, Hg, Soln. + HNO; 
Ppt.: Sn, Sb, Soln. + Na.SO, + C.H;OH 
Ti, Mo Tas 
Ppt.: Ca, Sr, Soln. + NH,Cl + NH,OH 
Ba, Pb 
Ppt.: Fe, Al, Cr, Soln.: Cu, Cd, Ni, Hg, 
Mn, Bi, Zr Zn, Co, Mg 


A short discussion of the separation methods of 
qualitative analysis which employ physical effects as 
defined earlier in this paper is in order here. 

First of all, a method, which unfortunately has not 
been further developed even though it seems to offer 
distinct success for certain purposes, is the “electro 
spot test analysis without external source of current’’ 
suggested in the 1930’s by Fritz (5), who also should 
be regarded as the founder of the electrographic meth- 
ods. In this method the test solution is brought into 
contact with a strip of metal, whereby, in accord with 
the electromotive series, the more noble metals in the 
solution deposit on the strip and can be identified there 
by appropriate reagents, as with the aid of an off-print 
procedure. Of course, this method may also be used 
to free a test solution of certain metals. For example, 
silver and mercury can be removed by placing a drop 
of the solution of the sample on a piece of copper foil. 

Another possibility of separating cations is found 
in inorganic chromatography. This is based on pass- 
ing the test solution through a column of active 
adsorption agent and then developing the chromato- 
gram. Suitable adsorbents are those which contain 
exchangeable ions carrying charges of the same sign, 
since inorganic or ion chromatography is based pre- 
dominantly on ion exchange. Certain regularities 
govern exchange chromatography as compared to those 
which involve the development of zones in pure ad- 
sorption chromatography. 

The cations separated in this manner must be made 
visible by means of suitable reagents. This is done by 
passing the latter through the column. Here they 
teact with the cations held in the various zones and 
yield colored products, which serve for the identifi- 
cation of the respective cations. 

It is particularly advantageous to combine chroma- 
tographic adsorption analysis with the usual group 
separations. The objective here is the detection of 
traces, and the separation of those groups which can be 
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separated only with extreme difficulty by purely 
chemical means. 


Another procedure, which in essence is chromato- , 


graphic, is paper chromatography. Following the 
great successes which this method experienced in the 
field of organic analysis, especially in the examination, 
both qualitative and quantitative, of natural prod- 
ucts, protein degradation products, carbohydrates, 
etc., it is now being called on more and more in inor- 
ganic analyses. Paper chromatography is based, 
at least when dealing with organic materials, on the 
distribution of two substances between two phases. 
The familiar Nernst distribution law applies here. 
One phase, the stationary, adheres to the porous car- 
rier, namely, the strips of paper; while the second phase, 
the mobile, flows away over the substrate. Not much 
is known about the extent of the intervention of other 
effects, such as adsorption, elution, and exchange re- 
actions. However, in inorganic paper chromatography, 
exchange and adsorption reactions appear to render 
essential assistance to the distribution phenomenon 
in accomplishing the separations. 

The application of paper chromatography in in- 
organic analyses can take two different paths. The 
cations which have previously been separated by the 
usual chemical procedures may be separated still 
further within the various groups by means of paper 
chromatography. In other cases, there is no previous 
separation into groups and the sample is tested di- 
rectly with the aid of paper chromatography only. 

Among the other methods of separation which are 
based entirely on physical effects, distillation separa- 
tions will be mentioned here. This appears to offer 
little hope of developing into a systematic method of 
separation. However, distillation methods often give 
excellent service in separating halogens, sulfosalt- 
formers (arsenic, anitimony, tin) and for the isolation of 
germanium. 

However another physical process appears better 
suited to systematic analysis, namely, extraction. The 
use of organic solvents in inorganic analysis has hitherto 
been limited to comparatively few cases. Instances 
are separation of potassium and sodium, separation 
of the chlorides or nitrates of the alkaline earth metals, 
isolation of iron (III) chloride from ions of the am- 
monium sulfide group by means of ether-hydrochloric 
acid (Rothe method). However, it is precisely paper 
chromatography that has demonstrated clearly that 
numerous inorganic salts are soluble in organic liquids. 
In fact, this is a prerequisite for their separation. The 
recent studies by West and Hamilton (17) make use of 
the solubility of antimony triiodide in benzene for its 
separation and determination. At present, these 
workers are developing such extraction methods for the 
systematic separation of cation mixtures. 

The possibilities of arriving at a systematic scheme 
of analysis through extraction are greatly enhanced by 
the fact that inner complex salts are mostly quite 
soluble in organic liquids and dissolve with difficulty in 
water. It should be noted in this connection that only 
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those inner complex salts are slightly soluble in water 
which no longer have any polar groups in the molecule. 
Helmuth Fischer (4) makes use of these properties of 
inner complex salts in his ingenious dithizone method. 
The metal dithizonates, which are true inner complex 
salts without polar groups, are soluble in organic 
liquids, particularly carbon tetrachloride and chloro- 
form. Since the stability of various metal dithizonates 
is pH dependent, and since on the other hand their 
formation can be prevented in many cases by masking, 
especially by means of potassium cyanide, a possibility 
is thus provided of identifying, accumulating, and 
determining many cations as well as separating them 
from one another. 

Furthermore, the metal oxinates are sufficiently 
soluble in organic liquids and their formation require- 
ments are sufficiently different to make possible a 
separatory procedure based on extraction. Gorbach 
and Pohl (6) have worked out an accumulation and 
separation procedure employing the dithizonates and 
oxinates by combining such extraction methods, and 
this technique serves to make trace metals accessible to 
spectroanalytical examination. 

Since in recent years the researches by Fritz Feigl 
have inspired and guided the discovery of many organic 
precipitants for cations, which in most cases are complex 
salt-formers, it appears most promising to pursue re- 
searches which involve organic complexes with the goal 
of developing separation procedures based on extrac- 
tion with organic solvents. The present writer is con- 
fident that such efforts will bear rich fruit. 
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CROSSWORD PUZZLE 


CARL ALTMAN, A. K. PRINCE and 


KENNETH SCHUG 


University of Wisconsin, Madison, Wisconsin 


Tue following puzzle has been modeled after the typical English crossword puzzle. 
Rather than being a matching game between exotic word lists, such a puzzle 


tests the worker’s acumen in other ways. 


The clues, in general, consist of a 


definition and an aid. Aids are constructed along the following lines: as anagrams 
(see 15 across), as homonyms (11 across), as words within words (5 across), or as 


combinations of these. 
It is dear to all of us. 


followed by fog. 
“C-he-mist-RY.”’ 


In short, anything goes. 


Good luck, and don’t gum up the puzzle with 17 across! 
[Eprror’s Note: Solution next month. You'll need the time!] 


Across 


8. Areal high powered gal! (3) | 

9. Mayer has a point on _ his—it’s 
critical. (3) 

ll. Mineral state? (3) 

13. To make a mistake in tantalum feels 
good under foot. (5) 

15. It led in making new Kaisers? (5) 

16. Small bird appears partly metallic at 
either end. (3) 

17. Chew on this while ruminating. (3) 

18. This Italian navigator makes a solid 
pun with 13. (5) 

20. Once a mixed up sailor; now super- 
fluous. (5) 

21. Baekland made this obsolete—it’s 
tickled. (5) 

23. Can little Albert make this a wrong 
Ray Corrigan? Isn’tit grand? (5) 

25. Short authors’ works. (3) 

26. Can’t be solved (short German). (3) 

27. Is this character a Greek wanderer? 
(5) 

28. This tree closes ring deals. (5) 

31. Standard oil. (3) 

32. Certainly found in oily esters. (3) 

33. Shortened associate of 18; sometimes 
followed by 16. (3) 

34. In the main it’s the name. (7) 

36. You'll find this useful preparation in’ 
the great garden ring. (8, 7) 

Down 


i. 
2 


4. 


Almost cop and robber guards against 
laboratory losses. (6, 9) 

Sit upset in this pickle, moonshiners 
do. (7) 


Gives ham’s pleasure, hot stuff’s 
measure. (13) 

Backward relative implies twinning. 
(3) 

To live, mix Te(VI). (5) 

Is ice water such a solvent? (5) 


10. 
12. 


For example, “Cry about a man 
(9)” is a clue to the nine-letter word 


kj 4 6 
10 
(2 114 
(7 2o 
3 2 
6 
7 30 
35 
Single unruly child in such a beast lent. (9) 
gives tremors. (9) 14. There’s room for at least two more 
“Cistern, reservoir (as of a barom- going in this direction. (3) 
eter); jar; tray (as for developing); 19. Clear mire for salvage unit. (9) 
bulb (of a thermometer); cup (e.g., 22. Peninsular source of the aldehyde of 
of aprimer) ; basin; sink; . . . (Acids) methyl-protocatechuic acid. (7) 
bottom of a lead chamber which 24, Void 14, we’re full up. (3) 
in the sulfuric acid collects... .” 29. 1 from 2 yields cheap tipper? (5) 
(Monsieur Patterson). (7) 30. Change going up, meaningless other- 
Important to kineticists and colorful , wise.* (5) 
marching bands. (9) 35. “Old soldiers never die.’”” How do 


The result of social contract among 
nucleons. (3, 4, 6) 
Goals sometimes not quite equiva- 


salts end? Devoured! (3) 


We’re sorry. 


, 486 


Tue concept of the grouping of the elements on a basis 
of physiological activity was first conceived by an 
English physician, James Blake. Basing his work on 
the study of the physiological activity of inorganic cat- 
ions in living organisms, he was able to obtain group- 
ings similar to those obtained later by Mendeleev and 
his followers. Blake’s researches comprise a fascinating 
chapter in the history of the study of the relationship 
between chemical structure and physiological activity 
and justify his recognition as a scientist of great versa- 
tility. 

Blake was born in Gosport, England, on July 14, 
1815. He studied medicine at the Universities of 
London and Paris, at the latter under the famous 
physiologist Magendie.‘ In 1838, at the early age of 
25, he discussed before the British Association for the 
Advancement of Science the results of his own re- 
searches,® and by 1841 he had been appointed a Fellow 
of the Royal College of Surgeons. His early re- 
searches, pursued in London, were carried on under the 
direction of Professor Sharpey,® who influenced Blake 
to investigate the action of poisons and medicines when 
introduced into the blood stream of the living animal. 

From this investigation he was led to a study of the re- 
lation between chemical constitution and physiological 
activity. 

In 1847, Blake came to St. Louis, Missouri, and was 
appointed to the chair of anatomy and surgery in the 

Medical College of St. Louis University. 

Blake resigned his chair at the University in 1850 and 

left St. Louis for Sacramento, California, where he re- 

mained for the next 12 years. In 1862 he went to San 

Francisco where he engaged in regular medical practice 

until 1876. He was a faculty member of the newly 


1 Presented before the Division of History of Chemistry at the 
123rd Meeting of the American Chemical Society, Los Angeles, 
March, 1953. 

2? Taken from a thesis submitted by Sister Mary Ambrose 
Devereux to the Graduate School of St. Louis University in par- 
tial fulfillment of the requirements for the degree of Master of 
Science, August, 1952. 

3 Present address: Massachusetts General Hospital, Boston, 
Massachusetts. 

4 Francois Magendie (1783-1855), founder of modern experi- 
mental physiology and pharmacology. See Freiprnea, G. H., 
‘An Introduction to the History of Medicine,’”’ W. B. Saunders 
Co., Philadelphia, 1929, pp. 465-6. 

5 BLAKE, J., Arch. Gen. Med., 6, 290 (1839). 

6 William Sharpey (1802-80), prominent teacher of physiology 
at University College, London (1836-74), is known for his papers 
on cilia and ciliary muscles. See Lancet, 1, 662 (1880). 


e A PHYSIOLOGICAL BASIS FOR THE GROUPING 
OF THE ELEMENTS—JAMES BLAKE (1815-93) ’ 


SISTER MARY AMBROSE DEVEREUX, 
S.N.J.M., HUGH B. DONAHOE, and 
KAZUO K. KIMURA‘ 

St. Louis University, St. Louis, Missouri 


organized Toland Medical College, later to become the 
Medical School of the University of California. He 
served as editor of the Pacific Medical and Surgical 
Journal and as president of the California Academy of 
Science. 

Blake suddenly left the city in 1876 to develop a tu- 
berculosis sanatorium at Calistoga in the Napa Valley. 
This move may have been initiated by a desire to test 
his theory regarding the treatment of tuberculosis. 
He strongly advocated the open-air treatment for 
patients thus afflicted, and his views on this matter 
were published in the Pacific Medical Journal in 1879! 

Blake sold his sanatorium in 1880 and moved to 
Middletown, California, where he returned to the 
studies of his early career in London and Paris. He 
began a series of spectroscopic experiments in connec- 
tion with the relation between chemical-structure and 
physiological activity, and again began to publish his 
work in the European scientific journals. From 
Middletown, he went on three occasions to present his 
studies personally to the learned societies of England, 
France, and Germany. His scientific career was ter- 
minated by his death in 1893, at the age of 78 years. 


FIRST RESEARCHES 


While conducting a series of experiments on dogs to 
determine the effects of solutions of inorganic salts, 
Blake first became aware that physiological activity de- 
pended upon the metallic element of the salt.8 Many 
salts of the same metal gave identical physiological 
effects when introduced directly into the blood stream, 
and his investigations® published in 1839 were the first 
to point out this influence of the electropositive element. 
In further extending his research, Blake’s attention wis 
attracted by what seemed to be a striking similarity in 
physiological activity among salts widely different in 
their ordinary properties. He examined first the sa!!s 
of magnesium, zinc, copper, calcium, strontium, ba'- 
ium, lead, silver, sodium, ammonia, and potassium, aiid 
in analyzing his results, he was able to point out’ in 
1841 a marked gradation of physiological properties 'n 
these substances in the order listed. 

Although he found no physiological characterist ¢ 
common to the substances occupying the extremes of 
the series, he did observe many points of resemblance :n 
any two substances adjacently grouped in the inter- 


7 BuaKE, Pacific Med. J., 21, 433 (1879). 
8 Ibid., Edinburgh Med. J., 51, 342 (1839). 
9 Tbid., 56, 104 (1841). 
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mediate parts of the scale. Thus the salts of zinc and 
copper showed great similarity to the salts of magne- 
sium, the one difference being the greater toxicity of the 
zinc and copper. The salts of calcium, although show- 
ing some similarity to those of magnesium, zinc, and 
copper, seemed to resemble more closely the salts of 
strontium and barium. The analogous action of the 
latter two was even more pronounced than that be- 
tween magnesium and zinc, the only difference being the 
greater toxicity of the barium salts. 

More striking than the previous observations was one 
on the resemblance in the effects of the salts of silver 
and sodium, which differ so widely in their ordinary 
properties. The salts of lead, although in agreement 
with those of barium and strontium in most of the 
effects observed, exerted an action on the pulmonary 
tissue analogous to that of the silver and sodium salts. 
In their physiological action, they seemed to form a 
link between the salts of strontium and barium, and 
those of silver and sodium. The ammonia and potas- 
sium salts, although resembling one another to a 
marked degree, did not fit into the apparent arrange- 
ment. 

Blake now began to consider the existence of a close 
connection between the physiological activity of these 
substances and the specific property of isomorphism. 
Blake apparently followed the recognized concept that 
isomorphous elements were those which could replace 
one another in certain crystals without affecting the 
structure of the crystal. Blake considered isomor- 
phism (structural similarity) and physiological activity 
to be the first step to a more scientific insight into the 
action of substances on living organisms. It was with 
this attitude that he began to extend his researches so 
as to verify or disprove this relationship to isomorphism. 

Having established the analogous activity of magne- 
sium, copper, and zinc, Blake investigated the activity 
of four other elements known to be isomorphic with 
them, namely, iron, nickel, manganese, and cadmium. 
Their action on the nervous system was sufficiently well 
marked to distinguish these seven elements from any 
other class of substances. They differed among them- 
selves only in the quantities required to produce the 
same symptoms. 

In view of the results obtained, Blake felt that he was 
justified in concluding the existence of a close relation- 
ship between certain properties of substances and their 
action on living organisms. Although aware that 
such a doctrine had been vaguely advanced from a 
general point of view, he did not hesitate to claim that 
his experiments were the first to indicate a relationship 
between a property of a substance and its action on 
living organisms. 
that the connection was related to the structural as- 
pects of matter.! 

Blake followed these experiments with others in 
which he investigated the salts of iridium, osmium, 
platinum, and palladium, and the acids of sulfur and 
selenium. The experiments with iridium and osmium 


© [bid., Rept. Brit. Assoc. Adv. Sci., 13, 119 (1844). 


He was also convinced at this time _ 
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proved that these substances agreed closely in their 
physiological action with the salts of palladium and 
platinum, with which they were isomorphous. The 
acids of sulfur and selenium, already known to be iso- 
morphous, also proved similar in their physiological 
activity. 


FIRST CONCLUSIONS 


With this set of experiments, Blake concluded the 
first part of his series of researches. These experiments 
were carried out over a period of six years and the ac- 
tions of the compounds of 29 elements were investi- 
gated. The work was summarized in an 1848 publi- 
cation of the American Journal of Medical Science." 
Blake was now able to arrange into groups, on the basis 
of the biological effects of their compounds, the ele- 
ments whose activity he had investigated. His group- 
ings, in which isomorphism and physiological activity 
are his criteria, confirmed and somewhat amplified the 
then currently accepted groupings of the elements al- 
ready known to be chemically similar.'2 They were 
almost identical with those considered and expanded 20 
years later by Mendeleev. It must be pointed out, 
however, that Blake himself conceded that he was con- 
cerned primarily with the grouping of the elements 
and he did not foresee a periodic relationship in the 
elements he investigated. '* 

Table 1 illustrates Blake’s groupings according to his 
observations of analogous physiological activity. Al- 
though he placed calcium, strontium, and barium in a 
distinct group, he pointed out their physiological re- 
semblance to the elements in the magnesium group. 
Copper, designated by Mendeleev as belonging to 
Group I, was placed by Blake with the elements later 
classed as Group II. The fact that he used divalent 
copper in his experiments excludes any inconsistency 
here, since divalent copper is closer in resemblance to 
zine than it is to the monovalent elements of Group I. 
As indicated in Table 1, he was able to group together 
the elements which Mendeleev later referred to as the 
transition elements. Thus he indicated the” great 
similarity in physiological activity between manganese, 
iron, and nickel, as well as between palladium, osmium, 


1 Tbid., Am. J. Med. Sci., 15, 66 (1848). 

12 J. W. Dobereiner (1780-1849) had already published his 
discovery of the triads in which the middle element had proper- 
ties which were a mean of those of the other elements of the triad. 
See DoBEREINER, J. W., Gilbert’s Ann., 57, 436 (1817) and Pogg. 
Ann., 15, 301 (1829); J: P. Montgomery, J. Cuem. Epuc., 8, 
162 (1931). 

13 BLAKE, J. Physiol. (London), 5, 44 (1884). 


TABLE 1 
Blake’s Groupings of Elements into Physiological Patterns 
Sodium Magnesium Calcium Phosphorus 
Silver Copper Strontium Arsenic 
Cadmium Barium Antimony 
Zine 
Sulfur Manganese Palladium 
Selenium Chlorine Iron Osmium 
Bromine Nickel Iridium 
Iodine Platinum 
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iridium, and platinum. This observation is in agree- 
ment with the accepted fact that, in general, among the 
transition elements the “horizontal’’ periodic relations 
are more marked than the “vertical.” 

As a result of further investigations, Blake was able 
to fit more elements into his original groupings and thus 
come to a more complete approximation to the periodic 
table of Mendeleev. His concept of arranging ele- 
ments in physiological patterns is still used today and, 
in using simple test organisms, it is readily possible to 
show the graded activity of the elements in the various 
subgroups of the common Mendeleev periodic table.'4 


DISCOVERY OF NEW “LAW” 


Blake now arrived at what, to him, seemed a rather 
obvious conclusion: that the physiological action of 
these substances depended upon some property they 
possessed in connection with their isomorphous rela- 
tions; and he unhesitatingly proceeded to claim the dis- 
covery of a new law in physiological chemistry which 
had escaped the attention of previous observers. He 
stated the law as follows: ‘The reactions which take 
place between the elements of the living body and in- 
organic compounds are not to be explained by the ordi- 
nary chemical properties of these substances, but de- 
pend on certain properties they possess connected with 
their isomorphous relations.’’® 

To add weight to the evidence already presented to 
substantiate the validity of the law, Blake offered a 
few collateral considerations. He pointed out that the 
substances which produce the least change in the organ- 
ism when introduced directly into the blood stream are 


1 Marsu, D., “Outline of Fundamental Pharmacology,” 
Charles C Thomas Co., Springfield, Illinois, 1951, p. 163. 
% Buake, St. Louis Med. Surg. J., 4, 559 (1846-47). 


TABLE 2 
Isomorphic Groups and Fatal Dosage 
Metals in ' Atomic Fatal dose, 
isomorphic group weight mg./kg. 
Lithium 7 12 
ium 23 aS, 
Rubidium 85 0.12 
Cesium 133 0.12 
Silver 108 0.028 
Gold 196 0.003 
Magnesium 24 0.97 
Tron (FeO) 56 0.32 
Nickel 58 0.18 
Cobalt 58 0.17 
Copper 63 0.17 
Zine 65 0.18 
Cadmium 112 0.085 
Calcium 40 0.50 
Strontium 87 0.38 
Barium 136 0.08 
Beryllium 14 0.023 
Aluminum 27 0.007 
Tron (Fe,03) 56 0.004 
Yttrium 90 0.004 
Cerium (Ce,0;) 140 0.005 
Cerium (Ce,0,) 140 0.062 
orium 231 0.034 
Palladium 106 0.008 
Platinum 195 0.027 
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those which exist in the body as constituents of some of 
its fluids or solids, or which have isomorphous relations 


‘with some of these. On the other hand, those which 


have no isomorphous relations with the normal constit- 
uents of the body are those which are the most fatal. 
He also pointed out, as a matter of interest, that silver 
seemed to possess the quality of entering into the com- 
position of the animal tissues without destroying their 
vitality or interfering with their functions. He explained 
this on the basis that silver, being isomorphous with so- 
dium, could replace it as an element in the composition 
of the tissues, and this in his opinion accounted for the 
coloration of the skin by silver nitrate. 


RELATION TO ATOMIC WEIGHT 


In the years 1848-71, Blake extended his ex- 
periments to include the investigation of the physio- 
logical action of the compounds of 40 elements. With 
these extended researches he found no facts that were 
not in accord with the conclusions he published in 1848. 
In 1873, in a communication to the California Academy 
of Science,* he pointed out a further interesting fact 
connecting the physiological action of these inorganic 
substances with their chemical constitution. In this 
paper he demonstrated that among the salts of the 
metallic elements the intensity of physiological action 
was related to the atomic weight of the element, so that. 
when the elements are arranged in isomorphous groups, 
the toxic action of substances in the same group is a 
function of atomic weight. Table 2 shows some of the 
metals whose salts were investigated by Blake, as 
arranged by him in isomorphic groups, together with 
their atomic weights as accepted at the time, and the 
relative fatal dose in mg./kg.”” 

In commenting on the relative toxic power of the ele- 
ments he called attention to the great difference in 
toxicity between the ferric and ferrous salts, the former 
being much more toxic than the latter. The same ob- 
servation applies to the salts of cerium. In his esti- 
mation, nothing could more strikingly illustrate the de- 
pendence of physiological action on isomorphous rela- 
tions than the marked contrast in the physiological 
action of the same element when found in different iso- 
morphic groups. 

Palladium and platinum offered one exception to the 
regular observed pattern of increasing toxicity with in- 
creasing atomic weight, but he attributed this to the 
presence of ruthinium and rhodium in the palladiwi 
salts, stating that at the time he carried out the ex- 
periments the separation of these metals was impe'- 
fectly understood. 

According to Blake, the fact that intensity of biolog'- 
cal activity increased with atomic weight within an iso- 
morphic group demonstrated in a clear-cut manner the 
difference between these biological reactions an 
the ordinary chemical reactions, since in the latter the 
amount necessary to produce comparable results in- 
creases with atomic weight. 


16 Tbid., Proc. Calif. Acad. Sci., 5, 75 (1873-74). 
1 Ibid., Compt. rend., 96, 440 (1883). 


VOLUM 


RELAT: 


Blak 
vestiga 
valence 
cating 
ters afi 
A more 
of high 
valence 
biologi 
fied thi 
and th 
baltic, 
finding 

Alth 
his the 
tween 
they a 
vestiga 
the int 
mining 
His lat 
of ison 


Avruc 
stand 
prepa 
tory ¢ 
import 
operat 
figure. 
has be 
upon ; 
that t 
oxide 
lowere 


acetor 
bottor 
face is 


liter fl 


; 
| 
ay 
= 
| 
4 rying 
| 
| 
| 
Ro 
: 


ATION 


yme of 
ations 
which 
mstit- 
fatal. 
silver 
their 
ained 
th so- 
sition 
the 


With 
were 
1848. 
lemy 

fact 
Fanic 

this 
the 
“tion 
that 


VOLUME 33, NO. 7, JULY, 1956 


RELATION TO VALENCE 


Blake followed up these considerations with an in- 
vestigation of physiological activity as related to the 
valence of the metals concerned. He succeeded in indi- 
cating a relationship between the number of nerve cen- 
ters affected and the valence of the element acting. 
A more extensive activity was manifested by elements 
of higher valence. Among the elements with variable 
valence, it was the salt with the higher valence whose 
biological activity was the more extensive. He veri- 
fied this conclusion by comparing the action of thallous 
and thallic salts, ferrous and ferric, cobaltous and co- 
baltic, and cerous and ceric. Table 3 summarizes his 
findings. 

Although Blake’s achievements are not confined to 
his theoretical contributions on the relationship be- 
tween chemical structure and physiological activity, 
they are his greatest. To summarize briefly: his in- 
vestigations published in 1839 were the first to point out 
the influence of the electropositive element in deter- 
mining the physiological activity of an inorganic salt. 
His law relating physiological activity to the property 
of isomorphism is still valid, as is his law stating that 


[bid., 106, 1252 (1888). 


TABLE 3 
Relationship Between Valence and Physiological Activity 


Monovalent elements-——act on the pulmonary arteries 
Divalent elements—act on the emetic centers and on the cardiac 
and voluntary muscles 
Trivalent elements—act on the respiratory, vasomotor, and in- 
hibitory centers, on the cardia ganglia, 
and on the pulmonary artery 
Tetravalent elements—act on the respiratory, vasomotor, and 
inhibitory centers, the cardiac ganglia, 
the pulmonary artery, the brain, and 
the spinal cord 


the relative toxicity of metals is a function of atomic 
weight within an isomorphous group.'* 

Blake’s researches, conducted with the view of es- 
tablishing a relation between chemical structure and 
physiological activity, inaugurated an important series 
of scientific investigations which has continued un- 
broken for over a century. 
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« NOTES ON THE LYOPHILIZATION TECHNIQUE 


A.ruovuau lyophilization (freeze-drying) has become a 
standard procedure for drying a variety of biological 
preparations,!—* a majority of the biochemistry labora- 
tory courses do not include a demonstration of this 
important technique. A simple, inexpensive, easy-to- 
operate apparatus for freeze-drying is illustrated in the 
figure. The usual laboratory freeze-drying apparatus 
has been improved by supporting the condenser flask 
upon a block of solid carbon dioxide in such a fashion 
that the flask becomes filled with ice as the carbon di- 
oxide sublimes. This allows the condenser flask to be 
lowered into the Dewar flask by gravity. Just enough 
acetone has been added to the Dewar flask to touch the 
bottom of the condenser flask. Only this bottom sur- 
face is thus kept cold. An apparatus consisting of one- 
liter flasks is capable of removing about 850 ml. of water 
in a continuous, unattended, 24-hour operation. In 


‘ Harris, R. J. C., “Biological Applications of Freezing and 
Drying,’’ Academic Press, Inc., New York, 1954. 

Burnn, R. C., F. A. Guntuer, Agr. and Food Chem., 3, 
1013 (1955). 

Rotres, T., P. CLeMENts, AND A. R. Winter, Food Technol., 
9, 569 (1955). 


ARTHUR W. DEVOR, EDWARD B. TITCHENER, 
CHARLES E. ANDRE, and WALTER J. FRAJOLA 


The Ohio State University, Columbus, Ohio 


order to prevent breaking the condenser when it is 
removed from the Dewar one can pour water over the 
outside of the flask until a layer of liquid is formed be- 
tween the ice and the walls of the flask. 
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A CHEMISTRY LIBRARY EXHIBIT FOR 
HIGH-SCHOOL VISITORS DAY 


Ir 1s the custom of many colleges and universities to 
set aside a day toward the latter part of the academic 
year for the purpose of acting as educational hosts to 
high-school seniors who are invited to visit the campus. 
Usually, in addition to general tours of the campus, 
opportunity is given for those of definite interest to 
inspect the facilities for pre-professional training. 
The purpose of this paper is to describe briefly the 
way in which the chemistry library is made an impor- 
tant and interesting exhibit on high-school visitors day 
at the University of San Francisco. The author of 
this paper and his colleagues believe that the embryo 
chemist should be made aware of the important role 
which the chemistry library will play in his education. 
Consequently, much time and thought have been de- 
voted to make the library visit appealing and informa- 
tive with the hope that the high-school students will 
view the library as an integral part of the chemistry 
department’s facilities, equal in importance to the class- 
rooms and laboratories. A faculty member is on hand 
to receive small groups of visitors as they are brought 
to the library by a guide. 
Since the visitors already have seen the main library, 
it is in order to explain at once why the chemistry 
collection must be available in the close vicinity of the 
laboratories. It is pointed out that the college chem- 
istry student, especially in the upper division where 
he is expected to perform his experiments with a mini- 
mum of faculty guidance, frequently has to consult 
the library two or three times in an afternoon. Men- 
tioning the fact that the chemistry student uses the 
library and laboratory in close conjunction offers the 
opportunity to make clear to the visitors that the 
chemistry books are tools (almost, so to speak, pieces 
of apparatus) which can and must be utilized for effec- 
tive progress in the laboratory. 
The visitors can observe at a glance that the chem- 
istry library consists not only of books (in the ordinary 
sense) but also of bound volumes of journals. Since 
the high-school student is more familiar with the for- 
mer, they are discussed first. A few minutes are given 
to explaining that most of the books are for reference 
purposes. They are not of the type which usually are 
taken out for reading, but are consulted from time to 
time in planning experimental work, clearing up doubt- 
ful points which may arise, and comparing experimental 
results with those previously reported. The character 
and usefulness of typical reference books such as 
Beilstein, Gmelin, Mellor, various dictionaries, and 
monographs are shown as specific examples. 

More time is spent on the bound journals and un- 
bound current issues, both because they are unfamiliar 


MEL GORMAN 
University of San Francisco, San Francisco, California 


to the visitors and because of their inherent greater 
importance. The dual purpose the journals serve as 
repositories for the research accomplishments of many 
laboratories and as the means of dissemination of this 
research knowledge is explained at some length. A 
copy of a journal is taken from the shelf and opened to 
a previously selected paper whose title can be under- 
stood by high-school chemistry students. The name 
of the author and the laboratory from which the con- 
tribution has been made are noted, and a brief and 
simplified summary of the contents of the article is 
given. Also, the volume of Chemical Abstracts in which 
the article is abstracted is used to explain the function of 
Chemical Abstracts with emphasis on the tremendous 
coverage of scientific endeavor which is provided by 
the abstracting of over 5000 journals from all over 
the world. Mention of this last point can be 
the occasion for indicating the presence of foreign 
journals on the library shelves, thus showing the inter- 
national character of chemistry and, by extension, of 
all sciences. 

The final portion of the library visit is concerned 
with a display of reprints of articles by members of the 
chemistry staff. The purpose of the reprint exhibit. is 
to show the contributions which this institution has 
made to the general advance of chemical knowledge. 
The papers are arranged according to field of chem- 
istry—organic, inorganic, physical, biochemical, teach- 
ing, chemotherapy—and are identified by an appropri- 
ate placard. A dozen different journals are repre- 
sented. After relating how the reprint system func- 
tions as an auxiliary help to the journals and 
Chemical Abstracts in the dissemination of chemical 
knowledge, some particular characteristics of the dis- 
played reprints are brought out. The visitors always 
seem to be impressed with the number of papers which 
are joint publications by students and faculty. ‘The 
department has a strong program of senior researc), 
and quite a few of the results obtained have becn 
significant enough to merit publication. Some mastc:’s 
theses also have been published. A number of 'e- 
prints represent collaboration with other universiti:s, 
medical schools, and hospitals. This fact can be used 
to make the visitors aware of a tendency which is 
becoming more and more pronounced, namely, (!i¢ 
development of the cooperative nature of chemival 
research. 

As the high-school visitors leave the chemistry |i- 
brary, it is hoped that the orientation they have 
received is convincing enough to make them appreci::te 
that the library is an important integral unit in any 
chemistry department. 
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A REDUCED-SCALE LASSAIGNE TECHNIQUE 


Ticker! has surveyed the methods available for the 
detection of nitrogen, sulfur, and the halogens in or- 
ganic compounds and has concluded that the modi- 
fied Lassaigne test, involving fusion with metallic 
sodium, is to be preferred to those tests employing 
zinc or magnesium dust in conjunction with an alka- 
line carbonate. This conclusion is in line with our own 
experience. 

In place of ignition tubes, we use small soft-glass 
bulb-ended fusion tubes of the form shown at (a) in 
the figure. These 3-mm. bore tubes may be made by 
drawing down scrap tubing, or they are available com- 
mercially.?- The ideal wall thickness is 0.3 mm. Dur- 
ing the heating operation, the tube is, conveniently 
supported in the glass-rod holder shown in plan view at 
(b). This holder carries two adjacent bands AA cut 
from rubber tubing. These firmly grip the tube when 
it is thrust between them. 

Cylindrical sodium pellets, about 1.5 mm. in di- 
ameter and weighing about 10 mg. each, are cut as re- 
quired by the device shown on a larger scale at (d). 
This pellet-cutter is an 85-mm. length of 14-gage 
stainless steel hypodermic needle tubing, which is sup- 
plied with a highly-polished bore. By means of a fine 
carborundum stone one end is ground cork-borer 
fashion to a sharp cutting edge. Just before com- 
pleting the grinding, the slight inward burr is removed 
by light reaming, e. g., with a sharp scissor blade. 
After the particles of abrasive are washed off, the 
ground surface is polished on a strip of cardboard. 
The ejector rod B is an easy fit in the cutter and about 
10 mm. longer than the latter. 

Sodium, in the form of a dise about 5-6 mm. thick, is 
stored in a one-ounce screw-capped jar which con- 
tains a total depth of 10-15 mm. of liquid paraffin. 
It is advisable to change several jars at once, cutting 
the sodium stick under paraffin and rejecting the end 
slice. If transference to the jars is then made quickly 
so that the oil film is not broken, the faces of the discs 
will remain bright for several weeks. To obtain a 
pellet, the cutter (with ejector in place) is held vertically 
an lightly pressed on the surface by rolling the cutter 


Tucker, S. H., J. Cuem. Epvuc., 22, 212 (1945). 

* Supplied by Messrs. Griffin & George, Ltd., Kemble Street, 
London, W.C.2, England. 

“Messrs. Accles & Pollock, Ltd., Oldbury, Birmingham, 
England. 


The Detection of Nitrogen, Sulfur, and 
Halogens in Organic Compounds 


JOHN T. STOCK and M. A. FILL 
Norwood Technical College, London, England 
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Fusion Tube, Holder and Accessories 


between thumb and forefinger, this motion then being 
continued as the cutter is slowly lifted. Adhering paraf- 
fin is removed by touching the walls of the jar followed 
by wiping with a strip of filter paper. The cutter is 
then thrust well down into the fusion tube containing 
the sample and the pellet is ejected into the bulb as 
shown. The time between removal of paraffin and the 
commencement of the fusion operation should not 
exceed 20 seconds; the vigorous effervescence on ex- 
posing a freshly-cut sodium surface to the air is plainly 
visible under a microscope. 

In addition to its speed (a sodium pellet can be cut 
and delivered, without exposure to the air, in less than 
10 seconds), this method is very economical, since 
about 15 pellets may be cut from a single 15-mm. 
sodium disc. The latter is never exposed to the air, 
so that the cut surfaces suffer no attack; the residual 
“skeleton” may be compacted by a stout glass rod and 
used for making sodium wire, etc. 
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To prevent lodging on the walls of the fusion tube 


during the introduction of the sample, a 100 mm.- X 1- . 


mm. bore opened-end melting-point tube is used as a 
charging device. Because of their uniformity, bulk- 
drawn tubes are convenient to use for this purpose.’ 
Solid samples are powdered on a crucible lid by means 
of a flat-ended glass rod and scraped into a heap. A 
melting-point tube is then repeatedly pressed into the 
heap until a suitable column of powder has been picked 
up. Although governed by actual tube-diameter, 
density, and tightness of packing, a column 5 mm. 
long has an average weight of about 5 mg. The charged 
tube is then inserted into the fusion tube until the end 
carrying the sample enters the bulb, and the powder 
is pushed out by means of a plunger of fine glass rod. 
Whereas the charging tube is rejected after use, the 
plunger, being easily cleaned, is used repeatedly. 

For liquid samples, a tiny rubber teat‘ C’ is slipped 
on to one end of the charging tube, which also carries 
a small rubber collar D, as shown at (c). A pair of 
such trough-section collars may be made by slitting 
lengthwise an 8-mm. length of 5-mm. bore tubing. 
A small central hole, which may be made with the 
sodium cutter, enables the collar to be slid onto the 
charging tube so that the open end of the latter is just 
above the bulb when inserted in the fusion tube, as 
shown. After the position of the collar is adjusted, 
the open end of the charging tube is inserted into the 
sample (a single drop on a cavity-type microscope slide 
suffices). The teat is then compressed very slightly 
and released, so that a liquid column from 6 to 8 mm. 
long is drawn in. With the open end of the tube resting 
on a strip of filter paper, slight pressure is again applied 
to the teat until the column is of the desired length 
(unless the liquid is unusually dense, a length of from 
3 to 4 mm., equivalent to about 5 mg., is used). The 
teat is at once released, and the column should recede 
about 5 mm. from the end of the tube. This recession 
allows the tube to be warmed slightly without expelling 
the sample. The charged tube is then introduced into 
the fusion tube and the sample expelled when required. 

A simple “lucite” screen, which is bent up from 
1/,-in. thick sheet and gripped between the micro- 
burner and its base, is a useful safety device. A hole 
bored in the horizontal extension of the shield carries a 
crucible containing 3 ml. of distilled water, into which 
the hot tube is plunged at the end of the fusion opera- 
tion. The shattered bulb and its contents are then 
crushed with the flattened end of a glass rod. With 
the crucible supported by a rubber-handled wire hook,® 
the mixture is boiled, then is allowed to cool, and is fil- 
tered. Filtration is achieved simply by placing a small 
tuft of absorbent cotton wool on the surface of the 
liquid and then pressing the tuft firmly to the bottom 


‘ British Drug Houses, Ltd., Poole, Dorset, England; as 
supplied for “Capillator” outfits. 

‘Stock, J. T., anp P. Hearn, “Small-Scale Inorganic Qualita- 
tive Analysis,” Chemical Publishing Co., New York, 1954, pp. 
4-12. 
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of the crucible with the jet of a bulb-type teat pipet. 
On squeezing and releasing the teat, the liquid is drawn 
through the tuft and into the pipet. The liquid may 
then be delivered into a 70 X 10-mm. test tube (this 
size is used for most of the succeeding operations) and 
made up to 3 ml. Although a file mark on the tube is 
helpful in this respect, a tiny fused-on bead of blue glass 
is much more easily seen. To permit its use as a meas- 
ure, as well as for transference operations, the teat 
pipet is similarly marked to deliver 0.5 ml. of Jiquid. 

Procedure is as follows. Insert a fusion tube into the 
holder and, if the sample is a solid, introduce about 
5 mg. into the bulb. Add a sodium pellet, shake quickly 
to coat the pellet with powder, then at once com- 
mence heating, shaking gently but continously. Start 
with the bulb about 100 mm. above a semi-luminous 
flame, about 10 mm. high, and lower steadily until the 
sodium melts. At once shake vigorously and introduce 
the bulb into the flame. When the reaction subsides, 
increase the flame height to 20 mm., maintain the 
bulb at dull-redness for about 1 min., then plunge it 
into 3 ml. of water, break up the glass and residue, 
boil, cool, filter, make up to 3 ml., and mix well with 
the tip of a teat pipet. 

Average liquid samples may be treated in the same 
way; the narrow fusion tube acts quite well as a reflux 
condenser. Particularly with volatile liquids, however, 
the collar-supported charging tube is recommended, 
the sample thus not being ejected onto the sodium un- 
til the latter has melted. 

Detection of the elements in portions of the fusion 
extract is based on well-known procedures.’: § 

(1) Test 1 drop for sulfur with sodium nitroprus- 
side solution. Alternatively, transfer 2 drops to a test 
tube, add 4 drops of dilute hydrochloric acid, at once 
insert a loosely-fitting stopper carrying a 20-mm. 
length of 26-gage silver wire, warm gently, leave for 2 
minutes, and observe any brown stain on the wire. 

(2) Use 0.5 ml. in the Prussian blue test for nitrogen. 

(3) Test 1 ml. for chloride, bromide, and iodide, 
taking the usual precautions when nitrogen has been 
found. 

(4) Examine 0.5 ml. for fluoride, either by the 
zirconium-alizarin lake test® or by the indirect sili- 
comolybdie acid-benzidine technique." 

In actual practice, the sample size adopted is ample 
for certain detection. This was confirmed by the repli- 
cate examination of one-mg. samples of the following 
compounds: aniline, benzyl-iso-thiourea hydrochlori:le, 
o-bromonitrobenzene, p-bromotoluene, p-chloronitr0- 
benzene, diphenylamine, ethyl bromide, fluorobenze ie, 


® No positives were obtained in blank runs when heating » ith 
London gas. 

7For example, Cueronis, N. D., “Micro and Semin.cro 
Methods,” Interscience Publishers, Inc., New York, 1954, pp. 
435-8. 

® Srock, J. T., AnD M. A. Fit, in press. 

® pe Bour, J. H., Chem. Weekblad, 21, 404 (1924). 

 Friat, F., P. Krumuouz, Mikrochemie (Pregl est- 
schrift), 1929, 83 
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picric acid, pyridine, pyrrole, thiamin, 1,3,5-trinitroben- 
zene, and urea nitrate. Sodium pellets weighing ap- 
proximately 5mg. were used, but the rest of the procedure 
was normal. At least four fusions (from six to ten in 
most cases) were carried out with each compound. No 
failures or false positives were encountered, although the 
list includes compounds which are explosive, very 
volatile, or otherwise reputedly difficult. 

As an extension of the unit-systems previously de- 
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veloped for the semimicro performance of organic"! 
and inorganic’? analytical operations, block-type 
assembly? has been developed. Although only 9'/, 
in. long and 2'/, in. wide, this block not only carries 
the apparatus required for sodium fusion tests but also 
that for semimicro inorganic qualitative analysis.* 


Stock ry Cuem. Epuc., 30, 296 (1953); 31, 144 
(1954). 
12 [bid., Chem. Age (London), 67, 85 (1952). 


* A THREE-YEAR PROGRAM FOR 
UNDERGRADUATE SEMINAR AND RESEARCH’ 


Unpererapvare research has been the topic of quite 
a number of papers published in THis JouRNAL and 
others. All authors consider it a highly desirable 
activity for chemistry majors in their senior year but 
differ widely in their definition of research from Smith 
(14) who sees ‘‘no essential difference between research 
of graduate and undergraduate students” to Kirk 
(9) who advocates not-original research. The latter 
in this writer’s opinion would be fostering ‘research 
attitude” rather than “research.” In spite of these 
pleas, only a limited number of colleges seem to have 
an active program of undergraduate research (2, /0, 13). 
The fact is that very few college seniors will have a 
schedule which will allow them to spend three after- 
noons per week on their research problem as recom- 
mended by Hurd (8). A reduction of this laboratory 
time to one or two periods per week has also been tried 
(7), but the chances of achieving worth-while results 
are considerably reduced and the educational value 
of this very brief acquaintance with experimental 
research is questionable. 

Mount Mercy College has tried to overcome this lack 
of time by integrating the departmental research projects 
into the chemistry seminar. The “chemistry seminar” 
is » standard offering for majors of senior standing 
in many college chemistry departments. The accepted 
pattern for this course is that of one weekly meeting 
at which the students give and discuss reviews of some 
development in modern chemistry. The change in our 
program consisted in the addition of one laboratory 
period per week in which the student participates in 


‘ Revised version of a paper presented before the Division of 
Chemical Education at the 128th Meeting of the American Chem- 
ical Society, Minneapolis, September, 1955. 

* Present address: Catholic University of Puerto Rico, Ponce, 
Puerto Rico. 


FRITZ FROMM? 
Mount Mercy College, Pittsburgh, Pennsylvania 


one of the research projects of the department, and 
the extension of compulsory seminar work to sopho- 
mores and juniors as well as to seniors. 

The additions may seem excessive but they were 
based on the writer’s earlier experiences at two other 
schools. A baccalaureate thesis in the major subject 
was required at one of them. Literature and labora- 
tory research were both acceptable but review papers 
were the rule before this writer insisted that the chem- 
ical thesis should be an experimental one. This 
request’ was justified by experiences with an optional 
one-credit course in research projects for selected 
students at the other college. These studies had been 
restricted to the elaboration of new procedures for the 
student laboratory and minor studies of herbicides. 
The work centered on the experimental approach. A 
well-kept notebook was expected rather than a formal 
final report. Nevertheless, one semester proved to 
be too short a time for worth-while work. Four papers 
were published by authors who worked an average of 
two semesters. 

At the other school the formal thesis required a 
review of literature. The students searched the 
secondary and primary sources thoroughly and com- 
piled the data faithfully, but generally showed an in- 
ability either to present the material in a logical rather 
than a chronological manner or to evaluate the facts 
critically. A more careful selection of the topie which 
fitted into the available time of the college senior and 
a restriction of the literature study to a few papers 
which introduced the student to the topic without giv- 
ing much background was unavoidable. This is 
contrary to the advice of most people who recom- 
mend undergraduate research projects, but it has 
given satisfactory results at this school. Riebsomer 
(12) seems to have had similar experiences. 
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The conclusion was that student participation in 
research needed much more time, on the part of both 
the student and the teacher, than the amount usually 
alotted to it in undergraduate work. Its extension 
over more than one year was, therefore, indicated. 
The relatively strong fluctuations in the number of 
chemistry majors per year and the desire for a conti- 
nuity of the research program were arguments in favor 
of a three- rather than a two-year program. The 
objectives of this change have been a general broadening 
of the subject matter offered to undergraduate students 
by substituting three years of seminar for some of the 
so-called advanced one-semester courses and by stimu- 
lating student interest in scientific inquiry through 
active participation in such efforts. The organiza- 
tion and results of this course are, therefore, described 
as an outline of a practical procedure without any de- 
sire to enter into the controversy of educational theory. 


PROCEDURE IN SEMINAR 


The inclusion of the sophomores in the seminar pro- 
gram created certain problems. Their brief practical 
experience in chemistry restricted the choice of labo- 
ratory assignments even more than before in under- 
graduate research. Their limited theoretical back- 
ground produced similar difficulties in the selection of 
topics for recitation periods. Discussions including 
much physical or organic chemistry are naturally in- 
comprehensible for the sophomore student who at 
this time learns to apply ionic theory to analytical 
problems and gets acquainted with quantitative pro- 
cedure. Useful topics for one year each have been 
found in the biographies of outstanding contemporary 
chemists, the study of the chemical industries in the 
Pittsburgh area, the evolution of inorganic chemistry, 
advanced inorganic chemistry, and developing a famili- 
arity with the leading primary and secondary sources of 
chemical literature. These five topics would be more 
than sufficient for a three-year cycle. The progress 
of the experimental work has, however, given an op- 
portunity to have the senior and junior students 
present one-hour reviews of experimental methods, 
theoretical background, and preliminary results of 
their work for the sophomores. Discussions of the 
research done by the students themselves have proved 
helpful to the beginners as well as to the reporting 
upperclassmen, who thus gain perspective in their 
work. Some of these reports appeared good enough 
to have them also presented at the Eastern Colleges 
Science Conference and the regional meetings of 
Student Affiliates Chapters of the American Chemical 
Society. 


PROCEDURE IN THE LABORATORY 


More problems were encountered in the implementa- 
tion of the research program. The institution’s 
liberal-arts program enforces a rather rigid schedule 
for chemistry majors, even in their senior year. Topics 
which require continuous work on two or more consecu- 
tive days were just as unacceptable as extensive litera- 
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ture searches. The sophomores and juniors also ob- 


_ viously needed special consideration for their lack of 


advanced training. 

It is generaily recognized (7, 8, 11, 14, 15) that the 
success of undergraduate research rests on the proper 
selection of a topic and organization of the approach. 
However, since relatively few colleges have initiated 
a continuous program of student participation in re- 
search projects, it is felt that the description of the 
actual mechanics of selection and organization of one 
plan might be helpful. 

In one year beginners were assigned to a study of 
the research activities in chemistry of the Pennsylvania 
colleges in the decade 1937-46. Each student had to 
find the composition of the chemistry staff of one 
large university or about half a dozen small colleges 
from the school catalogues of that period, check on the 
enrollment and the time or tenure of the teachers in 
the various handbooks, and draw up a list of publica- 
tions abstracted in Chemical Abstracts. The compila- 
tion and evaluation of the material was done with the 
help of a senior student. 

This breakdown of a general topic into small seg- 
ments has also been the guiding principle in the work 
on the relation of phytotoxicity to chemical structure. 
A simple technique of testing the activity of the com- 
pounds by the cultivation of duckweed in an aqueous 
nutrient was first developed. Then each student was 
assigned one compound for testing. She had to prepare 
the nutrient solution, as well as solutions containing 
three different concentrations of the substance under 
investigation, and adjust the pH. This was done in 
two or three afternoons; the next laboratory period 
was used for planting. The growth was measured by 
counting the plants and fronds daily. This took one- 
half to one hour each day during the next two weeks; 
during this time the student was excused from her 
regular seminar laboratory period. The series of data 
was then evaluated statistically by the same student, 
and the same compound assigned to one or two other 
students for the necessary checkup. Quicker and 
better results were obtained by assigning only two 
concentrations to one student and having three or 
four students work simultaneously on the same com- 
pound. The system of assignment was one of over- 
lapping, 7. e., the lower concentration of one series was 
given as the higher one for the next series. 

Juniors and seniors cooperated in this project by 
preparing the compounds to be tested. This task 
included the literature search for the best method of 
synthesis and was more like the German assignment 
of “Litteratur Praparat’”’ than like true research. 
However, it proved to be a valuable addition to the 
junior student’s education in literature search and or- 
ganic chemistry. Once in a while it has also grown 
into a research problem if the preparation did not 
work out as previously described. 

Beside these studies, unrelated preparative and ana- 
lytical questions were approached. Colorimetric 
methods could be adapted by first assigning only the 
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spectrogram of the dyestuff and later giving to another 
student the comprobation of Beer’s law and its range 
of validity at the maximum adsorption. A third 
student eventually investigated recovery methods and 
made comparisons with other quantitative procedures. 

A prerequisite for this slow approach is a selection of 
tests which are not in the center of a lively controversy 
so that a delay of several semesters in the completion 
of the study will not lead to previous publication by 
some outside workers. The instability of the material 
studied also presented a problem, e. g., in the extraction 
of oil of a given species and the determination of its 
constants. The slowness of progress by one and the 
same student rendered the determination of the iodine 
value, ete., impractical. Hence, the work was distrib- 
uted to a group of five students working together on 
the same oil; four of them are trained in the micro- 
determination of one constant each, while a fifth one 
extracts the oil and determines its physical constants 
once her four companions are ready to do the deter- 
minations simultaneously. 

Most of the students were allowed to choose one of 
several topics at the beginning of the junior year. 
They had another opportunity to change their field of 
research in the senior year. Those who continued 
with the same topic for two years have produced more 
and better results. There is now a tendency among 
seniors and juniors to continue with the: problem with 
which they have started; nevertheless, a change of 
topic at least once in the three years has been recom- 
mended to all students to give them experience in 
several fields of work. Again, this is contrary to the 
advice of most people who describe research projects, 
but it has given satisfactory results at this schooi. 

The work of the individual student on each project 
includes maintaining a carefully kept notebook, but 
no formal thesis is written. It might be argued that a 
thesis would be a most desirable training in technical 
writing, but it was found that such training is better 
done through the one or two term papers required each 
semester in the seminar hour. The production of a 
complete and accurate laboratory report is, moreover, 
another discipline in which the student cannot receive 
too much schooling beyond the routine of the organic 
laboratory. 

Some comment about the teacher’s position in these 
projects may also be in order. There is no need to 
repeat the unanimous statements of other writers 
about his qualifications and interests. About his co- 
operation Hurd (8) has written: ‘‘Smith’s. . .statement 
that time must be given ‘unstintingly’ is moderate.”’ 
At Mount Mercy College the teacher’s seminar work 
amounted on the average to from two to three times 
as much as the teaching of the regular chemistry courses 
with their laboratories. Though the students rarely 


volunteer to work more than the assigned time, one 
or two are in the laboratory at practically any moment 
of the day and their adviser has to be on call as long 
as he is in the chemistry building. 

The student gets one-half credit for her seminar work 
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This is quite out of proportion to the 
Credit for 


per semester. 
amount of work done by the individual. 
the research work is, therefore, given separately but 
only after completion of the research. Present regu- 
lations are that three credits will be given after three- 
years participation in the projects of the department. 
Additional recognition is given to the co-worker upon 


publication of the results. Naturally, a list of from 
six to twelve names cannot be mentioned in the title 
as co-workers, but all editors have eventually, though 
sometimes reluctantly, agreed that a list of all cooperat- 
ing students at the end of the article is indispensable 
for the successful continuation of our program. 


RESULTS 

These experiences are described here only as an 
indication of what can be done with undergraduate 
students in research and how this work may be organ- 
ized. Many other approache: are possible and may 
be more advantageous. The results of our program 
are these: 35 students have participated from one to 
three years in departmental projects in the eight years 
of its existence. Their work has formed part of six 
publications (1-6). It is believed that these graduates 
have correspondingly received a better preparation, 
specifically a broader background of chemical educa- 
tion and a greater versatility in using it. This may 
be a premature conclusion. The program has also 
helped to attract superior students to chemistry more 
than to other sciences and to screen out less qualified 
sophomores. In total, there has been a gain in the 
number and quality of those enrolling in chemistry. 

The important point is, however, what the program 
has done for the student. The most obvious advantage 
in the opinion of the participants themselves has been 
their better employment opportunities. Future em- 
ployers seem to regard highly the experience gained in 
instrumentation and the fact that a student has co- 
operated in a departmental project. More important 
is a growing “‘research-mindedness” which includes 
the student body as a whole as well as the adminis- 
tration. This definitely has induced more chemistry 
majors to consider continuing into graduate work. 
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* A TABULATION 


Tue magnitude of the cancer problem has been vis- 
ualized in the statement of S. J. Culter, analytical 
statistician of the National Cancer Institute, that 
fifty million people alive in 1950 can expect to develop 
cancer during their remaining lifetime, and that one- 
third of all newborn children are expected to have 
cancer during their lives. 

The biochemist has been late in entering the fight 
against cancer. Surgery and radiation therapy are 
the accepted treatments for cancer in the early stages. 
Chemotherapy is reserved for the management of far 
advanced stages of inoperable neoplasms. No single 
type of human cancer has yet been cured by chemical 
therapy, but thousands of hopeless victims have had 
the ravages of the disease stayed for months and even 
years by chemotherapy and many have been able to 
return to their normal way of living. Chemotherapy 
is the brightest star in the dark night of our ignorance 
of the habits of the dread killer. 

This paper is based on more than 850 articles in the 
current medical literature on the chemical treatment 
of human cancer.? These references were limited to 
reports in which patients showed subjective or objec- 
tive clinical and laboratory evidence of improvement. 
Articles dealing with techniques of administration, 
mechanisms of the action of the anticancer agents, and 
similar theoretical material. were not included. The 
study lists the chemicals most frequently reported since 


1 Presented at the Southeastern Regional Meeting of the Amer- 
ican Chemical Society, Columbia, South Carolina, November 
3-5, 1955. 

2Sampey, J. R., Am. J. Pharm., 127, 172 (1955); ibid., in 
press. 


TABLE 1 
Chemicals Most Frequently Used in Treatment of Human 
ncer 
Num- Num- 
ber ber 
of of 
re- re- 
Chemicals ports Chemicals ports 
Estrogens 120 Au! 42 
Androgens 88 [131 37 
Nitrogen mustards 78 pas 33 
TEM (triethylene mel- Urethan 32 
amine) 69 6-Mercaptopurine 28 
ACTH (adrenocortico- Amethopterin 22 
tropic hormone) ? 63 Co 17 
Cortisone 63 Antibiotics 13 
Aminopterin 59 
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1949 and the types of human neoplasms which have 
responded to this most promising of all attacks upon 
the cancer problem. 


CLASSES OF CHEMICALS MOST FREQUENTLY AD. 
MINISTERED 

Hormones. Hormones account for 44 per cent of the 
850 studies on the chemical treatment of human cancer. 
This is striking evidence in support of those biochemists 
who maintain that when the cancer problem is finally 
resolved hormones will be found at the center. Sex 
hormone studies totaled 200, with estrogens contribut- 
ing 120 and androgens 88. Stilbestrol, diethylstilbes- 
trol, estradiol, progesterone, and TACE (chlorotriani- 
sene) were the estrogens most frequently employed, 
while testosterone dominated the androgens. Other 
hormones which have attracted a number of investiga- 
tors for their anticancer activity include ACTH 
(adrenocorticotropic hormone), cortisone, adrenaline, 
and hormones of the pituitary. 

Radioactive Isotopes. Radioactive isotopes were the 
subject of 154 investigations, with P%?, and 
Co® producing the most favorable results. 

Folic Acid Antagonists. The folic acid antagonists, 
aminopterin and amethopterin, accounted for almost 
100 clinical investigations on retarding the growth of 
human malignancies. 

The 15 most frequently investigated chemicals in 
the management of human neoplasms are listed in 
Table 1. 

It is interesting to note that two-fifths of these 
chemicals which are employed most frequently to treat 
human cancer are not among the 27 most often used 
carcinostatic agents in animal experiments. A survey’ 
of 800 current articles on the inhibition of neoplasms 
in animals gave the following results: cortisone 63 
articles, viruses (41), asaguanine (33), amethop- 
terin (33), aminopterin (32), nitrogen mustards (32), 
diet (26), hydrocarbons (22), TEM (21), colchi- 
cine (19), spleen (18), estrogens (18), adrenals (18), 
tumor extracts (18), ethylenimines (15), amino acids 
(15), vitamins (14), bacteria (14), urethan (14), 
hypophysis (13), phosphoramides (13), pyrimidines 
(12), tissue extracts (12), Au™ (11), enzymes (11), 
podophyllin (11), and testosterone (11). It will be 
seen that ACTH, I'*!, P*, 6-mercaptopurine, Co™, 


and antibiotics appear only in the list of chemicals 


3 Sampey, J. R., Furman Studies, N.S., 2, No. 3, 1 (1955). 
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employed against human neoplasms. On the other 
hand it is obvious that some cancericidal agents in 
animals need a more extensive clinical trial. 


TYPES OF CANCER RESPONDING TO CHEMICAL 
TREATMENT 


Liukemia and Allied Diseases. The treatment of 
leukemia and allied diseases has produced the largest 
number of clinical studies. Acute, myeloid, and lym- 
phatie leukemias account for 165 current reports. 
This is augmented by 89 articles on Hodgkin’s disease 
and 78 on the lymphomas. Encouraging results in 
the management of acute leukemia have been described 
in studies with 6-mercaptopurine, folic acid antagonists, 
ACTH, antibiotics, and cortisone. TEM, nitrogen 
mustards, antibiotics, and urethan have been the most 
frequently employed chemicals in the treatment of 
lymphatic leukemia, while myeloid leukemia has 
responded to TEM, radioisotopes, urethan, and folic 
acid antagonists. The palliative treatment of Hodg- 
kin’s disease shows a similar picture with TEM, mus- 
tards, cortisone, ACTH, and isotopes being used most 
frequently. Lymphomas have responded best to 
TEM, mustards, antibiotics, and radioisotopes. 

Breast Cancer. Deaths from cancer of the breast 
exceed those from all other types of malignant growths. 
The current clinical treatment of advanced mammary 
cancer is found in 117 reports. Studies‘on androgens 
and estrogens account for more than 100 of these. 

Cancer of the Prostate. It has been estimated that 
eight million men in the United States have prostatic 
carcinoma. Estrogens constitute the principle chemi- 
cals in the palliative treatment, with androgens and 
isotopes totaling some 15 papers. 

Thyroid Neoplasms. I'*' therapy for cancer of the 
thyroid has been the subject of 31 current reports. 

Other Human Neoplasms. Other human cancers 
which have responded well to chemical treatment 
include: lung (21 reports), polycythema (19), skin 
(14), multiple myeloma (13), bladder (12), neoplastic 
effusions (11), cervix (8), and gastro-intestinal (4). 
Nitrogen mustards and TEM have been the most 
frequently reported agents in bronchiogenic neoplasms. 
Radioactive isotopes have proved effective in cancer of 
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Multiple 


the bladder, cervix, and malignant effusions. 
myeloma has responded to urethan therapy, skin can- 
cers to podophyllin, and gastro-intestinal cancer to 
antibiotics. 

Table 2 summarizes the types of human neoplasms 
which have responded to chemical treatment. 


TABLE 2 
Chemical Treatment of Human Cancer 
Number 
Type of of 
neoplasm Treatment reports 

Ascites Radioisotopes 4 
Bladder Radioisotopes 12 
Breast Androgens 60 
Estrogens 45 
Antibiotics 6 
Radioisotopes 6 
Cervix Radioisotopes 4 
Estrogens 4 
Effusions Radioisotopes 11 
Gastro-intestinal Antibiotics 4 
Hodgkin’s disease Nitrogen mustard 31 
TEM (triethylene melamine ) 31 

ACTH (adrenocorticotropic hor- 
mone) 9 
Radioisotopes 6 
Cortisone 12 
Leukemia, acute 6-MP (6-mercaptopurine ) 22 
Folic acids 20 
Cortisone 10 
Antibiotics 11 
CTH 15 
Leukemia, lymphatic Urethan 4 
TEM 19 
Antibiotics 11 
Mustards 12 
Leukemia, myeloid TEM 17 
Radioisotopes 11 
Folic acids 6 
Urethan 7 
Lung TEM 5 
Mustards 16 
Lymphomas TEM 29 
Mustards 22 
Antibiotics 14 
Radioisotopes 13 
Multiple myeloma Urethan 13 
Ovary Radioisotopes 5 
Polythema TEM 11 
p32 
Prostate Estrogens 55 
Radioisotopes 7 
Androgens 8 
Skin Podophyllin 14 
Thyroid Radioisotopes 31 


Chem-Gems, Again 


SEVERAL of our correspondents have asked if this series of ‘contributions’’ should not be entitled, 


“Pearls to be cast... .”’ 


We acknowledge the time-honored status of this activity, but dislike 


the implications, especially from the audience’s point of view. 
J. P. Puriurps of the University of Louisville sees the mingling of the folklore of the chemistry 
classroom with the influence of homework-done-by-TV in the following assignments of “‘trivial’’ 


names: 
HIOAg 
Ba- Naz 


Fe 
Fe/ ' \Fe 
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Heigh-o, Silver 
Banana split 
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Fe. 


i 
Fe” 


The famous chelate, probably first established in the 
nineteenth century: ferrous wheel 
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Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


THE SUMMER CONFERENCES’ 


Av vue heart of the summer conferences on the teach- 
ing of chemistry are the discussion sections of eight or 
ten people. At these sessions, which have been spon- 
sored every summer since 1950 by the Division of 
Chemical Education of the A. C. S., a comparatively 
small number of teachers of chemistry meet often 
enough, and long enough, to get to know each other 
well. When men first meet, the role they play is 
dignified, smooth, and superficial. No difficulties are 
admitted with respect to content, there are no qualms 
about what to teach, and the method of teaching is 
precise. After meeting for x hours face to face with 
each other in a comparatively small room, after sharing 
the same table for lunch, dinner, and even breakfast, 
and after exchanging confidences with a roommate far 
on into the night, the role is changed suddenly and 
dramatically. Questions concerning content, choice of 
content, and method are freely introduced and freely 
discussed. The importance of the discussion group 
will be related to each of these three. 

There can be no doubt that some men, experts in a 
given field of chemistry, know more about that field 
than other chemists. These men are worth listening 
to. The most efficient way to listen to them is in a 
lecture. Hence lectures are given at the summer con- 
ferences. But communication of thought, especially 
the abstruse thoughts of chemistry is never complete 
when the traffic is all one way. The listener needs to 
work over the ideas himself in order to give them 
meaning, and he needs an opportunity to check this 
meaning with others. 

There is another reason for the discussion group in 
relation to the learning of new content. When he is re- 
lating material that is well authenticated, Professor X 
is on safe ground, and he will probably be accepted by 
even the most critical of his listeners. But when he 
approaches more closely the frontier of his science and 
speaks of matters over which there is still that con- 
troversy so essential to the development of fruitful 
scientific concepts, the unchallenged monologue does 
not satisfy all of our requirements. 


1 Presented before the joint meeting of the Northern and 
Southern Sections of the Pacific Southwest Association of Chem- 
istry Teachers at Fresno State College, Fresno, California, 
February 18, 1956. 


T. BENTLEY EDWARDS 
University of California, Berkeley, California 


Not all of the facts and theories of chemistry are 
equally teachable to all students. One man can 
searcely tell another how to choose the best subject 
matter content of chemistry. Here again, teachers 
should get together and talk things over. To some 
extent, there must be a common scope and sequence, 
but groups meeting to decide on minimum essentials do 
not reach agreement easily. 

From a restricted point of view we might say that 
because teaching and learning are essentially a private 
piece of business, choice of subject-matter should re- 
main with the two individuals concerned, namely the 
teacher and the learner. A more inclusive point of 
view leads to the recognition that because a teacher 
must usually teach a number of students more or less 
simultaneously, because of the need for instructional 
materials, and because of student mobility from teacher 
to teacher and even from institution to institution, at 
least a fairly broad agreement is desirable. 

The best instruction in chemistry demands first that 
the instructor knows some chemistry, second that he is 
able to choose wisely from what he knows, and third 
that he does a good job of teaching this selected con- 
tent. According to some, improvement in native 
teaching ability, aside from instruction in content, is 
not possible. To them, teaching is an art, a highly 
personal art, and skill in this art is not communicable. 
According to others, the art of teaching is all. Ii is 
completely communicable and the teacher of anything 
needs only to learn to teach. 

Actually, a good chemistry teacher must not oily 
know chemistry, he must know other things too. He 
needs a solid grounding in physics and at least a nod- 
ding acquaintance with geology, and perhaps with other 
physical sciences. He should have a thorough knowl- 
edge of the process or method or philosophy of science. 
He must have facility with language, since language is 
used to communicate the abstract concepts of chem- 
istry and he must have facility with the necessary 
mathematics. All of this knowledge requires fairly 
constant revision, revision that demands opportunity 
for serious conversation with a number of broadly 
cultivated people. 

From the point of view of chemistry teaching as a0 
art, the artistic devices that can be shared when 4 
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group of chemists discuss creative teaching is a joy 
well known to those who have participated in a summer 
conference. But the art has an empirical base. The 
plight of those who have been unable to keep abreast 
of the findings of sociologists and psychologists in re- 
cent years is understandable. Chemists are busy 
people, and the findings of psychologists and sociolo- 
gists pertinent to the teaching of chemistry, the pay 
dirt so to speak, is covered with a heavy layer of over- 
burden. In a small group session, one who has the 
pertinent findings at his fingertips can perhaps share 
them with others. At least he has a better chance 
than the one lecturing to a large group who may sense 
somewhat helplessly a rejection of his material. In 
the small group, those who have already developed a 
sympathetic attitude toward the findings are provided 
with an opportunity of using their supporting prestige. 
A conative approach is needed with those who, while 
upholding the application of a philosophy of logical 
positivism in their laboratories, are understandably 
reluctant to permit the uncertainties of this approach 
to be carried over into anything so close to their private 
lives as their teaching. At any rate, the present state 
of knowledge concerning the psychology of learning 
is such that even one who specializes in it must sug- 
gest rather than insist. 

On all three counts, the small group session provides 
the heart of the summer conference on chemistry 
teaching. 

Since the days of the first three conferences held at 
Stillwater in the summers of 1950-52, the idea of a 
conference, not only for professors, but also for sec- 
ondary school teachers of chemistry has taken hold.? 
The impressive length of the list of proposals for the 
summer of 1956 published in TH1s JouRNAL' is evidence 


A number of members have suggested that the Pa- 
cific Southwest Association of Chemistry Teachers 
sponsor a summer institute; plans have been made for 
a modest workshop this summer at Big Sur State Park. 

To put on a successful conference, you need a man 
who can set the stage so that the meeting, greeting, 
eating, and sleeping take place with a minimum of 
confusion. Second, you need a few speakers who not 
only know what is going on in the forefront of our 
science, but how to get their ideas across. Third, you 
need someone, like the incomparable Hubert Alyea, 
who can really show us how to carry out some as- 
pect of chemistry teaching, in his case, the demon- 
stration. But most of all you need to get the teachers 
of chemistry together in groups small enough for an 
abundant discussion. 

At Stillwater we used to start most of the days with 
a really good speaker. We would then break up into 
small groups and meet again for an hour or two; then 
films, inspection of exhibits, field trips, recreation, 
and so on until dinner. Evenings were varied: some- 
times a speaker, perhaps recreation, reading, or prepa- 
ration of reports. Often we had meetings to discuss 
more or less isolated problems. One such meeting 
that was particularly impressive was the place of re- 
ligion in the teaching of chemistry. 

Most of all, these conferences should be designed to 
give the tired teacher a lift, a feeling that others share 
his burden. 


Newly-elected State Officers of PSACT 


Roy Newsom 
Whittier College 


President: 


for this. To Otto M. Smith, the guiding genius in the Whittier, California 
first days of the chemistry workshops, all of this must Treasurer: Mel Gorman 
seem like a dream come true. University of San Francisco 
San Francisco, California 
2? W. E., anp O. M. J. Cuem. Epuc., 32, Secretary: Dorothy Craig 
262 (1955). Marlborough School 
J. Epuc., 33, 180 (1956). Los Angeles, California 
A Question 
How can a high-school student detect in himself the qualifications for a technical career? 
An Answer 


Those qualities that make for an engineering or scientific career are also those that make for a 
successful career in any field. Of all the general qualities, I believe creativeness and individ- 
In a specific sense, the high-school student might detect qualities 
that would lead him into engineering or the sciences if he would honestly ask himself such 


uality are to be most sought. 


questions as the following: 


(1) Do TI have a native curiosity about my natural environment and man’s control over it? 
(2) Do TI think in terms of measurements or numbers? 


Do I like logic and argument? 


(3) Am I challenged by a problem? For example, will I spend what might seem to be useless 
time on solving brain teasers? Do I like games, particularly those that require some analysis? 
(4) Do I have an imagination? Is my mind one that has the capacity to dream of what 


the future might hold? 


These are difficult for even mature people to answer, but they represent the key element in 


engineering or scientific training. 


—Joun C. Catuoun, Jr., Dean of Engineering, Agricultural and Mechanical College of Texas, 
as quoted by Magnolia News 


How well do I do in mathematics? 


| | 
— 
| 
353 
| 
= 
: 
2 


e DEMONSTRATION OF DYNAMIC NATURE OF 


IONS USING I" 


Tue dynamic nature of ions in solution is particularly 
difficult for high-school chemistry students to compre- 
hend. For this reason a demonstration was developed 
to present visual evidence of the ionic nature of solid 
salts and the dynamic equilibrium existing between dis- 
solved and undissolved ions. 

The type of fundamental reaction chosen for this 
demonstration may be illustrated by: 

AgI#27 4+ (['81)- 4 ([127)- 

(solid) (solution) (solid) (solution) 
This reaction was chosen because I'*! is readily avail- 
able! to any secondary-school teacher in 10 microcurie 
quantities and because AgI is considered “insoluble,” 
having a solubility constant of 1.0 xX 10-'. Appar- 
ently this reaction has not previously been used for this 
purpose. 

However, in 1939, Polenssitsky? studied exchange 
rates of radio bromide ion with AgBr and radio iodide 
ion with AgI in aqueous solution at room temperature. 
Apparently, this exchange is dependent upon the fresh- 
ness of the solid silver halide. 


DEMONSTRATION 


The following tested procedure is recommended for 
secondary schools and should give good results in the 
time allotted to the usual laboratory period. 

Ten microcuries of NaI'*' solution were diluted to 30 
ml. and divided evenly among three small test tubes. 
The original solution contained 10 microcuries in 10 ce. 


1 Abbott Laboratories, Oak Ridge Division, Oak Ridge, Ten- 
nessee. 

Bio-Rad Laboratories, Radiochemicals Division, 800 Delaware 
Street, Berkeley, California. 

Nuclear Consultants, Inc., 3361 Crescent Street, Long Island 
City, New York. 

Isotopes Specialties Company, 3816 San Fernando Road, 
Glendale, California. 

The author has found the local hospitals (Boston, Massachu- 
setts, and Bridgeport, Connecticut) to be the most convenient 
source of 

? PoLENssitsky, A., Compt. rend. acad. sci. U. R. S. S., 24, 540 
(1939). 


354 


RICHARD F. BLAKE 
Stratford High School, Stratford, Connecticut 


of carrier-free 5.2 10~7 M sodium iodide solution. The 
amounts in the test tubes were checked with a radiation 
counter to make certain that they radiated equal 
counts and that the count was convenient for the 
capacity of the counter used. The counter was Marrion 
Instrument Company Model GM 9 calibrated against 
radium in milliroentgen/hour. Test tube No. 1 was 
used as a control and was also used to demonstrate the 
half life of I'*'. To test tubes No. 2 and No. 3, 200 mg. 
of freshly prepared AgI'” was added. Test tube No. 2 
was shaken thoroughly between each reading and No. 3 
was handled carefully to prevent agitation to show the 
difference in the rate of ion exchange caused by mixing. 

Readings were taken at the bottom, center, and top 
of each test tube every 15 minutes for a two-hour 
period. Readings were most selective when a shielding 
device was made which allowed a section of the test 
tube to be counted. The author used sheet lead '/; inch 
thick, rolled to surround the test tube, and cut a l-cm. 
X 3-cm. window into the side. The background read- 
ing was taken and subtracted from all successive read- 
ings. The test tubes, shielding device, and Geiger 
Meuller tube were always in exactly the same position 
whenever a reading was made. After the initial readings 
test tube No. 2 was shaken vigorously for five minutes 
and the AgI allowed to settle while the other test tubes 
were being read. This procedure was followed exch 
time so that the time interval between the readings op 
all test tubes were constant. The readings on test tube 
No. 1 decreased exponentially according to the 8- ay 
half-life of I'*'. In test tubes No. 2 and No. 3 the count 
at the bottom rose as the (I'*!)— exchanged with Ag! in 
crystal form and the readings at the center and to} of 
the tubes decreased as the (I'*')- was removed fiom 
the solution. 

Typical readings for test tubes No. 2 or No. 3 are 
shown in the figure. The author found that evidence of 
ion exchange was cleariy shown within two hours. 
Furthermore, the tube that was shaken regularly ex- 
changed about twice as rapidly as the tube that was ot 
disturbed. 
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At the conclusion of this demonstration, the NaI solu- 
tion was decanted. It was found that practically all the 
radioactivity was present in the solid AgI and prac- 
tically none was in the solution. 

The solid AgI from this first part of the demonstra- 
tion consists of AgI'*! with a large amount of carrier. 
This was carefully washed and covered with 20 ml. of 
0.5 M Nal!” solution. Readings were taken at the 
bottom, center, and top of the test tube as before and 
repeated hourly. The bottom readings gradually 
diminished and the upper readings increased slightly 
showing that some of the (I'*!)— from the solid AgI 
had exchanged and become part of the solution. This 
exchange was very much slower than previously, partly 
because the AgI had aged and partly because of the 
nearly comparable quantities of I- in the solid and in 
the solution. 


STUDENT REACTION 


This demonstration was carried out before four chem- 
istry sections at the Stratford High School. How much 
it increased their understanding of the ionic nature of 
crystals is difficult to evaluate, but the interest that 
they showed is hard to exaggerate. Their thoughtful 
questions were legion and their visits to the laboratory 
before and after school to check on the progress were 
numerous. 


ACKNOWLEDGMENT 
The development of this demonstration was greatly 
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aided by the advice and cooperation of Rev. Gerald 
Hutchinson, 8.J., Prof. John Irvine, Dr. Gordan 
Brownell, and J. A. Wiecksel. 


e CHEMISTRY AND HUMAN HEALTH 


B. S. Walker, Professor of Biochemistry, J. Asimov, Associate 
Professor of Biochemistry, both at Boston University School of 
Medicine, and M. K. Nicholas, Instructor in Chemistry and 
Pharmacology, Medical Center, Jersey City Hospital School of 
Nursing. The Blakiston Division, McGraw-Hill Book Co., Inc., 
New York, 1956. ix + 445 pp. 11 figs. 45 tables. 16 X 
23.5cm. $5.75. 


Tue purpose of this book is best stated by the first two sen- 
tences of the preface. ‘This book has been planned to deal with 
those portions of the science of chemistry which are of particular 
importance in those professions and occupations which work to 
maintain health and relieve disease. The design is such that 
some knowledge of the pertinent fields is gained even though the 
student’s formal study of chemistry is limited to a single course.’’ 
This book is designed for the student who has no previous knowl- 
edge of chemistry and takes the student through such complicated 
topics as oxidative metabolism. 

_ Comparison of this book with other texts in the field of chem- 
istry for nurses shows that the authors have decreased the em- 


phasis on inorganic and organic chemistry but have increased the 
treatment of biochemistry. 

The sections on inorganic and organic chemistry include essen- 
tially the same topics as other comparable texts; however, the 
treatment of each topic is much less extensive in most cases. 
The condensation of these sections results in a very terse presen- 
tation of material containing few illustrations to aid the student 
in grasping the meaning of the subject matter. 

The biochemistry section is considerably longer and more de- 
tailed than is present in other comparable texts. This section is 
well written and up to date in its content but the reviewer feels 
that it is inconsistent with the short treatment given the basic 
chemistry subjects. 

The reviewer found few mistakes and feels that the book is 
reasonably well written. 

’ If the student is able to comprehend the complex biochemistry 
section after such a brief treatment of inorganic and organic 
chemistry, the book should be a valuable text. 


JAMES R. FISHER 
Fioriva State UNIVERSITY 
TALLAHASSEE, FLORIDA 
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BOLTZMANN'S DISTRIBUTION LAW 


E. A. Guggenheim, Professor of Chemistry, University of Read- 
ing. Interscience Publishers, Inc., New York, 1955. 6l pp. 4 
figs. 12.5 X18.5cm. $1.50. 


TuE contents of this book can best be described by listing the 
chapter headings. These are: Elements of Quantum Theory; 
Temperature and Partition Functions; Separable, Unexcited and 
Classical Degrees of Freedom; Harmonic Oscillator; Ideal 
Monatomic Gas; Free Energy and Total Energy; Equilibrium; 
Equipartition of Kinetic Energy; Simple Crystal; Ideal Diatomic 
Gas; Dielectric Constant of a Gas; Chemical Equilibrium; 
Fermi-Dirac ‘and Bose-Einstein Distributions. 

All of this material is presented and discussed within 61 small 
pages. This is unusual in that most authors would use ten 
times as much space in writing a book over the same material. 
As a result of this, all of the equations can not be adequately 
derived or explained in any detail. However, considering that 
the author wished to maintain a maximum brevity, he has 
succeeded very well. 

The book is well written and can be highly recommended to 
graduate students in chemistry. Chapter 10 which deals with 
phase equilibrium seems to me to be out of place. However, 
perhaps the author wished to show how to develop the Clapeyron 
equation without using the concept of entropy. As far as the 
reviewer was able to ascertain, the word “entropy’’ was never 
used in this book. This is unfortunate since it is also a very 
interesting and useful function. 


J. R. LACHER 
UNIVERSITY OF COLORADO 
Bovu.pEr, CoLorapo 


* PRINCIPLES AND PROBLEMS IN ENERGETICS 


J. N. Brénsted, Late Professor of Physical Chemistry, University 
of Copenhagen. Translated by R. P. Bell, Balliol College, 
Oxford University. Interscience Publishers, Inc., New York, 
1955. vii+119pp. Figs. 15.5 X 23.5cm. $3.50. 


I ANTICIPATED with great pleasure studying this book for re- 
view because I expected to understand Brénsted’s ideas on ener- 
getics from his own words. I am disappointed because I think I 
do not understand them after careful study. If I do understand, 
I am still disappointed. 

The book consists of three approximately equal parts. Some 
of my difficulty is that the first third, which is an attack on “‘clas- 
sical thermodynamics” as irrational, is mixed with the second 
third, which is a presentation of Brénstedian energetics. Most 
American chemists associate “classical thermodynamics” with 
Gibbs, or Lewis, or both. Their thermodynamics deals almost 
entirely with functions of the state of a system and uses processes, 
heat and work mostly in simple cases, to measure functions such 
asenergy andentropy. The attack is not upon them, but is upon 
the classical physical concepts of heat and work and upon the 
ideas of Carathéodory and Born. 

To rationalize this subject Brénsted invents new variables, 
which he calls work and heat. They are not functions of the 
state of the system and are not made to appear more necessary 
or useful to Gibbsian thermodynamics than the variables which 
are classically given these names. He places great emphasis on 
processes. Another of my difficulties comes from the use of work, 
heat, and several other terms in a special Brénstedian sense. I 
understand however that the functions of the state of a system 
have their customary definitions. 

Energy does not appear except casually until Chapter VI. If 
Brénstedian energy is discussed at all it is in the second paragraph: 
The last half of this paragraph says that energy elements which 
do not represent work or heat do not obey the relations necessary 
for the very existence of the energy concept, but are included in 
the class of true energy elements for formal reasons. I can find 
no clue as to what are the elements, the relations, or the formal 
reasons. 


JOURNAL OF CHEMICAL EDUCATION 


The last third of the book, which deals with stationary states 
in flow processes, is happily free from polemic. The transition 


‘ from energetics is a little easier than from Gibbsian thermodynam- 


ics because of the previous stress on processes, and is made a little 
too easy by omitting discussion of the assumptions that the poten- 
tials exist in systems not in equilibrium. This treatment also 
suffers in comparison with other recent ones in not using the On- 
sager reciprocal relations. 

In the foreword, La Mer claims a didactic advantage in intro- 
ducing reversible processes before irreversible processes. There 
is certainly a didactic loss in denying much that the student 
has already learned. The balance depends greatly upon the 
enthusiasm of the teacher, and also upon the backgrounds of the 
class. Students who have grown up since the first atom bomb 
are not strangers to energy. It seems to me that the psychologi- 
cal “entropy barrier” is less formidable than it used to be. The 
Gibbs-Lewis method may be likened to a quantum tunneling 
from where the students hit the barrier to the region of functions 
of state, where they learn by doing. Brénsted seems to insist 
that they go back to the origin, throw away any helps from atomic 
or quantum theory, and climb by new and rugged paths over the 
highest peak of rationalism. A briefer comparison might be 
with the Berlitz and the grammatical approaches to language 
study. 


GEORGE SCATCHARD 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


s INSTRUMENTS FOR MEASUREMENT AND 
CONTROL 


Werner G. Holzbock, Development Engineer, Askaria Regulator 
Company. Reinhold Publishing Corp., New York, 1955. vi + 
371 pp. 217 figs. 15.5 X 23cm. $10. 


HERE is a nonmathematical description of various types of 
instruments commonly used for measurement, recording, or 
control of process variables at remote locations. The variables 
discussed are temperature, humidity and moisture, pressure, 
flow, liquid level, density, viscosity, speed, and analysis by 
various methods. The mechanics of various types of controllers 
are discussed, as automatic controller action; electric controllers; 
self-operated, pneumatic, and hydraulic controllers; time function 
controllers; and final control elements. A brief final chapter 
discusses trends in instrumentation and looks into the future on 
automation. A glossary defines terms commonly used in instru- 
mentation. 

Probably the outstanding feature of the book is the wealth 
of schematic diagrams of the mechanisms of various classes of 
instruments. There are a few pictures of the instruments them- 
selves that tell nothing, but the diagrammatic and hook-up 
sketches show much. The author has presented adequately a 
description of the method of operation and the type of control 
that can be achieved with the instrument. 


KENNETH A. KOBE 
University or Texas 
Austin, TExas 


e CLINICAL BIOCHEMISTRY 


Abraham Cantarow, Professor of Biochemistry, Jefferson Medi- 
cal College, and Max Trumper, formerly Lecturer in Clini 
Biochemistry and Basic Science Coordinator, Naval Medical 
School, National Naval Medical Center, Bethesda, Maryland. 
Fifth edition. W. B. Saunders Co., Philadelphia, 1955. xxxi + 
738 pp. 54figs. 44tables. 16 X 24cm. $9. 


Since this book, now in its fifth edition, first appeared in | 932 
it has become well established as an important helper to the prac- 
ticing physician as well as the clinical chemist who wishes to cor- 
relate biochemical data with diagnostic and prognostic problems 
in medicine. 
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Rupid advances in the field of clinical chemistry made it neces- 
sary to rewrite the book in its entirety. Much new material has 
been added, including whole chapters on Nucleic Acid Metabo- 
lism, Hemoglobin and Porphyrin Metabolism, and a discussion of 
Biochemical Aspects of Diet. A few subjects forming separate 
chapters in earlier editions were skillfully integrated; the sep- 
arate chapter on diabetes, for example, now forms a part of the 
discussion of Carbohydrate Metabolism. All together there are 
now 23 chapters, varying in length from two pages (Sulfur Metab- 
olisin) to 79 pages (Carbohydrate Metabolism). 

It is hardly possible, of course, to cover all aspects of clinical 
biochemistry equally well and exhaustively in 738 pages. On the 
whole, the authors have made their selections carefully and have 
avoided material which has no relevance to the diagnosis or man- 
agement of clinical disorders. The individual reader will often 
miss details on subjects of particular interest to him; those work- 
ing with newer methods of protein fractionation, for example, 
would probably like to see a few pages dealing with the interpreta- 
tion of abnormal electrophoretic patterns. However, it is easy 
to see how suggestions of this type might necessitate consider- 
able extra space. Errors and discrepancies are very difficult to 
avoid in a book of this type and this reviewer was pleased to see 
that they are not numerous enough to become annoying. It is 
justified, I believe, to point out that discrepancies between the 
normal values for sodium and potassium in serum (132-144 meq. /1. 
and 3.6—4.8 meq./1., respectively, on page 277 and 132-152 meq. /I. 
and 3.6-5.3 meq. /i. on the inside back cover) in text and summary 
tables should be eliminated. These discrepancies existed already 
in the fourth edition, but with different numerical values in each 
case. 

Apart from such minor blemishes, one can only congratulate 
the authors for a job well done. The book is indispensable to all 
those interested in the interpretation of clinical chemistry data. 


OTTO SCHALES 
Atton OcusneER Mepicat FounDATION 
New OrveaAns, LOUISIANA 


. AN INTRODUCTION TO PAPER ELECTROPHORESIS 
AND RELATED METHODS 


Michael Lederer, Institut du Radium, Paris. Elsevier Publishing 
Company, Houston, 1955. xii + 206 pp. 70 figs. 15 x 23 
em. $7.75. 


Even in this day of intensive, systematic, scientific research, 
simple basic methods for the separation of mixtures of chemical 
substances are usually discovered slowly and by chance. But 
once described, these new and useful methods are applied rapidly 
in various fields. An outstanding example of this phenomenon 
is the belated discovery of paper electrophoresis and the sub- 
sequent rapid utilization of this novel, useful technique. 

From the standpoint of logic, paper electrophoresis, which is 
also known as paper electrochromatography and ionography, 
might have evolved a priori from columnar electrochromatog- 
raphy, from differential electrical migration in gels as in the 
moving boundary methods, or from the extensive use of selective 
sorption in paper as in paper chromatography. But, in spite of 
all this antecedent experience, paper electrophoresis was not 
recognized as a unique method until about 1948. Since then, 
this new differential electrical migration technique has been 
modified in many ways, and it has been adapted to the investiga- 
tion of hundreds of different kinds of electrically charged or 
ionized substances and to many kinds of uncharged substances 
that are converted into charged complexes in solution. 

Paper electrophoresis resolves the mixtures of charged sub- 
stances into a series of zones that must be located and investi- 
gated by suitable nuclear, chemical, physical, or biological tests. 
Many of these critical testing techniques had been brought to a 
high degree of refinement in connection with earlier studies of 
columner electrochromatography, columnar chromatography, 
and especially paper chromatography. 

Described at first in short articles, paper electrophoresis has 
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now become the subject of several reviews and monographs. 
One monograph, “Ionography’’ by McDonald and collaborators, 
is devoted to the physical properties of the migration systems and 
to various applications in highly specialized fields. Another 
monograph, ‘Practical Paper Electrophoresis,’’ in Japanese, by 
Mori and Kobayashi, covers procedures and applications. The 
third monograph by Lederer includes examples of techniques 
(7 chapters), selected applications to various kinds of organic and 
inorganic substances (11 chapters), and properties and related 
techniques (5 chapters). Each chapter is followed by a short, 
selected bibliography, and there are author and subject indexes. 
The book is printed on glossy paper which adds to its attractive- 
ness. 

This new book should be especially useful to teachers and stu- 
dents. It is, however, a condensed version of the subject pre- 
pared from the research worker’s point of view. It will be diffi- 
cult for the beginner to assemble the equipment that is de- 
scribed, to carry out the separations, and to identify the sep- 
arated substances without consulting the original literature. 
Apart from this limitation, this new book provides an introduc- 
tion to the subject that is not available elsewhere. It should be 
a useful volume to all those interested in the nature and applica- 
tions of the technique, and it should be a helpful guide to all those 
who plan to employ the technique in analytical investigations. 


HAROLD H. STRAIN 
ARGONNE NATIONAL LABORATORY 
Lemont, ILLINOIS 


e BIOCHEMISTRY OF THE DEVELOPING NERVOUS 
SYSTEM 


Proceedings of the First International Neurochemical Symposium. 
Edited by Heinrich Waelsch, Columbia University and Psychi- 
atric Institute, New York. Academic Press, Inc., New York, 1955. 
xvii + 537 pp. 91 figs. 55 tables. 16 X 23.5cm. $11.50. 


THIS symposium contains contributions by 56 authors dis- 
cussing the following subjects: morphological and functional 
ontogeny of the nervous system; the chemical composition and 
dynamic biochemistry of the developing enzymatic differentiation 
in relation to function; cellular chemistry; and intrinsic and ex- 
trinsic factors in the development of the nervous system. Bio- 
chemists will find here a summary of a wealth of information 
which could not easily be gathered by literature surveys. Every 
kind of chemical, nutrient, hormone, and enzyme system affect- 
ing normal and pathological nervous functions has been con- 
sidered. Each of the 44 papers is followed by a stenographic 
record of the ensuing discussions which give a stimulating insight 
into the spontaneous working of the minds of some of the best 
biochemists and neurophysiologists of our time. 


ALFRED BURGER 
UNIVeRSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


* ATOMIC ENERGY RESEARCH AT HARWELL 


K. E. B. Jay. The Philosophical Library, New York, 1955. 
xii+144pp. Qfigs. 14.5 X 22cm. $4.75. 


Tuts small volume describes the present status of research at 
Harwell, the United Kindom’s foremost Atomic Energy Labora- 
tory. Part I, written for the nontechnical reader covers the 
‘developments of the years 1951-54. It supplements the 1952 
publication ‘“Harwell—The British Atomic Energy Research 
Establishment, 1946-51.’’ Part II, written more for scientists 
but nonspecialists, treats selected researches of a more fundamen- 
tal type in physics, chemistry, and metallurgy. American readers 
familiar with similar activity on this side of the Atlantic will learn 
little. 
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2 ADVANCES IN VIRUS RESEARCH. VOLUME III 
Edited by Kenneth M. Smith, Virus Research Unit, Molteno 


Institute, Cambridge, England, and Max A. Lauffer, Depart- « 


ment of Biophysics, University of Pittsburgh. Academic Press 
Inc., New York, 1955. ix + 339 pp. Figs. and tables. 
16 X 23.5cm. $8. 


THE reviewer, who finds increasing difficulty in keeping abreast 
with the ever expanding literature of virology, welcomes the 
appearance of the reviews found in Volume III of the “Advances” 
because about 1000 published papers are cited and considered. 
In accord with the plan of previous volumes, the seven reviews 
cover different aspects of plant, animal, and bacterial virology. 
The titles and contributors are: 

(1) “Comparative biochemistry and virology,” S. S. Cohen. 

(2) “The chemotherapy of viruses,’”’ R. E. F. Matthews and 
J. D. Smith. 

“Tumor viruses,” J. W. Beard, D. G. Sharp, and E. A. 


"Morphology and development of insect viruses,’ K. M. 
h 


Maramorosch. 

(6) “Cross protection between strains of yellows-type vi- 
ruses,”’ L. Kunkel. 

(7) “Current status of bacterial transformations,” H. 
Ephrussi-Taylor. 

In their choice of authors and subjects, the editors continue to 
maintain the high standards of previous volumes. 


8. G. WILDMAN 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


* A COURSE IN MODERN TECHNIQUES OF 
ORGANIC CHEMISTRY 


R. P. Linstead, J. A. Elvidge, and Margaret Whalley, Imperial 
College of Science and Technology. Academic Press, Inc., 
New York, 1955. x+190pp. Ql figs. 4tables. 14.5 x 22 
cm. 


Tuis is a laboratory text used in a new course (1951) in ad- 
vanced organic chemistry at the Imperial College of Science and 
Technology. It is designed to train the advanced undergraduate 
or beginning graduate student in laboratory techniques which 
have not been employed in the elementary course and which are 
necessary for research work. 

The book is divided into three major sections: I, Techniques 
of Purification and Separation; II, Special Reaction Techniques; 
and III, Techniques of Quantitative Analysis and Allied Physical 
Measurements. These sections are developed by 29 brief chap- 
ters; each chapter gives the principle of the procedure, outlines 
the gener... .aethod, and gives in complete detail one or more ap- 
plications. Numerous figures and a few key literature refer- 
ences are included. Each application has been thoroughly 
checked in the laboratory. 

Part I includes 11 chapters on various chromatographic pro- 
cedures, liquid-liquid extraction, fractional distillation, vacuum 
sublimation, etc. The nine chapters of Part II cover such tech- 
niques as use of a vacuum-line, catalytic hydrogenations, vapor- 
phase catalytic reactions, electrolysis, and ozonolysis. Part III, 
which deals with analytical methods, has nine chapters on semi- 
micro carbon-hydrogen, micro Kjeldahl, active hydrogen, molec- 
ular weight, potentiometric titration, colorimetric analysis, etc. 

Not included are those procedures which require highly de- 
veloped techniques or extensive equipment such as infrared 
absorption spectra, micro quantitative analyses, isotope anal- 
ysis, etc. 

The selection of experiments and the directions given are 
generally excellent. Teachers in graduate schools and research 
supervisors in industry would agree with the authors that there is 
need for the advanced training provided by these experiments. 
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The authors have been successful in devising experiments anj 
writing the text for them. 

A course based on this book could be set up in British schook 
easily because the sources of chemicals and equipment are named, 
It would not be difficult for U. 8. schools to obtain most items 
from American suppliers but modifications of the book’s direction 
and diagrams would be required where there are differences in 
apparatus. The use of certain English expressions, like tap 
funnels for dropping funnels, should give no difficulty. 

Laboratory manuals in organic chemistry written by American 
authors vary in the range of techniques required. Some man- 
uals contain certain experiments which would be suitable for use 
in an advanced course such as that given at Imperial College. 
Possibly the closest analogous text in this country is ‘“Labora- 
tory Technique in Organic Chemistry’? (Morton, A. A., Me- 
Graw-Hill Book Co., Inc., New York, 1938, 261 pp.) Because of 
the earlier publication date this does not emphasize such newer 
techniques as paper chromatography, for example. Also, Mor- 
ton devotes much more space to the discussion of the theory of 
crystallization, distillation, extraction, etc. 

The typography and format are satisfactory. The binding 
seems to be typical of many books published abroad in that the 
covers warp quickly. A compilation of chemicals and appara- 
tus would be helpful. These, however, are minor criticisms. 
This is a well-prepared text to meet the need for advanced train- 
ing in experimental organic chemistry, and it could be well 
adapted to a senior or first-year graduate course taught in this 
country. 


OLIVER GRUMMITT 
WesTEeRN RESERVE UNIVERSITY 
CLEVELAND, OHIO 


a BIOCHEMICAL PREPARATIONS. VOLUME 4 


W. W. Westerfeld, Editor-in-Chief. John Wiley & Sons, Inc., 
New York, 1955. vii + 108 pp. 2 tables. 15.5 23.5 cm. 
$3.75. 


In voLuME 4 of “Biochemical Preparations,’’ its editors con- 
tinue to pursue its two major goals of supplying reliable checked 
procedures for the preparation of substances of biochemical 
interest and to illustrate techniques and methods which may be 
useful to research workers. The many desirable features of this 
series have been emphasized in reviews of previous numbers. 
While the latest in this series is progressing in the proper direc- 
tion, several suggestions are in order. 

The range of compounds selected is broad, but one may 
question why the preparation of a relatively obscure substance 
as L-argininic acid is selected instead of “hot’’ compounds such 
as S-adenosylmethionine or 5-phosphoribosylpyrophosph:te. 
On the other hand, the timeliness of such preparations as di- 
palmitoyl-t-a-lecithin, urocanic acid, N-acetylimidazole, 
glutamic acid, alcohol dehydrogenase, inorganic pyrophospha- 
tase, and others is unmistakable. Only two other proteins, 
a-lactalbumin and #-lactoglobulin, are included. In addition 
to the compounds otherwise mentioned, the volume describes the 
preparation of homogentisic acid, carnosine, t-histidinol, ¢ly- 
coaldehyde, sodium glyoxalate, tetracetyl-p-ribofuranose, DI- 
methionine sulfoxide, methionine and ethionine sulfones, lin: leic 
acid, and methy] linoleate. 

If the purpose of “Biochemical Preparations’’ is to illustrate 
techniques, it would be logical to place consecutively the p ep- 
arations of a-p-galactose-l-phosphate, employing stan: ard 
organic chemical procedures, and a-p-glucose-l-phosphate, w iiich 
is prepared enzymatically. As it is, their preparations are 
63 pages apart in the 108-page volume. Perhaps it woul:! be 
best to organize the contents of this series into areas devote: to 
the preparation of compounds related to carbohydrates, ‘ats, 
proteins, and nucleic acids. The procedures are greatly enha ced 
by valuable detail both in and out of footnotes. However, the 
directions should be made as complete as possible. The isolator 
of crystalline inorganic pyrophosphatase will still have to repair 
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to his library since the Kunitz crystallization procedure is 
described by reference only. 

The “Biochemical Preparation’’ series will be anticipated with 
continuing interest, particularly in relation to the announced 
publication of such related texts as ‘‘Methods in Enzymology. 
Volume III: Preparation and Assay of Substrates,’’ edited by 
§. P. Colowick and N. O. Kaplan (Academic Press, New York, 
1956). It is hoped that every effort will be made to avoid the 
excessive repetition which is becoming characteristic of much of 
the biochemical review literature. 


EARL FRIEDEN 
Strate UNIVERSITY 
TALLAHASSEE, FLORIDA 


* FUNDAMENTALS OF QUALITATIVE CHEMICAL 
ANALYSIS 


Roy K. McAlpine and Byron A. Soule, University of Michigan. 


Fourth edition. D. Van Nostrand Company, Inc., Princeton, 
1956. vii + 340 pp. 4 figs. 21 tables. 16 X 23.5 cm. 
$5. 


In THE preface to the fourth edition of this text, the authors 
state, “There has been no change in the point of view that the 
main purposes of a course in Qualitative Analysis are to give the 
student direct contact with the chemical behavior of a number of 
common metals and acid radicals and to emphasize the necessity 
of working under controlled conditions in order to carry out 
desired reactions successfully.”” This viewpoint tends to make 
the book more descriptive and less theoretical. As an example of 
this, atomic structure and its relation to chemical behavior is 
not presented. 3 

In this revision some significant changes have been made in 
accord with modern trends: 

(1) The procedures have been rewritten to the semimicro 
scale, 

(2) The dissolving of amphoteric hydroxides is explained in 
terms of the formation of hydroxy] complexes. 

(3) A short discussion of activities with their applications to 
solubility product constants and ionization constants has been 
added. 

The book would be more helpful if the index were more com- 
plete. Neither “complex ions” nor “amphoteric hydroxides’’ 
is indexed although both are discussed. 

The material is well organized and the procedures are pre- 
sented in a clear and understandable style. The authors have 
accomplished their purpose in a very satisfactory way. 


ROY I. GRADY 


Tue or Wooster 
Wooster, Oxn10 


e THE ROGER ADAMS SYMPOSIUM 


Wallace R. Brode, Associate Director of the National Bureau of 
Standards, John R. Johnson, Professor of Chemistry, Cornell 
University, Samuel M. McElvain, Professor of Chemistry, 
University of Wisconsin, Ralph L. Shriner, Professor of Organic 
Chemistry and Head of Department, State University of Iowa, 
Wendell M. Stanley, Professor of Biochemistry and Director, 
Virus Laboratory, University of California, and Ernest H. Vol- 


wiler, President of Abbott Laboratories. John Wiley & Sons, 


Inc., New York, 1955. Many figs. ix + 140 pp. 23.5 x 
15cm. $3.75. 


Tus book is a collection of papers delivered by some of his 
former students at a symposium held in honor of Roger Adams on 
September 3 and 4, 1954. The occasion marked the retirement 
of Dr. Adams from the headship of the department of chemistry 
at the University of Illinois. Contributors to the program were 
E. H. Volwiler, W. R. Brode, J. R. Johnson, 8. M. McElvain, 


R. L. Shriner, and Nobel laureate W. M. Stanley. The positions 
of eminence to which these former students have risen point up 
one of Dr. Adams’ major contributions to science—the training 
of scientists. 

“Introductory remarks” by Dr. Volwiler highlighted Dr. 
Adams’ career of service to science and the government, his 
friendliness with his students, and his enormous publication 
record of over 375 scientific papers. 

The next four papers—‘‘Steric effects in dyes’ by W. R. Brode, 
“The structure of gliotoxin” by J. R. Johnson, ‘“The structure of 
nepetalic acid” by 8. M. McElvain, and ‘‘Chemistry of flavylium 
salts: reactions with amines” by R. L. Shriner—are mature 
accounts of significant problems to which the authors have made 
major contributions. Each is adequately documented and in 
addition surveys material not in print elsewhere at the time of 
publication. Particularly noteworthy is the chapter by Dr. 
Brode which is a thorough survey including discussion of the 
history of steric effects, the present frontier, and instrumentation. 
The last chapter by Dr. Stanley is a historical survey of major 
developments in the chemistry of viruses. Each of the articles is 
written in a philosophical style and not in the usual terse language 
required by technical journals. This relaxed exposition adds a 
desirable third dimension to the elaboration of the topics. 

The format of the text is excellent. A frontispiece Ektachrome 
transparency of Dr. Adams is noteworthy. The esthetically 
satisfying use of regular hexagons for benzene rings has been 
continued by the publishers. The paper is glossy and the pages 
are uncrowded. Unfortunately a few errors have crept in, the 
most serious of which gives Dr. Adams credit for having resolved 
p-nitropheny lacetic acid! 

This book is a fitting souvenir of a great occasion for an out- 
standing chemist of our times. 


ERNEST I. BECKER 
Potytecunic INsTITUTE OF BROOKLYN 
Brooxtyn, New York 


* EARLY AMERICAN SCIENCE: NEEDS AND 
OPPORTUNITIES FOR STUDY 


Whitefield J. Bell, Jr. Institute of Early American History 
and Culture, Williamsburg, Virginia, 1955. vii + 85 pp. 
16 X 24cm. $1.25. 


Tue Institute of Early American History and Culture is a 
national center for research and publication in American history 
from its beginning to the close of the Jeffersonian era. It 
attempts to encourage research into fields of American history 
which have been little cultivated up to the present. To accom- 
plish this, it holds conferences on such fields and publisties the 
results. One such conference in the 1952-53 series was on the 
history of American science. This little book contains the re- 
sults. 

The book is a fervent plea for more research into the history 
of American science, a plea directed in the main to historians, 
but of the greatest interest also to scientists. It is full of specific 
suggestions of problems which could be profitably investigated, 
and of the sources which should be consulted in such studies. 
Besides guides to the available literature on a wide range of 
topics, it contains a list of 50 American amateur or professional 
scientists who were active before about 1820, their chief works, 
and what has been written about them. The scientific work of 
these men contributed to the growth of American culture, but 
their contributions have almost never been adequately assessed. 

It is to be hoped that this book will come to the attention of 
those who have an interest in the history of chemistry, but who 
have hesitated to take an active part in developing the field. 
It can show how much remains to be done, and how to go about 
doing it. If it stimulates such new workers, it will have been 
most worth while. 


HENRY M. LEICESTER 
or Puysicians AND SURGEONS 
San Francisco, CALIFORNIA 
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PRINCIPLES OF NUCLEAR REACTOR 
ENGINEERING 


Samuel Glasstone, Consultant, United States Atomic Energy 
Commission. D. Van Nostrand Co., Inc., New York, 1955. 
ix + 861 pp. Figs. andtables. 16 X 23.5cm. $7.95. 


In Tuts book the author demonstrates again his extraordinary 
organizing and editing ability as he brings into one coherent 
volume an introduction to each of the principal component scien- 
tific and engineering fields comprising nuclear reactor engineer- 
ing. The boundaries of reactor engineering are defined as 
encompassing ‘‘the design, construction, and operation of re- 
actors for the release of energy in a continuous and controlled 
manner by the fission of certain atomic nuclei.”” Dr. Weinberg 
notes with satisfaction in a foreword of this book that nuclear 
technology has developed to the point of dwindling dependence 
on nuclear physicists while the role of reactor engineers is be- 
coming predominant. This is as it should be. Nevertheless, 
the nuclear physicist leaves to his heirs as a legacy that cannot be 
declined a residium of fundamental principles of nuclear physics 
and radiation interaction with matter which are essential to all 
engineering practice in this field. 

It is not an accident, therefore, that the first one-fourth of this 
book, after an introductory chapter which defines the scope and 
concepts of reactor engineering, is devoted to the basic phenomena 
and principles of nuclear physics and radiation interactions which 
must be integrally interwoven into all applied reactor technology. 
The four chapters in this section are: Nuclear Reactions and 
Radiations; Reactor Theory: Steady State; Reactor Theory: 
Disturbance to the Steady State; and Nuclear Reactor Instru- 
mentation. The latter really could be called Radiation De- 


tection and Measuring Instruments, for it deals with the principles 
and characteristics of basic instruments such as ionization 
chambers, geiger counters, etc. 

These four chapters are well arranged and clearly written. 
They contain the physical concepts essential to reactor engineer- 
ing applications and give perspective indication of the engineer- 


ing areas in which they are relevant. 

The engineering heart of this book is contained in the six 
chapters entitled Control of Nuclear Reactors (the principles and 
systems of reactor control), Processing of Nuclear Reactor Fuel, 
Nuclear Reactor Materials, Radiation Protection, Shielding 
of Nuclear Reactor Systems, and Thermal Aspects of Nuclear 
Reactor Systems. In each of these component areas the author 
begins with a qualitative description and identification of the 
principal problems from an engineering viewpoint, then defines 
the relevancy and orientation of the problems to the over-all 
reactor system, and finally describes the engineering approach to 
solutions of the problems. 

Some will insist that the amount of engineering practice in 
these sections is too small; that the relative emphasis, for ex- 
ample, on chemical engineering—fluid flow, corrosion, remote 
manipulation systems and equipment, etc.—is not enough. It is 
true, of course, that volumes could be written on reactor appli- 
cations in any one of these component fields, and that an expert 
in any one will immediately think of much more which might 
have been included. 

On the other hand, the chief purpose of the book, ‘‘to describe 
the fundamental scientific principles on which reactor engineer- 
ing is based,” has clearly been achieved. The important con- 
cepts are all included, though some of the details and essentially 
all of the “techniques” of necessity are omitted. 

The last two chapters give further orientation and over-all 
perspectives to the scope and components of reactor engineer- 
ing. Nuclear Reactor Design Variables describes the innumer- 
able permutations and combinations of fuel elements, moderators, 
coolants, reflectors, and shielding arrangements which might be 
chosen for a reactor system and identifies some of the promising 
possibilities. The last chapter, Descriptions of Nuclear Re- 
actors, is just that. The essential characteristics and components 
of some 15 typical reactors of various types, now in operation, are 
tabulated and briefly discussed. 

As a means of giving a new student his first perspective view of 
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reactor engineering, or providing for an engineer practicing in 
some orthodox field an introduction to the important concepts of 
‘reactor engineering applications in other fields, this book could 
hardly be excelled. 


CLIFFORD K. BECK 
University or NortH CAROLINA 
Raveicu, Nortu CaRouina 


& PRODUCTION OF HEAVY WATER 


A volume of the National Nuclear Energy Series (Division III, 
Volume 4F). Edited by George M. Murphy, Department of 
Chemistry, New York University. McGraw-Hill Book Co., Inc., 
New York, 1955. xvii +394pp. Many figs. andtables. 16 x 
23.5cm. $5.25. 


Devterium quickly became an important research tool in 
many fields after its discovery by Urey, Brickwedde, and Murphy 
in 1931. Immediate attention was given to the development of 
economical methods for its production. But the early efforts in 
this direction were completely overshadowed by the production 
program associated with the Manhattan Project during the sec- 
ond World War. Here the principal impetus was the possible 
large-scale use of heavy water as a slowing-down agent, or mod- 
erator, for neutrons in reactors planned for plutonium produc- 
tion. As it turned out, the problems of producing graphite of 
suitable purity and density for use as reactor moderator material 
were solved early enough so that the first production reactors, 
those at Hanford, were graphite-moderated. However, heavy 
water soon found use in research reactors at Argonne, Chalk 
River, and elsewhere and more recently, on a larger scale, in the 
production reactors at Savannah River. 

This book is an excellent and detailed account of the heavy 
water production program conducted as part of the Manhattan 
Project. Security policy has only recently made possible its 
publication. Part I was written by J. O. Maloney, G. F. Quinn, 
and H. S. Ray and surveys the actual status of the heavy water 
plants in operation at the close of the war. This includes de- 
scriptive details of the design and operation of the catalytic ex- 
change-electrolytic process used at Trail, British Columbia, and 
the water distillation process used at Morgantown, West Vir- 
ginia. Also included is an analysis of the possible use of a liquid 
hydrogen distillation process and, in less detail, other processes 
that were considered. 

Part IT of the beok is devoted to a description of the develop- 
ment research that was conducted for the heavy water processes. 
It is divided into a series of chapters each written by an authority 
on the subject who was intimately connected with the work. 
Included is an introduction by H. C. Urey and chapters on gen- 
eral considerations of catalytic exchange by H. S. Taylor; 
development of nickel-chromium oxide catalyst by E. H. Taylor; 
platinum and palladium catalysts by G. G. Joris; and a hydro- 


gen-water vapor pilot plant, the distillation of water, and dual 


temperature processes by M. L. Eidinoff. 

The book is naturally somewhat out of date, the various parts 
having been compiled about ten years ago. This is most notice- 
able in the Introduction to Part I of the book (Chapter I) where 
anachronisms are found in cases such as the estimated costs of 
research and construction and the recommendation that seized 
German information on heavy water manufacture be released to 
qualified heavy water experts. Nevertheless, the book will prove 
interesting to anyone who is curious about the road which this 
country took in order to realize a large-scale production of heavy 
water. It will be an invaluable starting point for anyone in- 
terested in the possible development of improved processes, 
especially if it is read in conjunction with a briefer, more recent 
review of the subject, “Survey of heavy water production proc- 
esses,’’ prepared by Manson Benedict for the Geneva ‘‘Atoms- 
for-Peace’’ Conference. 

B. WEINSTOC 

ARGONNE NaTIONAL LABORATORY W. M. MANNING 
Lemont, ILLINOIS 


(Additional book reviews start on Page A306) 
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20. THE HALOGENS’ 


O A. PREPARATION OF THE HALOGENS 


*20-1 By electrolysis. 1 X 1” Cu electrodes with 
wires leading to 20 volts D.C., litmus paper, 
KI-aq. Touch electrodes to litmus paper 
moistened with KI-aq.: turns brown from 
I., blue from OH -. 

By oxidizing HX. Nal, NaBr, NaCl, three 
1-liter flasks containing 10 ml. conc. H2SO, + 
5 ml. water + 5 g. MnO, on hot plates in 
hood. Add 5 g. NaI, NaBr, and NaCl re- 
spectively and swirl to mix: free halogens 
are liberated. Keep in hood. 

By displacement. Cl:-aq., KI-aq., KBr-aq., 
CS2, two test tubes half-full of water. Tube 
1: add 1 ml. KI-aq. + 1 ml. Cl.-aq.: brown 
I, liberated. Tube 2: add 1 ml. KBr-aq., 
+ 1 ml. Cl.-aq.: brown Br, liberated. Tube 
3: add 1 ml. KI-aq., + 1 ml. Cl.-aq. + 10 
ml. CS, and shake: brown I, liberated but 
dissolves to form violet layer in CS,.. Add 
CS, to tube 2: Br, in CS, still reddish brown. 


B. CHLORINE 


20-4 Preparation. (See 20-2.) Cone. HCl, 5 g. 
KMnQ, in 1500 ml. Erlenmeyer flask on 
hotplate under hood. Add 8 ml. conc. HCl 
to the KMn0O,: forms yellowish chlorine. 
Danger: do not use conc. H.SO,, which 
forms explosive oxy-compounds. 

20-5 Liquefying Cl. Dry-ice acetone mush; a 

20 ml. test tube extending through rubber 

stopper into a 1-liter Florence flask filled 

with Cl, gas. Fill test tube with the mush: 
liquid Cl, forms on, and drips from, the 
bottom of the test tube. 

Combination of Cl, with elements. Use hood. 

(If you inhale Cl., try inhaling vapours from 

bottle of ethanol to relieve irritation of 

throat and lungs.) Five wide-mouth bottles 
of chlorine; red P; Sb dust in shaker, brass 
chain, tongs, burner, 3 deflagrating spoons, 

Mg ribbon, forceps. (1) Shake Sb into Cl, 

bottle: scintillations, forming SbCl;. (2) 

Ignite Mg ribbon, lower into Cl,: burns 

brightly. (3) Heat brass and lower into 

Cl,: smoulders, glows red-hot, emits clouds 

of CuCl, + ZnCl.. (4) Heat red P in de- 

flagrating spoon, and when it ignites, lower 
into Cl,: burning continues. 

Combination of Cl, with H,. Hydrogen tank 

leading via rubber tubing to 2 mm. capillary 

tubing 30 cm. long and turned up at bottom, 
like a fish-hook; wide-mouth bottle of Cle. 

Turn on Hh, light it at end of capillary, and 

lower into Cl,: the flame turns ghostly 

green, forming HCl. 

Photochemical H, + Cl. A polyethylene 

bag (about 2 X 6”, as used in deep freeze 

storage), pneumatic trough of water, Cl, 
cylinder, Hz. cylinder, Mg ribbon, tongs, 
burner, rubber band. Immerse bag _ in 
water, displace water with equal volumes of 

H. + Cl. making sure no air is admitted. 

Twist open end, fasten with rubber band, 

place bag on table. Bring lighted Mg rib- 


*20-7 


*20-8 


bon up to it: bang! Describe chain mech- 
anism, see footnote and 20-9. 

Chain reaction model. Tape three rows of 
dominoes so they knock one another down 
on an 8 X 20” board. Drill a dozen holes, 
large enough to hold pencils upright, be- 
tween the dominoes. Illustrate chain reac- 
tion by pushing hindermost dominoes. _ Illus- 
irate inhibition, or breaking of chains, by in- 
serting pencils which stop the falling dominoes. 

20-10 Deceit. Salt shaker buried in sand in glass 

cylinder of Cl, deflagrating spoon, Na, 
burner. Ignite 1 g. Na in deflagrating spoon, 
lower into Cl.,: pull out shaker of salt! 

20-11 Substitution and Displacement. See Demon- 
stration 20-3. Cotton on end of wire, bottle 
of Cl:, 10 ml. turpentine in test tube resting 
in beaker of hot water. Dip cotton into tur- 
pentine, then thrust into Cl,: billows of 
black smoke and sometimes flame. 


C. REACTIONS OF THE HALOGENS 


20-12 Reactivities. Sb dust in shaker; three 7 x 70 
cm. Dumas tubes, one filled with Cl, an- 
other containing 10 ml. Br. over Bunsen 
burner, the third containing 1 g. I, over large 
Fisher burner. Shake Sb into each: Cl, 
reacts when cold, Br. when warm, I, when hot. 


Turn the page for additional demonstrations 


t By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 


*Footnotes 


One can make a secret writing-pen by making the pen 
the + electrode and paper wetted with KI-aq. the 
— electrode, using 20 volts D. C. 

Be sure to use a capillary tubing; the capillary pre- 
vents the flame from striking back. 

Historically a famous photochemical chain reaction. 
Bodenstein proposed the following mechanism. Chain 
started: light + Cle ~ Cl + CL Chain continued: 
Cl + H; ~ HCl + H; H + Cl, ~ HCl + Cl, and 
these two steps continued many times. Chain 
broken: Cl + Cl — Cl,; Cl or H + impurities — Cl 
or H compounds; H + H + third body — H, + 
energy taken away by third body. Traces of oxygen 
will inhibit the reaction. 

20-16 Other exit tubes: (a) a wing-tip of a Bunsen burner, 
(b) a 2-ft. metal pipe '/,” in diameter, with '/.,” holes 
bored at 1” intervals along its length, and capped at 
one end. 

Labels for Topic 20 (For code, see instructions for assembling 
kits, J. Chem. Educ., 32, 12A (1955). 20-1-J-litmus paper, 
20-1-d-KI aq., 20-2-w-N al, 20-2-w-NaBr, 20-2-w-NaCl, 
20-2-w-MnO:2, 20-3-d-Cl.-aq., 20-3-d-KI aq., 20-3-d- KBr 
aq., 20-3-N-CS2, 20-4-w-KMnQ,, 20-5- 20-5-N-acetone, 20-6-w-red 
} fi 20-6-w with shaker top-Sb dust, 20-6-J-brass chain, 20-6-w- 
Mg ribbon, 20-8-w-Mg ribbon, 20-8-J-polyethylene bags, 
20-8-J-rubver bands, 20-10-J-sand, 20-10-J salt shaker with 
NaCl, 20-11-J-cotton on wire, 20-11-N-turpentine, 20-12-w 
with shaker top-Sb dust, 20-13-J-KBr, 20-13-J-KI, 20-15-J- 
lead acetate paper, 20-15-J-litmus paper, 20-i5-w-N al, 
20-15-w-NaBr, 20-15-w-NaCl, 20-18-J-1 X 8” strips colored 


; a 20-19-J-newspaper 2x 6" strips, 20-19-J-colored paper, 


< 6” strips, 20-20-w-granulated sugar, 20-20-w-granular 
20-23-d-indigo aq., 20-23-N-NaOH aq., 20-23-N-Br. 
aq., 20-24-d-AgNOs, 20-25-N-ethanol, 20-25-d-Cly aq., 20-25- 
N-CS2, 20-25-J-iodized salt, 20-27-N-Cls aq., 20-27-d-KI aq., 
20-28-N-Iodine tincture, 20-29-d-Ag + 20-29-d-Pb +2, 20-29-d- 
20-29-d-Cl-, 20-29-d-Br- , 20-29-d-I-', ’20-29-N- 
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ASPIRATOR 


20-13 Displacement. See Figure 20-13. Liter 


flask of Cl, leading into 2 X 60 cm. horizontal 
glass tubing containing a 18 X 10 em. 
glass-wool plugged tubing of moistened 
KBr near entrance and a 1.8 X 10 cm. tubing 
of KI under wing tip burner near exit; thence 
to water suction pump. While heating the 
KI, slowly suck Cl, through tube: Cl, liber- 
ates reddish-brown Br, which liberates 
violet I,, so tube exhibits all three halogens 
in order of activities. 


DISPLACEMENT OF HALOGENS 
Figure 20-13 


20-14 Displacement. A 250 ml. glass cylinder in- 


verted over a 500 ml. cylinder and separated 
by a greased glass plate; illuminate brightly 
from below. Cl,in upper cylinder, HI in lower 
cylinder. Darken room. Steadying cylin- 
ders, for reaction is vigorous, suddenly pull 
glass plate away: the two gases mix, I, is 
liberated as violet vapour and a rain of 
crystals, with brilliant flashes, and some 
ICI; may form in upper cylinder. 


D. HALOGEN HALIDES 
20-15 Preparation of HX. Cone. H.SO,, Pb- 


(OAc):-paper, litmus paper, 2 g. each of Nal, 
NaBr, and NaCl in each of three 1-liter 
Erlenmeyer flasks on hot plates. Add 2 ml. 
conc. H,SO, to each flask. Flask 1: violet 
iodine forms, + H.S which turns lead ace- 
tate paper black. Flask 2: reddish brown 
bromine forms, + SO, which turns litmus 
pink, then bleaches it. Flask 3: HCl forms, 
turns litmus pink. 


*20-16 Hydrolysis of MX. Rubber and glass tubing 


leading into a 100 ml. bottle containing 10 
ml. TiCh; exit tubing leading to 2 ft. length 
of 6 mm. glass tubing. Blow through TiCl,: 
hydrolysis with moisture in air produces 
white clouds of Ti(OH),. See also demon- 
stration 18-18. 


20-17 Pyrolysis of PBr;. See Demonstration 8-13. 


E. OXY-COMPOUNDS OF THE HALOGENS 
20-18 Hypochlorite bleaching. Exhibit: Two pieces 


f——Next month's Tested Demonstrations in General Chemistry 
21. METALS OF GROUPS IV-VIill 
For a complete list of topics for 1955-6 see J. Chem. Educ. 32, 28-9 (1955). 


brightly colored cloth hanging in two bottles 
of Cl, with 2 cms. layer water in one, 2 cms. 
layer conc. H,SO, in other: wet chlorine 
bleaches, dry does not. 


20-19 Commercial bleaches. Three clock-glasses 


containing acidified Chloride of Lime, Jav- 
elle water, Cl.-aq., colored papers, newspaper, 
paper written upon with ink and pencil. 
Show that colored paper and ink are bleached, 
carbon of newsprint or pencil graphite is not. 


20-20 Chlorine dioxide. See Demonstration 18-6 


and footnote there-to. ClO, is formed, and 
oxidizes the sugar, igniting it. 


20-23 Bleaching with hypobromite. Indigo-aq., Bre 


aq., NaOH-aq., test tube half-full of water. 
Add indigo-aq. to pale blue + 5 ml. Br.-aq.: 
turns yellowish. Add 5 ml. NaOH-aq.: 
turns colorless. 


F. USES OF HALOGENS AND THEIR COMPOUNDS 
20-24 A 1-liter beaker, AgNO;-aq., stirring rod, A 


1-liter beaker of distilled water. Fill first 
beaker with water from the tap. Add 1 ml. 
AgNO;-aq. to each, with stirring: if suf- 
ficiently chlorinated, the tap water wili be- 
come turbid from AgCl, the distilled water 
will not. 


20-25 Tincture of Iodine. Iodine, 3-liter Florence 


flask on hot-plate, ethanol, test tube, iodized 
salt, Cl-aq., CS2, block of iodized salt for 
cow-lick. (a) Pour few flakes of iodine into 
hot flask: beautiful violet vapour fills flask, 
and crystals sublime on upper portion of 
flask. (b) Dissolve 1 g. iodine in 10 ml. 
ethanol: forms tincture of iodine. (c) Add 
2 drops Cl,-aq. to 10 g. iodized salt, liberating 
I,, then add 10 ml. CS,: forms violet solu- 
tion. (d) Exhibit and discuss iodized salt. 


20-26 War gases. Exhibit phosgene. Danger. 
20-27 Secret writing. Cl-aq., KI-aq., splint, white 


paper. Write message with KI-aq., dry 
paper Hold paper over Cl.-aq.: the vapors 
displace the iodine, writing appears brown. 


G. ANALYTICAL 
20-28 Starch test. Potato, bread or other starchy 


foods, knife, 1-liter beaker, tincture of iodine. 
Drop a peeled potato into water containing 
a few drops of tincture of iodine: deep blue 
on potato. Test other foods for starch. 


20-29 Silver group tests. Burner, nine test tubes, 


Agt, Pb+?, Hg.+?, NH,OH, Cl-, Br-, I-. 
Form halides by mixing a few drops of cation 
solution with halide solutions. Show solu- 
bility of PbCl, in hot water, AgCl dissolving 
in NH,OH, Hg.Cl, forming Hg (black) + 
HgNH.Cl (white) with NH,OH. 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


ur firm or Institu- 


APPARATUS & EQUIPMENT 


Fractional distillation is the chemical 
industry’s commonest and most effective 
single means of separating complicated 
liquid mixtures into their pure com- 
ponents. 

Traditionally, however, each distillation 
assembly was custom-made, designed and 
built for one specific purpose. Fisher 
Scientific Co., 309 Forbes St., Pittsburgh 
19, Pennsylvania, has developed a ‘“‘do-it- 
yourself” distillation kit, consisting of a 
complete assembly of unitized, inter- 
changeable parts for research and indus- 
trial distillation; all you need is a wrench, 
a screwdriver, and 4 hours; all parts are 
standard! 

This same company announces also an 


accident-proof, completely noiseless blast- 
burner, with an almost unlimited range 
of flame sizes and temperatures at the flick 
of a single hand. The Fisher MultiFlame 
Burner (patent applied for) incorporates 
a series of features found in no other 
burner. 


> Burrell Corporation, 2223 Fifth Ave., 
Pittsburgh 19, Pennsylvania, has intro- 
duced a new, lower-priced Universal 
Model K-3 Kromo-Tog for gas and 
vapor-phase chromatography. 

The new instrument offers fast and 
accurate analysis of gases or liquids, 
even liquids boiling up to 300°C. Smaller 
and more compact than previous models, 
the new Kromo-Tog may be_ bench- 
mounted or panel-mounted anywhere in 
the laboratory or in the plant for process 
control. 


> Development of an improved laboratory 
model of the Cowles Dissolver, featuring 
& continuously variable range of speed, 
1900 rpm to 5900 rpm, has been announced 
by Morehouse-Cowles, Inc., 1150 San 
Fernando Rd., Los Angeles, California. 


>A new, inexpensive automatic in- 
dicating and controlling pyrometer has 
been developed by The Jelrus Co. for 
use with chromel-alumel, iron-constantan, 
and platinum-10% rhodium  thermo- 
couples. The controller operates on a 
photo-electric principle, eliminating mov- 
ing parts and contact wear. 


> A noiseless hand torch, surprisingly 
light in weight, which is said to be the 


hottest low pressure gas-oxy hand torch 
yet made, has just been developed by 
Bethlehem Apparatus Co., Inc., Heller- 
town, Pennsylvania. 


> The Cargille-Wagner Distilling Unit 
provides several new features that fa- 
cilitate small distillations. This unit is 
recommended for distillations of solvents, 
petroleum products, beverages, organics, 
anything distillable. The base is only 
4’’ wide. The unit requires no tripod, 
no ring stand, no clamps, no water 
connections. It is easily set up, easily 
operated and needs only to be plugged into 
the line current. Six of these units can 
be operated at one time on laboratory 
table space only 36’’ wide. 

Available from Cargille Scientific, Inc., 
117 Liberty St., New York 6, N. Y. 


> Laboratory analysts should welcome 
Sea Sorb 43", a specially processed sea- 
water magnesia that is said to be the 
only commercially available material 
combining high surface area (120 square 
meters per gram), uniformly large pore 
size and mechanical strength with a high 
degree of basicity and an ionic crystal 
structure. 


Tygon Tubing is chemically 
inert and will handle every 
fluid, gas and air transmission 
task normally encountered in 
the laboratory. 

It is extremely flexible and 
easy to connect or disconnect. 
Adheres tightly to glass or 
metal without clamping. 
Tygon Tubing is available in 
all required sizes from labo- 
ratory supply houses every- 
where. 
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Sea Sorb 43, registered trademark of 
Westvaco Chemical Division (Food Ma- 
chinery & Chemical Corp.) for a highly 
active magnesium oxide, is available 
exclusively from Fisher Scientific Co., 
309 Forbes St., Pittsburgh, Pennsylvania. 


> The Arthur F. Smith Co. has announced 
the introduction of two new stopcock 
greases, known as Ascolube “F’’ grease 
and Ascolube “S’’ grease. Both greases 
are said to greatly reduce, if not com- 
pletely eliminate, seizure of glass and 
metal taper joints and stopcocks. 

Further details, together with an illus- 


trated specification sheet, may be obtained 
from the manufacturer, Arthur F. Smith 
Co., Rochester 3, New York. 


@ Under the title’Freedom’s Need for the 
Trained Man, the Thomas Alva Edison 
foundation has published in booklet form 
the addresses of Lewis L. Strauss, Chair- 
man, U. 8. Atomic Energy Commission 
and Rear Admiral Hyman G. Rickover, 
Chief, Naval Reactors Branch, Bureau of 
Ships, presented at the Sixth Thomas 
Alva Edison Foundation Institute in 
November of 1955. The publication is 
available from the Foundation at 8 W. 
40th St., New York 18, N. Y. 


@ A new 12-page illustrated booklet con- 
taining a complete selection of laboratory 


INDICATORS 


Our Reagent Organic Chemicals conform not only to 
the specifications shown in our price list but also to 


gas burners for use on artificial, mixe 
natural or bottled gases, has been issw 
by Central Scientific Co., 1700 Irvin 
Park Rd., Chicago, Illinois. 


@ An 8-page brochure completely «d 
scribing the new Barnes Differenti 
Refractometer has just been publishe 
by Barnes Engineering Co., Stamfon 
Connecticut. The brochure discusses th 
theory and principles of refractometr 
the measurement of refractive index, ap 
its significance, when done continuously 
for the process industries. 
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@ An 8-page summary of informatio 
available to scholars and librarians j 
the comparatively new microprint cand 
has been compiled by Graphic Reprodw 
tion Division, Eastman Kodak (». 
Rochester 4, New York, and is now read) 
for distribution. 

Titled What's Available on Micropri 
Cards, the pamphlet is the result of 
recent survey of all publishers known ti 
be active in the microcard field. Th 
findings have been classified by subject 
field and indicate sources from whic! 
purchases may be made. 
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@ Cenco News Chats, Number 
published by Central Scientific Co, 
1700 Irving Park Rd., Chicago, Illinois, 
contains descriptions and photos of nes 
and redesigned instruments and apparatis 
for laboratory use. Also published in 
the 28-page booklet are interesting features 
including a story on the American Dr 
Milk Institute; a profile on Chester Ear! 
Gray who was instrumental in foundin 
the Institute; and an article on_ the 
measurement of spherical and cylindrica! 
radii. 


@ For 
more 
for of 
publist 
edition 
Copies 
Bakeli 
bide 
Ave., 


@ Scientists, engineers and_ technicians 
interested in learning more about infrared 
spectroscopy can now obtain a_ handy 
package of Beckman reprints on_ the 
subject. 

The reprints serve as an excellent in- 
troduction into the fascinating and ever- 
growing field of infrared spectroscopy 
Included in the package is a basic in- 
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the best literature vaives. 


The Reagent Inorganic Chemicals carry maximum- 
limits-of-impurities labels. 


In addition to Reagent Organic and Inorganic Chemi- 
cals, many items of U.S.P.,N.F., Practical and Techni- 
cal grades are availab!e. 


OUR NEW CATALOG LISTING MORE THAN 4000 ITEMS 
WILL BE SENT ON REQUEST 


MATHESON, COLEMAN & BELL REAGENT 
CHEMICALS INCLUDE PRACTICALLY ALL 
THE ITEMS USED IN LABORATORY WORK! 
ITEMS 
FROM A 
SINGLE 
MATH ES ON COLEMAN & BELL 


Manufacturing Chemists 
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troductory article on Jnfrared Spe-H ment 
troscopy by R. Bruce Scott and J. M. 
Vandenbelt of the Parke, Davis & Co. @ Ind 
Research Laboratories; Spectra-Structur§ Unitec 
Correlations in the Infra-Red Region by@ inforn 
N. B. Colthup, Stanford Research Lab-§ ratori¢ 
oratories, American Cyanamid Co., the in 195 
“bible” for qualitative and structuri'§ report 
analysis; Analysis of Hydrocarbons vii of its 
Infrared Spectrophotometric Instrunient’§ execu 
by R. Pat Connor and W. M. Ward off techni 
Beckman Instruments and Ultraviole: in eac 
Infrared Spectrophotometric Analysis of af resear 
Insect Repellent Mixture by Warren A.— This 
Sassaman and 8. P. Cohen of the Pionee!-§ the 
ing Research Laboratories, U. S. Arm’ § Natio 
Quartermaster Corps, illustrating the us § stitut 
of infrared in quantitative analyses. for $1 
Also included in the package is Beck ma! 
Bulletin 472 on the new Beckman IR4+§ @ Un 
Infrared Spectrophotometer, a copy of § 
Infrared Notes and a complete index of fF Bures 
all infrared reprints now available. pages 
To obtain the Infrared Package just B (Orde 
write Scientific Instruments Division, ftice 


Beckman Instruments, Inc., 2500 Fuller = Th 
ton Rd., Fullerton, California. is of 
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Radiometry is a new technique for 
mperature measurement with applica- 
ions in aircraft and missile guidance, 
ower plants, chemical installations and 
Hozens of other industries. Unlike other 
ethods, the object whose temperature 
ve are Measuring can be at a low heat, 
iterally miles away, and moving at high 
ate of speed. The stimulating possi- 
ilities of the subject and the meagre 
cnowledge heretofore available is why 
he recent issue of Techniques is devoted 
o Infrared Radiometry. Contact’ the 
Barnes Engineering Co., 30 Commerce 
Rd., Stamford, Connecticut, for a copy of 
the Spring 1956 issue of Techniques. 
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esult of Te The L & L Manufacturing Co., 136-8th 


Age St., Upland, Chester 41, Pennsy lvania, 
by culled has available a new catalog that de- 
om oil scribes their standard and special furnaces 


to 3000° F., as well as a variety of ovens. 


@ The latest issue of The Nucleus de- 
scribes a new line of radio-activity de- 
tecting scintillation counters developed 
by Nuclear Instrument and Chemical 


mber 8) 
tifie Co, 
oO, Illinois, 


08 of Corp., 229 W. Erie St., Chicago 10, 
iched Illinois. These detectors are designed 
“ "Bfor use with radioactive isotopes in 
1g Teaturedse medical, biochemical, industrial and phys- 
D ical research, 
ester Kar! 
foundin @ For those who want to know something 
> on thf more about the how’s, why’s and what 
‘ylindricalf for of plastics, Bakelite Co. has just 
published a highly readable revised 
dead edition of The ABC’s of Modern Plastics. 
ie a Copies may be obtained by writing to 
‘ig Co., a Division of Union Car- 
& !an® bide and Carbon Corp., 300 Madison 
on thll Ave., New York 17, N. Y. 
ellent it @ Wilkens-Anderson Co., 4525 W. Divi- 
and ever sion St., Chicago 51, Illinois, has avail- 
troscopy able a new catalog WACO Semimicro 
basic "4 Apparatus, listing some 23 pages of equip- 
ment needs in this field. 
d J. M. 
s & Co @ /ndustrial Research Laboratories of the 
Structur' United States (1956), is a publication listing 
egion by information concerning the 4,834 labo- 
rch Lab-§ ratories operated ‘by 4,060 companies 
Co., the in 1955. The entry for each organization 
truciurs! reported shows the names and locations 
bons vif of its laboratories, its principal research 
trunien’® executives, the number of professional, 
Ward of technical, and administrative employees 
tole! and in each laboratory as well as the kinds of 
sis of vB research in which they are engaged. 
ret! A. This publication can be obtained from 
Pioneer- the National Academy of Sciences, 
Army National Research Council, 2101 Con- 
the us § stitution Ave., Washington 25, D. C., 
8. for $10 per copy less educational discount. 
eck man 
in IR+B @ Units and Systems of Weights and 
off Measures, by Lewis V. Judson, National 
ndex of f Bureau of Standards Circular 570, 29 
pages, 12 halftone illustrations, 25 cents. 
ge just (Order from the Government Printing 
ivision, § Office, Washington 25, D. C.) 
Fuller- The subject of weights and measures 
is of universal interest and the National 
1956 


Bureau of Standards receives many re- 
quests for information on both the custo- 
mary and metric systems of weights and 
measures. It is to serve this need—for 
teachers, students, and the general public 
—that this Circular has been prepared. 

For scientists and industrialists who 
want more extensive information on the 
subject, the Bureau has published Units 
of Weights and Measure, Miscellaneous 
Publication 214. (40 cents) 


@ The full texts of papers presented at the 
series of Nitroparaffin Symposiums held 
recently in New York, Chicago, and San 
Francisco under the auspices of Commer- 
cial Solvents Corp. have just been pub- 
lished in an attractive brochure. At these 
symposiums, representatives of companies 
working directly with the NPs and their 


derivatives presented their findings before 
industrial research and process develop- 
ment managers. 

Copies of the booklet are available from 
Industrial Chemicals Dept., Commercial 
Solvents Corp., 260 Madison Ave., New 
York 16, N. Y. 


% The best articles from European 
technical and industrial journals, trans- 
lated and digested, are now available 
monthly to American industry, John 
C. Green, Director, Office of Technical 
Services, U. S. Department of Commerce, 
announced today. 

Subscriptions are handled by the 
O.E.E.C. Mission Publications Office, 
2000 P St., N. W., Washington 6, D. C. 


He was pleased. You'd be, too. 

Well packed within the sturdy box 
was just about the most intricate, com- 
plex, involved, unusual, extraordinary, 
uncustomary, rare and uncommon 
achievement in special glass apparatus 
he had ever seen. He had designed it 
himself. Needed it for his laboratory. 
Doubted it could be built. Gave Cor- 
ning a try. We did it. 

We have a crew of skilled lamp- 
workers who build special apparatus 
exactly to your order. It’s remarkable, 
the things they can do with the Pyrex 
and Vycor brand glasses. 

When you want something exclu- 
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just what the doctor ordered 


sive, you can get it from these men 
just by sending us a drawing or de- 
scription. Usually get it fast, too. 


Have a copy of our Corning 
catalog “Custom-Made La 

oratory Glassware’? It = 
some 6,000 pieces of “special” 
labware that might save you 
time and money. Ask for one. 


CORNING GLASS WORKS 
70-8 Crystal Street, Corning, N.Y. 
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Have you tried these 
Time-Saving 


FILTRATION AIDS? 


S:S 
FILTER PULP 
No. 289, Ash-Free 


Helps to mini- 
mize clogging of 
the filter paper, 
and maintain fil- 

tration speed. 
Helps obtain better retention of 
precipitate, insure more accurate 
results. Dry-Dispersed form 
replaces moist pulp and brittle 
tablets. 


Send for free bulletin 


S:S 
ANTI-CREEP 
Reagent Fluid | 


A few drops added to 
the wash solution 
prevents the “creep” 
of precipitates up the 
filter paper, facili- 
tates the transfer of 
insolubles from the precipitation 
vessel, reduces the problem of film 
deposit on the walls of the beaker. 


Send for free folder 


S:S 
FILTER PAPER 
SUPPORTS 
No. 123 

With these 
even soft grades of Filter Paper 
can be submitted to high suction 
without danger of bursting at the 
apex. Special pure, porous textile 


material will not retard filtration. 
Inexpensive. 


Send for free folder 


All three of these S&S Filtration 
Aids are time savers. They are 
available, with S&S High Quality 
Analytical Filter Papers, from 
your laboratory supply house. 


MAIL COUPON TODAY! 
CARL SCHLEICHER & SCHUELL CO. 
i Dept. JC-86 Keene, N. H. 
Send Free data on S&S 
CO FILTER suPPORTS 
(CO FILTER PuLP 
Na 
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Editor's 


The rates are $24 a year or $2.50 per 
single issue. 


% The Acheson “dag’’ disperser, Vol. I, 
No. 1, containing information which 
might be of interest to you, is now avail- 
able from Acheson Colloids Co., Port 
Huron, Michigan. 

The purpose of the “dag” disperser is 
to show what industry and research are 
doing with “dag” colloidal dispersions. 
Some of these applications are metal- 
working, product engineering, ceramics, 
electronics, maintenance and lubrication. 


% A new type of experimental atomic 
energy reactor to help develop lower costs 
of electricity from nuclear energy for 
small capacity plants will be designed and 
built by Atomics International, a division 
of North American Aviation, under con- 
tract with the Atomic Energy Commission. 
Heat from the atomic fission process in 
the reactor core is absorbed by an organic 
material, such as the diphenyl. The 
hot liquid gives up its heat through heat 
exchangers. Electric power could be 
produced by using conventional steam 
boilers and generators to convert the 
heat to electricity. A still then is used 
to purify the diphenyl for re-use in the 
reactor system where it serves as both a 
coolant and a moderator to sustain the 
atomic fission process. About 16,000 
kilowatts of power in the form of heat will 
be produced by the Organic Moderated 
Reactor Experiment (OMRE). 


% Chemogenesis? Living matter, ow | 


something close to it, has been paitially 
synthesized in the biochemistry labora- 
tories at the University of California 
(Berkeley) and at Washington Uni- 
versity (St. Louis). This was accom- 
plished by separating a virus into its 
totally inactive parts and reconstituting 
it into a state of partial infective activity. 
Such an experiment has profound scienti- 
fic and philosophic connotations, but it 
is still a long route to “life” synthesis. 
This work is summarized in Number 327, 
Industrial Bulletin of Arthur D. Little, Inc. 


% The use of the “octane number” as a 
measuring stick for gasoline is common 
knowledge today. Did you realize a 
similar scale is necessary for diesel engine 
fuels and is called the ‘‘cetane number?” 
Cetane is the hydrocarbon reference 
sample which is accorded the “100” rating, 
the other reference compound is alpha- 
methyl naphthalene with a “0” rating. 
Testing is done in a fashion comparable 
to that used in gasoline rating. Cetane 
numbers above 50 are desirable for high- 
speed truck, tractor and bus engines 
where firing is almost instantaneous with 
injection into the cylinder. Stationary 
and marine engines can operate on 45 
cetane fuel and large, slow-speed engines 
on 30 cetane fuel. The story of this 
development is available in the April 
issue of ESSO Oilways. 
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BURET 


THREE MODELS IN 
FOUR SIZES... 


Another laboratory standard 
in the Ultramax line—an ex- 
tremely accurate buret, within 
0.05 ml as required by the Na- 
tional Bureau of Standards. 
The precision-bore tube as- 
sures this accuracy at each 
graduation. 5 sizes are avail- 
able in each of 3 models. The 
valve will not leak or freezeand 
continues to turn smoothly on 
the natural glazed surface even 
after long service. In working 
with caustic solutions, nothing 
else will do. All parts are re- 
placeable and interchangeable 
including the glass tips which 
eliminate costly repairs due to 
breakage. Write today for com- 
plete information and prices. In 
fact, contact Fischer & Porter 
first for all precision formed 
glass products. 


With 
TEFLON 
PLUG 


FISCHER 


and PORTER CoO. 
4386 COUNTY LINE ROAD, HATBORO, PA. 
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Gasket 


For the first time in history, single 
toms on the surface of a solid (tungsten) 
ave been photographed. Tungsten 
toms are approximately 5 one-thou- 
andths of one-millionth of an inch in 
iameter. 

Using the field ion emission micro- 
ope which he invented, Dr. Erwin W. 
fuller, professor of physics at Penn- 
yilvania State University, took the 
photograph in late 1955. 

Dr. Muller’s astounding achievement, 
performed while working under contract 
or the Air Research and Development 
Yommand, will permit the study of films 
ying on the surface of metals. This will 
hiord answers to questions of surface 
migration of atoms, wetting, oxidation, 
pnd reduction, corrosion, friction, wear, 
pnd lubrication required by today’s 
pressing military problems. 

Present microscopes have been able to 
‘see’ surface films from 50 to 20 atoms in 
diameter. These give good information as 
to the structure of surface films, but not 
until the perfection of the field ion emission 
microscope, which can magnify up to 
5,000,000 times, was it possible to view 
films only one atom in diameter. 

The field ion emission microscope con- 
sists of an evacuated glass tube contain- 
ing a minute quantity of helium. Sealed 
in the middle and pointing toward a 
fluorescent screen is an extremely fine 
tungsten needle. A very high voltage is 
applied between the point of the needle 
and the screen. The helium gas is 
ionized very close to the tip, and these 
ions stream radially from the point to 
the screen, giving an enlarged projection 
of the tip surface. 


* An illustrated flow chart outlining the 
production of aluminum, from mining 
of the ore through reduction to the metal, 
has been prepared by Reynolds Metals 
Co., and is available without charge to 
students and other interested persons 
and groups. Requests should be 
addressed to Desk FC, Reynolds Metals 
Co., 2500 S. Third St., Louisville 1, 
Kentucky. 


* Continental Coatings Corp. has been 
granted exclusive license to the “Flame 
Ceramics” process developed by the 
Armour Research Foundation of Illinois 
Institute of Technology for the application 
of ceramic coatings to base materials. 

Flame Ceramics coatings are produced 
by spraying non-metallic powders through 
& flame gun (on which patents are pen- 
ding) on an otherwise unheated surface. 

Unique coatings can be applied to most 
metals, glass, carbon, and refractories. 
The coatings, generally crystalline oxides 
or oxide mixtures, are distinguished by 
their remarkable resistance to heat, 
abrasion, and chemical attack. 


* Du Pont Motion Pictures is a new listing 
of films for college and high school use 
and is now available from the Motion 
Picture Distribution Department of the 
company, Wilmington 98, Delaware. 
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VACUUM DISTILLATION PUMP 


SINGLE STAGE CONSTRUCTION 


Especially Efficient in Distillations 
Requiring Long, Continuous Service 


©@ Guaranteed Vacuum .02 mm. (20 microns) 
© Free Air Capacity 33.4 Liters Per Minute 


Extra Large Oil Reservoir and Greater 
Free Air Capacity increase value 
and utility of pump for vacuum 
distillation purposes 


PRICE 
$120° 


Complete with Motor No. 1404 Patent No. 2337849 


The large volume of oil dilutes the vapors which are a product of the 
distillation, thereby reducing sticking and corrosion of tle pump mecha- 
nism. If the oil becomes too contaminated, it can be removed quickly and 
easily by means of the drain cock. The movement is simple, trouble-free 
and operates quietly. 


1404H. WEGNER PUMP, Motor Driven. 
For 115 volts, 60 Cycles, A.C. Each, $120.00 


404F. WEGNER PUMP, — Driven. 
115 volts D.C. h, $166.00 
For attached Bell Guard add semen to prices. 
1404. WEGNER Pump, Unmounted. 
With pulley, but without motor, belt, or base. 
Each, $85.00 


14041. WEGNER PUMP, Motor Driven. 
For 230 volts, 60 Cycles, A.C. Each, $122.00 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D-1, CHICAGO 10, ILLINOIS, U.S.A. 


UNUSUALLY LARGE 


LISTING OF 


SEPARATOR 
FUNNEL 


WE SHOW No. 7347 
MODIFIED 
DROPPING FUNNEL 

AND © 
No. 7349 
PRESSURE 
EQUALIZING FUNNEL 


For complete listing of 
ACE SEPARATORY FUNNELS 
Ask Dep't SF. to. send you 
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VINELAND a NEW JERSEY 


LOUISVILLE, KY, 639-41 SOUTH HANCOCK 
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BURRELL “For Scientists Everywhere” 


New STANTON 
THERMO-RECORDING BALANCE 


Heats, Weighs and 
Records Simultaneously 


‘‘Heat to constant weight’’ is accomplished easily in 
research or for process control. 

Features include automatic electric weight loading, 
wear resistant knives, sapphire planes and full air- 
damping. 


STANTON THERMO-RECORDING 
BALANCE Model TR-1 
Electric weight loading, twin electronic recorder and 
standard furnace with simple program control. A 


cam, which can be modified, provides uniform rate of 
heating. Sensitivity 1 mg. 


Burrell Cat, No. 4,550.00 
Price listed is F.O.B. Pittsburgh, Pa, 


Other models available—for thermo-recording or recording 
only—sensitivities 1 mg. or 0.1 mg. 


Ask for Bulletin No. 329 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


National Appliance Co. 
DRYING OVENS 


@ One cubic foot work 
chamber. 


@ Insulated double walls. 
@ Temperature range to 
200° Centigrade. 


Sales & Service Thru Your Labo- 
ratory Supply Dealer . . . or 
Write for New FREE Catalogue. 


5510 Price.. 
NATIONAL APPLIANCE COMPANY 


Simee /P/8... INDUSTRY 
MANUFACTURERS OF RESEARCH 
OVENS + INCUBATORS + BATHS MEDICINE 
AND OTHER APPLIANCES 


6 6 6 
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% The Chemistry Department of the Ar. 
mour Research Foundation is engaged 
in a comprehensive program of researc} 
involving organic and inorganic halides, 
The initial stage of this involves the con- 
pilation of data on physical properties anj 
methods of synthesis of a large list oj 
selected chemicals. Among those of in- 
terest, the following have been found 
difficult or impossible to obtain: CHF, 
CHF», CF;I, CHF:.CHF,, 
CIF, CIF;, ICI, SiF;Cl, SiF:Cl, SiFC\, 
SCL, SOF:, NF;, NOF, NO.F, 
F,O, ClO., and Readers of 
THIS JOURNAL who have information about 
sources of supply or accepted synthesis 
procedures for these compounds are in- 
vited to communicate with Mrs. Anna 
Wennerberg of the Literature Research 
Section of Armour Research Foundation 
at 10 W. 35 St., Chicago 16, Illinois. 


% Among the many recent services 
offered by the Office of Technical Serv- 
ices, U. S. Department of Commerce, 
the following books should be of value to 
the chemist and the chemistry instructor. 

Patent Abstract Series which includes 
patents that can ordinarily be utilized 
non-exclusively by private interests with- 
out any royalty payments. They include 
these volumes: PB 111464 Instrumenta- 
tion, $2. PB 111465 Chemical Products and 
Processes, $3. PB 111466 Food Products 
and Processes, $1. PB 111467 Metal 
Processes and Apparatus, Machinery, and 
PB 111854 Patent Abstract Series Supple- 
ment, $3.75 and all can be ordered from 
OTS, U.S. Dept. of Commerce, Washing- 
ton 25, D. C. Other publications develop 
these topics: PB 111785 The Measurement 
and Evaluation of Luminous Material, 
L. H. Dawson, Naval Research Labo- 
ratory, Dec. 1955, 60 pages, $1.75. 
PB 111746 The Use of Radioactive Self- 
Luminous Markers as Sources of Illumi- 
nation, L. J. Boardman, Naval Research 
Laboratory, July 1955, 24 pages, 75¢. 
PB 111897 Anisotropic Photographic and 
Related Properiies of Monocrystalline Silver 
Chloride, Mar. 1955, the Virginia Institute 
for Scientific Research for Wright Air 
Development Center, 33 pages, $1. 
PB 111762 Magnesium Alloy Rescarch 
Studies, A. Jones and others, Renss« laer 
Polytechnic Institute for Wright Air 
Development Center, Sept. 1952, 138 
pages, $3.50. PB 111744 Alkaline De- 
rusting Operations, Rock Island Arsenal, 
June 1955, 11 pages, 50¢. 

The Government Printing Office, W«:sh- 
ington 25, D. C., has these publications 
by the National Bureau of Standards: 
Circular 567, Guide to Instrumentalion 
Literature by W. G. Brombacher, Julian 
F. Smith, and Lyman M. Van der ?y!, 
1955, 156 pages, $1. Circular 562, Bibliog- 
raphy of Research on Deuterium and 
Tritium Compounds 1945 to 1952, by 
Lawrence M. Brown, Abraham §. Fried- 
man, and Charles W. Beckett, issued 
January 27, 1956, 85 pages, 50¢. 
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Austin McDowell Patterson 


(See page 396) 
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SPEED STABILIZED 


ELECTRIC STIRRER 


with 


INDUCTION TYPE MOTOR 


@ Uniform Power Output 
Eliminates Rheostats, Gears, or 
Friction-Drive Discs 


e@ Thrust Ball Bearings Insure Long Life, 
Continuous Running 


Reduces Explosion Hazard 

The induction type motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 
intended for highly viscous materials, will not burn out 
if stalled by overloading. 


Governor-controlled 


Its speed is adjustable over a range of about 200 to 
1400 revolutions per minute by means of a knurled knob 
at the top of the shaft. A locknut for this adjustment 
is provided. A Watt-type governor incorporated within 
the motor housing stabilizes the speed. It operates 
such that any decrease in speed caused by additional 
viscous drag in the fluid causes the governor weights to 
move inward, thus reducing friction between the con- 
trol surfaces and automatically increasing the net torque 
exerted. The speed of the stirrer therefore remains 
relatively constant under the moderate load fluctuations 
usually encountered. 


Long Life 

Both ends of the motor shaft are equipped with ball 
, bearings properly designed to carry the necessary axial 
and radial thrusts when the stirrer is operated vertically 
or at an angle. Lubrication is required very infre- 
quently. The substantial sleeve bearing at the lower 
end of the shaft, being made of oil-impregnated metal, 
is permanently lubricated. The control surfaces in the 
governor are made of materials which show negligible 

wear even after long service. 

The lower end of the shaft carries an adjustable 
check which takes any size shank up to 1/, inch. The 
stirrer is supported by means of a 13-mm. rod, 20 cm. 
long, threaded into the side of the housing. The 
opposite end of the rod is equipped with a binding post 
so that the stirrer can serve as a rotating anode in elec- 
trolytic work or for grounding the motor housing. 


5230. ELECTRIC STIRRER, Sparkless. 

Complete with 6-foot connecting cord, line switch 
and plug. For operation on 50 or 60 cycles, 115 volts 
A.C. Each $43.50 


5230A. ELECTRIC STIRRER, Sparkless, For 230 
Volts, A.C. Consists of No. 5230 Stirrer equipped with 
a step-down transformer to permit operation on 230 
volts 50 or 60 cycles A.C. Each $54.75 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 


1880 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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How often in recent years have we heard chemistry 
teachers discussing the dilemma posed by the con- 
trasting points of view emphasized on pages 390 
and 391 of this issue. To our great relief, the label 
“modern” has not been pasted onto the emphasis of 
theory. Most of us are all too prone to consider any 
highly theoretical presentation “up to date.” In 
actuality, it may be yesterday’s theory which is avoid- 
ing the uncomfortable conflict with today’s results 
from the experimental laboratory. ‘‘Modern Aspects 
of Such-and Such Chemistry” is not a course title 
which grants the right to deal exclusively with the 
theoretical interpretation of conveniently chosen de- 
scriptive material. 


Every teacher who does more than make assign- 
ments from a textbook shares our authors’ urging that 
the trend should be toward a working vocabulary of 
descriptive information tied together by the necessary 
grammar of theory. They also know that the minds 
they are training for science must learn that all scientific 
methods demand an interplay of deduction and induc- 
tion. This is tremendously important for students in 
their first chemistry course. It seems to us to be even 
more important than being conversant with a great 
deal more chemical information than formerly re- 
quired. Any trend in style of instruction must be to- 
ward doing better the job of helping students to learn 
chemistry by helping them to think like chemists. 


for his faith in it. 


disappointed. 


TION be a testimonial of our appreciation. 


We lost one of the strongest supporters of THis JoURNAL when Mr. Harvey Mack 
died on May 29. Indeed, it is doubtful if the JourNaL would still be in existence but 


Our older friends and readers will remember that in 1932 the Chemical Foundation, 
under whose sponsorship the JouRNAL had been founded, withdrew its financial support, 
and it seemed that there would no longer be a JouRNAL OF CHEMICAL EpucatTion. At this 
critical time Mr. Mack offered to underwrite the activity, and accordingly an agreement 
was entered into between the Division of Chemical Education and the Mack Printing 
Company by which the latter became the publisher and Mr. Mack the business manager. 

During the “depression years” which followed, thousands of dollars of unpaid 
printing bills accumulated on the books and Mr. Mack was urged by his advisers to 
write off the operation as a loss and wash it out. But a substantial editorial reputation 
was being built up during the thirties and Mr. Mack had a vision of a more profitable 
future, insisting that chemical education should have a medium of publication. He had 
an abiding conviction that the JouRNAL would eventually be successful. He was not 


For this faith, the whole profession of chemical education is perhaps more in- 
debted to Harvey Mack than to any other person. Let the JouRNAL oF CHEMICAL Epuca- 


Norris W. RAKESTRAW 
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STRUCTURE 


A prve is a chemical which exerts one or several bio- 
logical activities of therapeutic value. It may be the 
ion of an element (ferrous, iodide, sodium) or more 
commonly an organic compound. It usually is foreign 
to the organism in which it acts, or an essential bio- 
catalyst of that organism such as a vitamin. Also, 
there is no dividing line between drugs and compounds 
produced by the organism (hormones) which can, if 
necessary, be administered therapeutically in case of 
deficiency. All these substances have to reach the site 
of their biological action and there affect in some man- 
ner a cell chemical (receptor) or react with dissolved 
compounds and with enzymes. This article will at- 
tempt to summarize some important facets of our pres- 
ent knowledge of transport in vivo and mechanisms of 
drug action. It will point out difficulties in interpreta- 
tion which meet suggestions for rational avenues to a 
better design of drug structure and recognition of drug 
action. 


PHARMACOLOGICAL ABSORPTION, DISTRIBUTION, 
AND REMOVAL 


A chemical must reach the site of its action. For 
this purpose it should be soluble in isotonic aqueous 
solutions, and must have the proper ratio of solubilities 
betweerr lipids and water in order to assure absorption 
across membrane barriers. The membranes of many 
living cells present to a drug a continuous outside layer 
of proteins. Bonded to them by hydrogen atoms, the 
polar groups of parallel layers of lipids lie below the pro- 
tein surface, the lipophilic parts facing each other. 
Polyvalent cations and many organic polyfunctional 
compounds can be adsorbed at these membranes in 
concentrations much above those in the surrounding 
medium, provided they fit sterically to the protein 
surface. 

While one cannot expect useful absorption of a com- 
pound which is utterly insoluble in water or in lipids, 
ionizable substances can be transported in the form of 
their soluble salts. Undissociated molecules pass cell 
membranes more easily than their ions, but ionic spe- 
cies are often bonded more readily by cell receptor 
chemicals. 

Substances which can be regarded as ‘‘detergents” are 
absorbed indiscriminately because of their low affinity 
for water molecules; they are shed onto other surfaces 
from their aqueous solutions. A low degree of ioniza- 
tion is conducive to detergency. Highly ionized ma- 
terials are adsorbed less readily and are either biologi- 
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cally inert (sulfonic, phosphonic acids, etc.) or, because 
they completely alter the physiological pH, chaotically 
toxic. 

Molecules which are well hydrated are adsorbed by 
specific cells and tissues subject to steric factors. Some 
weak acids such as phenols or barbituric acids are 
more active in the molecular than in the ionic form, but 
their ions also possess some activity. Hence, as ioniza- 
tion increases, biological activity will decrease only 
slowly because of the small but increasing contribution 
by the ions of the substance. Compounds which 
exist as zwitterions are usually biologically inert. Since 
ionization is frequently involved in chelation, substances 
requiring metallic ions for bonding to receptors must be 
ionized to some extent. A special case is presented by 
cationic compounds which can tautomerize to pseudo- 
bases (e. g., cotarnine, berberine). Their tautomeric 
form can combine with receptors covalently rather 
than ionically. 

Many biologically active compounds contain intra- 
molecular hydrogen bonds as determined by their in- 
frared spectra. Among them are chloral hydrate, 
salicylic acid and its derivatives, the antirheumatic 
2,5-dihydroxybenzoic acid, and the tetracycline anti- 
biotics. Intermolecular association between molecules 
of such substances can be estimated thermodynamically 
from measurements of their entropy and free energy 
changes. It appears that even association between 
molecules does not decrease appreciably their intra- 
molecular chelation. This property will decrease the 
external (polar) field of the compound, allowing for 
more rapid diffusion and penetration (7). 

An application of present views of reactions at the 
cell membrane is the unified theory of inflammation 
and stress by Eyring and Dougherty (2). These authors 
contrast the normal, resting or impermeable state of the 
cell membrane in which the lipoprotein molecules are 
orderly arranged with a less orderly permeable mem- 
brane state. If this disorganized state is maintained 
too long, the concentration gradient between inside and 
outside chemicals decreases and the membrane becomes 
sticky and falls prey to phagocytosis. The cellular 
enzymes become exposed and metabolize more rapidly, 
the metabolite concentration must increase, sodium 
ions are retained inside the cell, and the cell may swell 
and burst. Reactions such as equilibration of alkali 
ions across the membrane tend to restore the imper- 
meable state as a mechanism of cell survival. 

Inflammation may be regarded as a degeneration 
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which increases the unstable permeable state of cell 
membranes. Hydrocortisone and other adrenal cortex 
hormones stabilize the impermeable state of the mem- 
brane and counteract retention of sodium ions. These 
hormones also diminish stress which is conceived as a 
“systemic response induced by the wave of cellular 
alterations identical with those which initiate inflam- 
mation.” In stress one observes a similar stickiness 
of the endothelium, increased capillary permeability 
which can lead to shock, and the appearance of special 
stress lymphocytes which become phagocytes in the 
blood stream. 

When a biologically active drug is introduced into 
the body, the organism will tend to detoxify it. If the 
drug is deposited in tissues where its effect is not 
wanted, and if it is fed from such storage places to 
other more sensitive tissues in which its action is no 
longer desired, detoxifying mechanisms become thera- 
peutically valuable. The oxidative biological detoxi- 
cation by the liver of barbiturates stored in adipose 
tissue is an example for this case. In most instances, 
however, the length of action of a drug is to be ex- 
tended rather than shortened. Obviously, a drug is 
useless if it is inactivated by premature biological 
conjugation or other metabolic effects before it reaches 
its site of action. Neither should it be detoxified or 
excreted after a fleeting or short contact with its cell 
receptors. 

A few compounds have become known which, al- 
though themselves biologically inactive, have a pro- 
found effect on the duration of action of a variety of 
other drugs. Among them are #-diethylaminoethy] 
2,2-diphenylvalerate (I), the corresponding 2,2-di- 
phenylvaleric acid (II), 2-(6-diethylaminoethoxy)-3,5- 
dichlorobiphenyl (III), and probably 1-isopropyl-2- 


(1) 
(II) 
CoHs 


N DCONHNHCH(CH;), 


(IV) 


Cl 
(IIT) 


isonicotiny) hydrazide (IV) (3). These compounds 
inhibit enzyme systems in liver microsomes where 
many other drugs are degraded. They retard such di- 
verse reactions as the dealkylation of aminopyrine, the 
deamination of amphetamine to phenylacetone, the de- 
methylation of codeine to morphine, the nuclear 


hydroxylation of acetanilide, and the biological con- . 


jugation of morphine. In doses devoid of sedative 
activity, they prolong the action of hexobarbital by 
blocking its detoxifying side-chain oxidation. How- 
ever, subeffective doses of hexobarbital are not raised 
to a level of effectiveness by these action-prolonging 
substances. In time, additional inhibitors of detoxify- 
ing enzymes are likely to be discovered although minor 


structural alterations of (I) and (II) cause complete 
loss of inhibitory action. - 

True potentiators have also been found. They can 
make subeffective doses of various drugs effective. 
The best known of these potentiators is chlorpromazine 
(V), which itself has remarkable tranquilizing (ataractic) 


(CH,),N(CH,)e 
(V) 


properties in psychiatric disorders. The mechanism 
of its potentiating activity is unknown. 

As long as the metabolic fate of a drug is not known 
the question whether the compound itself or a metabo- 
lite represent the active material at the site of action 
remains open. Usually the drug exerts its activity 
without first being altered in the organism. Some 
compounds, however, are metabolized to products to 
which the action is really due. Examples for this 
phenomenon are the zn vivo reduction of chloral to the 
actual hypnotic, trichloroethanol; the reduction of 
sulfonamide azo dyes to sulfanilamide in the body; 
and the cyclization of chlorguanide to the active anti- 
malarial metabolite, 2-amino-4,4-dimethyl-6-p-chloro- 
anilino-3,4-dihydro-s-triazine. 

One can save the animal organism the effort of con- 
verting the “drug” to the active metabolite by ad- 
ministering the latter directly. This usually cuts down 
a lag period before the onset of action. The metabolic 
reaction which activates the compound may even have 
toxic consequences, as in the oxidation of acetanilide 
to p-hydroxyacetanilide. Here the administration of 
the metabolite or its suitable derivatives will protect 
the body from avoidable toxic side effects. Often it is 
simply more convenient to administer the inactive pre- 
cursor if it has more desirable properties such as crystal- 
lizability, resistance to sterilization, etc. Or elsé, the 
in vivo conversion may be difficult to imitate by lab- 
oratory methods, and its execution can be left to the 
animal with advantage. All metabolic alterations, 
whether desired or not, depend on the animal species in 
which they proceed. 

A drug must not distribute itself indiscriminately in 
the tissues or else it. will exert unwanted (toxic) ac- 
tivity. No drug localizing in one tissue exclusively is 
known but the best chemotherapeutic agents approach 
that ideal. Localization is facilitated if a given para- 
sitic cell differs widely from the cells of the host and 
thereby offers the drug sufficiently differing membranes 
for absorption. 

Assuming that receptors are especially reactive 
chemical groups of cell protein molecules, their ac- 
cessibility will exert considerable influence on the ac- 
tivity of a drug. If the receptor is engulfed in a fold 
of a protein surface, contact with the drug molecules 
will be hindered sterically. Since the receptor is pre- 
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sumably biochemically essential to a given tissue, 
those cells or tissues containing the lowest concentra- 
tion of receptor protein will be affected most by a widely 
distributed drug because all their specific and needed 
receptor activity will be blocked. 

Structural limitations of molecules which produce a 
given principal action are hard to delineate. In re- 
stricted areas such as in homologous series one can fol- 
low gradual changes in physical properties and correlate 
them with stepwise changes in biological properties. 
As the molecular weight of the members of a homoio- 
gous series increases, the compounds generally become 
less soluble, until one cannot dissolve enough of a 
higher member to produce minimum biological activity. 
Calculations based on solubilities and vapor pressures 
lead to values for the “thermodynamic activity” of a 
compound (4); this function increases slowly in homolo- 
gous series, and when the value reaches one, a peak in 
biological activity will be attained. This has been 
measured for various cytotoxic effects of alcohols, 
phenols, bases, etc. On occasion, the lowest homo- 
logue of a series of medium-sized molecules may be 
the most reactive compound, if solubility rapidly de- 
creases for subsequent members. This is observed for 
1,1,1-trichloro-2,2-bis-(p-alkoxyphenyl)ethanes where 
the methoxyl derivative is the most active insecticide. 
In other cases high initial biological activity decreases 
for the next few homologues, but then the increase of 
biological intensity with ascending molecular weight 
reverses the curve and makesit climb. Of course, when 
solubility becomes too low and thermodynamic activity 
approaches unity, biological activity will reach its final 
peak for that series. 

As it drops off from this maximum, the higher mem- 
bers often attain molecular weights and elongated 

shapes characteristic of typical surface-active agents. 

Thus not only the intensity but also the quality of bio- 

logical activity will change as homologous series are 

ascended. 

Even such a minor structural change as simple ho- 

mology can alter the selective distribution of a drug in 

the tissues. A typical example is the pharmacodynamic 

difference between hexamethonium and decamethonium. 

Hexamethonium acts primarily at autonomic ganglia 

while decamethonium interferes preferably at the 

myoneural endplate. There is considerable overlap- 

ping of these properties, however, and the dual point of 

attack is especially pronounced for intermediate homo- 

logues with seven, eight, and nine methylene groups. - 
It is significant that at both locations, at the ganglia and 

the cholinergic endplate, the final mechanism of action 

seems to be the same (4). 

(CHs)sN *(CH2),N *+(CHs)s 


n = 6:hexamethonium 
n = 10:decamethonium 


Structurally similar compounds may have analogous 
or mutually inhibitory biological activities. If the sub- 
strate of an enzyme happens to be a natural metabolite, 
inhibitors of the same enzyme are called metabolite 
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antagonists. The relation between such substances are 
governed by the kinetics in those enzyme systems which 

‘the compounds affect. The classical studies of Mi- 
chaelis on kinetics of enzymatic reactions (6) apply to 
metabolites and antimetabolites as well. 

In several homologous series, or series of closely re- 
lated compounds, members with a higher molecular 
weight sometimes have the opposite effect of those with 
lower weights. Intermediate members of such series 
may be metabolites or inhibitors. Well-known exam- 
ples of these dual effects are found among derivatives of 
phenethylamine or of phenylethanolamine which can 
raise or lower blood pressure depending on conditions; 
among some members of the methonium drugs which 
can depolarize nervous structures, or inhibit their de- 
polarization; and among derivatives of p-aminobenzoic 
acid which can promote bacterial reproduction and at 
other times inhibit it. 

This puzzling behavior has been studied kinetically 
by Ariéns (7). Starting from the concept that enzyme 
and substrate (viz., receptor and substrate or drug) 
form a complex reversibly, the term affinity was intro- 
duced to describe the (constant) tendency of drug or 
metabolite to combine with the receptor under given 
conditions. A potent drug shows its effect at low con- 
centrations, that is, it has a high “affinity.” The maxi- 
mum activity of a drug is measured by another con- 
stant, its intrinsic activity. This property determines 
the velocity of enzyme action or of growth, 7. e., the 
measurable effect of a given amount of the drug-recep- 
tor complex. 

A substrate or metabolite is a substance which is used 
by its receptor; it has maximal intrinsic activity. Vice 
versa, inhibitors (antagonists) block a receptor but are 
not used by it; they do not react with it chemically, 
and therefore have zero intrinsic activity. Substances 
with structures intermediate between metabolite and 
drug have intermediate intrinsic activities, which are 
lower than that of the metabolite. In the absence of 
the metabolite they take its place at the receptor, 7. ¢., 
they act like it. If metabolite is present in the system, 
they will compete with it for the receptor site, and thus 
lower total intrinsic activity; we then think of them as 
inhibitors. The effect of a compound with inter- 
mediate (low) intrinsic activity will be positive (metab- 
olite-like), negative (inhibitory), or zero depending on 
the amount of compound with high intrinsic activity in 
the system. This latter compound is usually a metal- 
olite, but may be a highly active drug as well. 

A mathematical expression of these theories may be 
obtained by extending the Michaelis-Menten equation 
of enzyme kinetics (8). It presupposes that receptors 
are available in small amounts, and metabolite or in- 
hibitor is present in amounts large enough to cover all 
receptors. Well-known examples for this relation are 
the amounts of oxygen and hemoglobin in the forma- 
tion of oxyhemoglobin. In the equation: 

Eap = rp + 6KalB] 
K,(B) + + 
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r, is the total concentration of receptors; a and @ are the 
intrinsic activities of substances A and B (a is high, 
8low); [A] and [B] the concentrations of A and B; and 
K, and Ky are the differeni affinities for the receptor. 

Examples illustrating these deductions have been 
given for sulfonamide drugs and for muscle-relaxant 
agents. In the first example, PABA which has maxi- 
mal (growth-promoting) intrinsic activity is contrasted 
with sulfanilamide whose intrinsic activity is zero. 
2-Chloro-4-aminobenzoic acid has high growth-pro- 
moting activity, and acts like PABA; sulfanilamide 
analogues with zero activity act like sulfanilamide. 
However, 3-bromo-4-aminobenzoic acid and other 
derivatives with intermediate activities as determined 
from bacterial growth rates can act as growth promoters 
or inhibitors depending on the concentration of PABA 
in the cultures. A PABA concentration, constant for 
each derivative, can be found at which addition of the 
analogue with intermediate intrinsic activity in any 
concentration is without influence on growth whatsoever. 

The second example is taken from analogues of deca- 
methonium (R3;N+(CHe)iN*+R;; R = CHs) and suc- 
cinyleholine R = CHs)]. 
These drugs may be regarded as possessing maximal 
intrinsic (depolarizing) activity. Homologues with 
every R = C,H; are inactive. Intermediate activity 
is exhibited by homologues in which some R are methyl, 
some are ethyl. Such compounds are either depolariz- 
ing (muscle contracting), or they inhibit depolariza- 
tion (they are muscle relaxants) depending on the 
amount of contracting (maximally depolarizing) sub- 
stance present in the experiment (frog abdominal 
muscle). 

The possibility cannot be overlooked that some dis- 
sociation constants of enzyme-metabolite complexes 
may profoundly alter the relation of antagonist to 
metabolite in multiple-stage enzyme systems. For 
example, riboflavin is distributed in rat liver as ribo- 
flavin, riboflavin phosphoric acid, and riboflavin-ade- 
nine dinucleotide; the amount of the dinucleotide is 
82 per cent, and it appears possible that this compound 
does not dissociate readily in vivo. Thus, the greatest 
amount of the vitamin may be immobilized in the 
dinucleotide and not be available for displacement 
reactions with riboflavin antagonists. The modified 
Michaelis-Menten equation could then be applied only 
to the 18 per cent of available riboflavin and ribo- 
flavin phosphoric acid, and the displacement of ribo- 
flavin from the dinucleotide by the antagonist will have 
to be treated separately. 

The observations discussed in the preceding para- 
graphs apply to cells susceptible to a given drug; a 
more complex behavior is exhibited by cells which have 
acquired tolerance (resistance) to a drug. A chemical 
Which has initially inhibited a vital function gradually 
may lose this ability until zero (intrinsic) activity ap- 
pears. Indeed, it may even reverse its effect and as- 


sume the role of a metabolite for the cell species it or- 


dinarily inhibits. In the field of chemotherapy, two 
explanations have been offered for this phenomenon. 
One is that versatile microbial cells can adapt them- 


-selves by suitable mutations to the new environment 


of the drug and metabolize the toxic agent in lieu of the 
usua! nutrient or synthetic intermediate, or that they 
synthesize excessive amounts of nutrient as a defense 
against the drug. 

The second explanation for microbial resistance 
postulates that all but a very small percentage of geneti- 
cally different cells are inhibited. The small number 
of resistant uninhibited cells survive and become the 
parent cells of a strain which is now drug resistant. 
Relations of drug and metabolite can be applied readily 
to this metabolically adaptable surviving mutant. 

Tolerance, which is resistance of tissues to drugs, has 
not yet been explained adequately. Mutation of cells 
(adaptive enzyme formation) within a tissue is not a 
common procedure—except perhaps as an explanation 
of malignancy—and the existence of genetically dif- 
ferent, drug-resistant tissue cells has not been demon- 
strated convincingly. An excellent discussion of mech- 
anisms of resistance has been given by Martin (9). 


MECHANISMS OF DRUG ACTION 


A little learning is a dang’rous thing 
Drink deep, or taste not the Pierian Spring; 
There shallow draughts intoxicate the brain, 
And drinking largely sobers us again. 
Pope, ‘‘Essay on Criticism,” I, 215 
At the receptor sites, chemicals may act in more than 
one way. They may stimulate the receptor (react with 
it chemically) or decrease its activity by blocking ac- 
cess to it by steric factors. A substance, whether pro- 
duced in the body or whether foreign, seldom exerts 
only one specific effect. This has been called biological 
relativity (9). Few chemicals behave otherwise. 
Fluorocitrate ions appear to be specific inhibitors of 
aconitase, and of no other enzyme. Vice versa, there 
are some enzymes of extreme specificity. Urease has 
been found to catalyze no simple reaction other than 
the conversion of urea to ammonium carbonate but it 
does inhibit other substances, for example, trypsin (/0). 
The interaction of a natural or artificial substrate with 
a receptor enzyme may be initiated, like all other or- 
ganic reactions, by free radical or ionic mechanisms. 
Free radicals are encountered in many enzymatically 
catalyzed oxidations and reductions; antioxidants act 
predominantly by free radical mechanisms, breaking 
oxidation or polymerization chain reactions. Applica- 
tions of this concept have been made in the protection 
against irradiation damage, by 2-aminoethanethiol; 
the damage appears to be caused by formation of free 
hydroxyl radicals from water under the influence of 
radiant energy, which sets in motion depolymerization 
reactions of nucleic acids. 
The relation of ionization to mode of action of drugs 
has been studied extensively (11). The antibacterial ac- 
tion of many aminoacridines and several other heteroaro- 


| 
| 


matic amines is proportional to their cationic disssocia- 
tion. 
nuclear position which permits tautomeric shifts to 
imino forms, and hence, to increased resonance. It is 
also aided if the molecule presents sufficient aromatic 
rings (a flat area) to assist in the adsorption of the drug 
by van der Waals forces. The cations are the active 
species of the drug and compete with hydrogen ions at 
the receptor surfaces. Throughout, ionization factors 
influencing absorption and final reaction with receptors 
have to be balanced; echinoderm eggs are inhibited by 
salicylate ions but penetrated more easily by undis- 
sociated salicylic acid (12); barbiturates penetrate 
Arbacia eggs in the molecular form but anesthetize 
them better as ions (13). In an extension of these exam- 
ples, thiamine is phosphorylated and the resulting 
anions become highly adsorbable at complementary 
surfaces. 


Receptor sites themselves can be ionized. Assum- 
ing that typical functional groups of polypeptides par- 
ticipate in receptor mechanisms, the pK values of the 
corresponding monomers may apply to the reactive 
sites. 

Nothing is known about receptor ionization in the 
interior of cells, but for those located at outside surfaces, 
the pK, could be studied by measuring their response 
to drugs over a range of hydrogen ion concentrations, 
provided that the cell is unaffected by these changes, 
and the ionization of the drug does not change within 
the pH range studied. 

An interesting hypothesis for the explanation of the 
general mode of action of certain drugs has been sum- 
marized by Brody (1/4). It is based on their ability to 
“uncouple” phosphorylation from oxidative processes. 
The normal oxidative metabolism of living cells and of 
certain isolated cell components (mitochondria) leads 
to liberation of phosphate ions which are utilized in the 
synthesis of high-energy phosphate bonds. Various 
drugs can depress this process without simultaneously 
decreasing the oxygen consumption of the system. 
Phosphorylation is dependent on the presence of 
metallic ions, especially magnesium. Some uncou- 
pling agents studied, such as dinitrophenol, stimulate 
oxygen consumption but are insensitive to changes in 
magnesium ion concentration. Others, such as the 
metal-chelating antibiotics of the tetracycline group, 
do not increase oxygen consumption, and their un- 
coupling activity is reversed by magnesium ions. 


Regardless of its ultimate fine mechanism with the 
receptor chemicals, a drug must be able to approach the 
molecular surface of these chemicals, and must fit to 
this surface. The amount of interaction, its rate, and 
even the quality of its activity are determined by steric 
fit. The surfaces of apoenzymes, coenzymes, and of 
bonding ions are involved in this phenomenon. Unfor- 
tunately, an understanding of cavitations and other 
spatial peculiarities of high-molecular apoenzymes is al- 
most completely lacking. Speculations about such sur- 
face shapes center around known shapes of inhibitory 


It is enhanced if the amino group is located in a_ 
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molecules from which the complementary (“homo 
ogous’) receptor surface of the apoenzyme might le 
deduced. A study of this type has been made for 
acetylcholinesterase (AChE) (15). This enzyme and its 
congeners not only hydrolyze the neurohormone, acetyl. 
choline, but also many structurally related ester 
although at greatly differing rates. If AChE is pre. 
occupied with (inhibited by) such an ester, hormonal 
acetylcholine may not reach the catalytic sites of the 
enzyme. It may then react at its neuroreceptors pro- 
ducing striking pharmacological symptoms. 

Each catalytic unit of AChE is assumed to have two 
reactive sites, an anionic site which binds cations, and 
an esteratic site (H—G:) which contains a basic (G;) 
and an acidic group (H—) necessary for activity. Evi- 
dence for these last two groups is not as yet conclusive, 
The characteristic structure of a compound to be 
bonded to these sites is a region of high electron density 
(—CO—, —OCO—) situated near a tertiary amine 
center at a distance of two methylene groups. This 
distance at extended configuration of the two-carbon 
chain is 4.4 A. In one of the best-known inhibitors of 
AChE, physostigmine, the ester group is para to an 
aromatic amino nitrogen, at a distance of 5.5 A. If 
these distances in the substrates are to be matched by 
corresponding distances between the anionic and es- 
teratic sites of the enzyme, the enzyme matrix must be 
fixed. The role of solvent molecules or metal atoms such 
as magnesium which participate in the bonding of sub- 
strate to enzyme is to provide positive charges to offset 
the negative charge of the high electron density sub- 
strate, and of the esteratic site, H—G:, if this concept is 
correct. Acetylcholinesterase is highly activated by 
magnesium ions. Borate or citrate which can chelate 
magnesium lower the activity of the enzyme. 


X—Mg~<+Esteratic site 
@: 


Substrate Enzyme 


Using purified AChE from Brasilian eel, Electrophorus 
electricus (Linnaeus), Friess and McCarville (16) meas- 
ured the kinetics of dissociation of six substrates (VI- 
XI) from the enzyme and tried to deduce additional 


Ome — CH, 
(CH;),N *CH;CH.N 
CH, — CH; 
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CH, — CH, 
CH, — CH; 
(IX) 
 (CH;)sN*CH:CH;Cl 
(X) (XI) 


information about the enzyme surface. The assump- 
tion was made that the quaternary ammonium nitro- 
gen of (VI), (VII), (X), and (XI) rather than the ter- 
tiary nitrogen would serve as point of attachment to 
the anionic site of the enzyme. The tertiary heterc- 
cyclic nitrogen atoms in (VI), (VII), (VIII), and (IX), 
the dimethylamino nitrogen in (X), and the chlorine 
atom in (XI) may be regarded as highly localized 
sources of electron density which should satisfy the re- 
quirements of the esteratic site of the enzyme. 

Measurements of the basicity constants (K,) of (V1) 
and (VII) indicated about 25 per cent higher basicity, 
i. e., electron localization, for (VII). The dissociation 
constant for AChE and (VI) was 2.3 X 10-8, for AChE 
and (VII) 1.6 X 10-*. Thus, (VII) is the more effec- 
tive inhibitor of the two. Since the nitrogen of the 
piperidino compound (VII) takes up less space than that 
of the pyrrolidino derivative (VI) it may be concluded 
that the esteratic site is a cavitation of the enzyme 
surface which can accommodate the narrower piperi- 
dino nitrogen better than the wider pyrrolidino nitro- 
gen. However, the additional mass and shape of the 
piperidine ring may also influence the reaction. 

Comparisons between the quaternary compound (VI) 
and the ditertiary amine (VIII) (and by the same 
token between (VII) and (LX)) showed that a quater- 
nary nitrogen is not necessary to face the anionic site 
since (VIII) and (IX) are still much more potent 
inhibitors of AChE than prostigmine, although from 
two to four times weaker than (VI) and (VII), respec- 
tively. The simpler compound (X) is still about twice 
as effective as prostigmine, even though its activity has 
dropped to 3.5 times below (VI), and 5.2 times below 
(VII). Even §-trimethylammoniumethy! chloride is 
still 25 per cent more potent than prostigmine although 
less inhibitory than physostigmine. 

Further evidence for the presence and nature of the 
two reactive sites in AChE was deduced by studying 
the reactivation of the highly inhibited enzyme with 
hydroxylamine derivatives (17, 18). The esteratic 
site (H—G:) was inhibited with dialkyl fluorophos- 
phates, (RO)2P(O)F. The dialkyl phosphory! group re- 
places the acidic hydrogen of the receptor, attaching it- 
self to the basic position, :G. 


H—G: + (RO),P(O)F—:GP(O) (OR). + HF 


The dialkyl phosphoryl group (RO):P(O) should be 
removable from the enzyme site, G, by means of a bi- 
molecular nucleophilic displacement reaction, and the 
enzyme could thus be reactivated. This can be ac- 
complished by such nucleophilic reagents as hydroxyl- 
amine if the alkyls are methyl or ethyl, but for the 
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larger, more hindered diisopropyl phosphoryl group, 
displacement is much less likely. However, in the 
dialkyl phosphorylated enzyme, the anionic site can still 
bind ammonium structures although only with one- 
sixtieth the affinity of the normal enzyme. These two 
features, an ammonium group and a_ nucleophilic 
—NOH function, have been combined in quaternary 
salts of several hydroxamic acids and oximes in the 
pyridine series (19), especially 2-pyridinealdoxime me- 
thiodide (XII). This compound can attach itself to 


I--H,C+N 


the anionic site of the enzyme by means of its quater- 
nary ammonium group, and this gives the —NOH func- 
tion, placed and held at approximately the right dis- 
tance, the opportunity to dephosphorylate the enzyme 
(20). 

:GP(O) (OR). + P(O) (OR), + OH- 


(XII) + HG*P(O) (OR)+H—G: +CHN 
éH—NoP(O) (OR): 


The hydrogen ion needed to restore the H—G* 
function must come from the solvent since methyl- 
pyridinium ions cannot supply it. In practice, acetyl- 
cholinesterase is reactivated effectively after being 
severely inhibited by dialkyl fluorophosphates. The 
vast difference in rate of reactivation between samples 
inhibited by the reagents where R is ethyl versus iso- 
propyl has been attributed to steric hindrance exerted 
by the isopropyl groups; they shield the near-by anionic 
site from the approaching reactivator. 

Although the interaction of the detoxifying enzyme, 
AChE, and its substrates and inhibitors has thus been 
clarified in part, nothing is known about the reaction 
mechanism of acetylcholine with the other three pro- 
teins with which it can react directly. They are the 
enzyme choline acetylase at which it may be fortned 
from choline and S-acetyl coenzyme-A, the storage pro- 
tein where acetylcholine is kept in a bound inactive 
state, and the all-important receptor protein, presum- 
ably the same at nerve endings and synapses in many 
locations in the body. According to Nachmansohn 
(21) acetylcholine is involved in altering the permea- 
bility of the membrane of nerve cells for and during 
conduction of an electrical impulse which in turn is 
caused by a sudden influx of sodium ions into the cell 
from its environment, and an outflow of potassium ions 
in the opposite direction. It has been postulated that 
the hormone unfolds the proteinogenous receptor, so 
that carboxyl groups face each other in the matrix and 
alkali ions can pass by rapidly. Although this is only 
one of several hypothetical explanations, it under- 
scores the possibility that a drug may react with several 
proteins or enzymes by diverse mechanisms due to dif- 
ferent shapes of their reactive surfaces. 

Few other enzymes whose coenzymes are not known 
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have been analyzed by the method of substrate speci- 


of eight animal and plant phosphatases which did not 
hydrolyze nine simple trialkyl and triaryl phosphates. 
Dialky] phosphates could be hydrolyzed slowly by these 
enzymes, monalkyl phosphates more rapidly. To ex- 
plain this behavior, one can postulate the need of a 
bond between acidic groups of the substrate ester and 
the enzyme for interaction. If the alkyl or aryl groups 
of a triester contain polar groups (NOs, choline), enzy- 
matic cleavage becomes possible (22). 

Steric fitting of drugs to receptor sites at which co- 
enzymes act is more readily accomplished by imitating 
the structure of the coenzyme, or arranging some of its 
functional features suitably spaced in the new molecule. 
The drug may act like the coenzyme, or as its struc- 
turally inhibitory antagonist. These activities may 
overlap in the same cell system under different condi- 
tions, or may depend on the species. The same 
reasoning may be applied to all enzymatic substrates 
and all the primary and intermediary products of amino 
acid, carbohydrate and fat metabolism, vitamins, and 
hormones. It applies also to all artificial replicas of 
known drugs by whatever route they have been dis- 
covered. As an example for this postulate, a readily 
appreciated antagonism of cytotoxic agents may be 
given. Alloxan (XIII) is a specific toxic drug for the 
insulinogenic Islets of Langerhans, and has been used to 
induce experimental diabetes in laboratory animals. 
Pretreatment with barbituric acid (XIV) _ protects 
animals from the diabetogenic effects of alloxan (23). 
It should be noted that no structural analogue of these 
compounds is known which is needed for the normal 
metabolic function of the islet tissue. 


AS 
(XIII) (XIV) 


The function of metallic ions in bonding a compound 
to an enzyme surface may explain the observation that 
compounds which are capable of chelating metals are 
usually more biologically active in their presence, or 
even become active only if metallic ions are available. 
Erlenmeyer (24) believes that these compounds enter 
into the coordination sphere of the metal ions of enzymes 
and there occupy those locations at which normally 
some similar metabolite molecule is admitted. The 
similarity of substrate and antagonist may thus be a 
coordination similarity. 

Some interesting observations may amplify this rela- 
tionship. Certain strains of tubercle bacilli which are 
originally sensitive to inhibition by isoniazid may de- 
velop resistance to this drug after exposure for from 16 
to 21 days. Addition of cupric ions restores the original 
sensitivity to a large extent although cupric ions alone 
are not bacteriostatic. Apparently, isoniazid becomes 


ficity. A typical experiment in this direction is a study , 
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more tuberculostatic in the presence of cupric ions 
A different situation exists for 8-hydroxyquinoxaline: 
this compound is not tuberculostatic but becomes highly 
so on addition of 5 X 10-* molar cupric ion solutions 
However, when 8-hydroxyquinoxaline is added to ay 
isoniazid-resistant culture, the activity of isoniazid js 
restored. 

The explanation of this phenomenon may be that 
both isoniazid and 8-hydroxyquinoxaline are needed 
to displace metabolites from the coordinationsphere of 
metal ions of some enzyme system essential for the 
tubercle bacilli. 

Another recent example of the effect of metallic ions 
concerns the ability of mitochondria to catalyze the 
oxidation of metabolites of the carbohydrate utilization 
cycles. They participate in these oxidation processes 
only as long as they retain their compact structure but 
lose this ability when they swell. The swelling can be 
inhibited by ATP, probably by complexing disturbing 
calcium ions. Ethylenediaminetetraacetic acid and 
other chelating agents also inhibit the swelling of liver 
cell mitochondria and enhance their oxygen consump- 
tion (25). A nontoxic chelating agent can replace an 
ATP function in this case. 

One may even be tempted to forecast the key en- 
zymes under attack by certain drugs, if activation of 
the drug by metallic ions has become known. The 
natural tetracycline antibiotics have a pronounced 
affinity for various metallic ions but their activity 
against bacterial enzymes is suppressed most markedly 
by magnesium and/or iron ions. These cations are 
most often essential for many microbial metal-requiring 
enzymes. One can conclude that those ions suppressing 
antibiotic activity must be of greatest importance to the 
bacterial enzymes affected (26). 

Metallic ions may affect the metabolism of acids, salts, 
and other metallic ions. Ascorbic acid autoxidizes 
much faster than usual in the presence of cupric ions; 
here the mechanism of autoxidation is altered because 
in the presence of copper the mono-anion is rate-deter- 
mining while this species plays a minor role if cupric 
ions are absent (//). Plasma copper, which occurs to 
the greatest part in a-globulin, has been shown to mo- 
bilize iron from tissues, causing an increase in plasma 
iron. Copper deficiency actually impairs utilization 
of iron in the biosynthesis of hemine (27). The most 
important effect of metallic ions, however, and prob- 
ably of nonmetallic and even organic ions capable of 
chelation, is their shape-determining function {or 
polypeptides and proteins. The twisting and folding 
polypeptide chains are stabilized in definite spatial 
matrixes which stamp them as enzymatic and antigenic 
entities. The recognized need of many biologically 
specific enzymes for metallic ions supports this view 
(9, 28). 


BIOISOSTERISM 


In restricted series of closely related compounds, 
careful structural manipulation often emphasizes one 
biological property at the expense of side actions or 
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vice versa. This can be done by slight alterations of 
the carbon skeleton, changes in functional groups, mask- 
ing or unmasking of polar groups, steric alterations, etc. 
Studies in this field, with emphasis on spatial relations, 
have been headed bioisosterism. 

The term isosterism had been coined originally to 
express the similarity of physical properties of simple 
molecules such as carbon monoxide and nitrogen. It 
was then expanded to larger molecules whose peripheral 
layers of electrons can be considered identical (29). 
Compounds differing only by one characteristic group 
chosen on the basis of the so-called hydride displacement 
rule have been compared most often. Grimm had shown 
that the combination of an element in the first period 
of the periodic system with one atom of hydrogen leads 
to a group similar to the element one position to the left 
in over-all behavior (“‘pseudoatoms’’). Thus, CH is 
equivalent to N, CH to O or NH, ete. If such groups 
appear in otherwise structurally similar molecules, the 
respective compounds often exhibit similar biological 
properties. Indeed, many of their physical properties 
are similar, too, except for solvolytic and dipole char- 
acteristics. 

A further extension of this concept was achieved by 
comparison of aromatic systems such as benzene and 
thiophene, or pyridine and thiazole in which one sulfur 
atom takes the place of a resonating —CH=CH— 
group. The parent systems themselves, and many 
comparable derivatives in these series, show a striking 
similarity of many important physical properties. 
They also overlap considerably in their effects on the 
same enzyme systems. Thus _thiazole-5-carboxylic 
acid exhibits niacin-like behavior, and the thiophene 
nucleus may replace benzene in many compounds with- 
out radical change in biological properties. An 
example for the application of these ideas may be seen 
in the field of antihistaminic and antispasmodic drugs, 
for which the general formula: 


A 
Y—(CH2)2-sZ 
B 


has been derived. Here A and B usually stand for 
cyclic systems such as benzene, thiophene, furan, thi- 
azole, pyridine, etc.; Y is —CH—, —N—, or —O—; 
and Z is an aliphatic cr simple cyclic tertiary amino 
group (often —N(CH;)2) or quaternary ammonium 
function. Such type: formulas have been constructed 
for central nervous system depressants (sedatives, 
hypnoties, anticonvulsants, ataractics), for cholinergic 
and anticholinergic drugs, for adrenergic and sympath- 
olytie agents, and for various other drugs. 

Type formulas emphasize primarily the importance 
of similarity of molecular size and shape as a guide in 
recognizing potentially similar or antagonistic biological 
action in related structures. They also usually take 


into account similar locations of high and low electron 
densities expressed by suitable functional groups (ester, 
halide, amide, etc.). If this aspect of molecular struc- 


ture is considered important, the field of isosterism is 
widened considerably. For example, ethyl 1-methyl-4- 
phenylpiperidine-4-carboxylate (XV) is very similar as 
an analgesic and antispasmodic to its isomer, 1-methyl- 
4-phenyl-4-piperidinol propionate (XVI) although the 


< 
H; 
O 
(XV) (XVI) 


ester functions have been exchanged, and hydrolysis 
yields entirely different products (30). Similarly, 
crotonobetaine, pos- 
sesses cholinergic activity of the same order as acetyl- 
choline although the cationic head is located in the 
acid moiety (3/), and replacement of the acetate ester 
group in the anticholinergic diethylaminoethyl di- 
phenylacetate methiodide (XVII) by a phosphinate 
ester in diethylaminoethyl diphenylphosphinate meth- 
iodide (XVIII) yields a compound with typical anti- 
cholinergic properties (32). 
(XVII) 
*(CH;)(C2H; )e- (XVIII) 


Position isomers, compounds containing different 
halogens or other groups of equivalent character, pro- 
vide additional examples of bioisosteres. The high 
thyromimetic potency of 3,3’-diiodo-5-bromothyronine 
(XIX) which compares favorably with that of 3,3’,5- 
triiodothyronine (XX) may be mentioned here (33). 


I I 
NH: 
(XIX): R = Br 
(XX): R=I 


Bases with different heterocyclic amino groups (VI-LX) 
have been compared above. Such compounds must 
have similar molecular weights, over-all electrical fields, 
and above all reasonably similar molecular shapes. 
One cannot expect that two substances differing even 
by minor structural alterations only will exert exactly 
the same biological activities on critical examination. 
However, if one can achieve a gradual change of bi- 
ological behavior and follow it accurately at each step 
of minor structural alteration, one is bound to enhance 
one property, suppress another, and ultimately arrive 
at a drug suitable for therapy. Shortcuts to this dis- 
concertingly tedious process have not been found, and 
this is probably responsible for the still prevailing 


‘opinion that new useful drugs will be discovered most 


easily by more or less empirical procedures. 

An interesting observation about the effect of one 
ether oxygen atom (34) has been made by Friedman. 
The table gives a few examples which show that omis- 
sion of an ether oxygen changes biological activity much 
less than replacement by an isosteric methylene group. 
This anomalous behavior is not readily explained. In 


. > | 
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the case of methonium ions (examples 3-5 in the table) 


where the distance for a linear molecule at maximum . 


extension appears to determine the extent of depolariz- 
ing activity in nervous structures, the activity of the 
ether structures implies that they are not maximally 
extended. It may be that the unshared electrons on 
the oxygen atoms of these compounds exert an attrac- 
tion on the cationic centers two carbon atoms away. 
Example 8 illustrates the experience that morpholino 
derivatives are generally less active than the corre- 
sponding piperidino or diethylamino compounds. 

Similar biological activities in the same range of 
potency are not infrequently found in ketones (RCOR’) 
and the corresponding esters (RCO.R’), while the ho- 
mologous ketones (RCOCH:2R’) differ quantitatively in 
pharmacological behavior. Attempts to test this effect 
of omitting oxygen from phosphonic acid analogues of 
metabolically active carbohydrate phosphoric acids 
have remained inconclusive (34). 


OUTLOOK 


In designing a drug structure, the application of the 
observations on biological antagonism offer the best 
hope of rational success. If a proposed structure is 
analogous to that of an essential metabolite, one expects 
that the relative specificity of the agent will provide 
specificity of action, that is, low toxicity. If the drug 
were used in toxic concentrations, the metabolite would 
be available immediately as a specific antidote. De- 
tails of designing an antimetabolite are still obscured by 


JOURNAL OF CHEMICAL EDUCATION 


usually been discovered only after the over-all action of 
the drug has been recognized and its importance war- 
ranted a detailed biochemical inhibition analysis. In 
only few cases has planning on biochemical grounds 
terminated in the successful choice of a useful, selec. 
tively toxic drug without considerable additional struc- 
tural variation. Although many isotopically labeled 
metabolites have been prepared for study of cellular 
metabolism, the essential requirements of most. cell 
species and especially their minimum biosynthetic 
ability remains obscure. 

The role of pyridoxal antagonists (43) offers an in- 
structive example of the difficulties confronting bio- 
chemical planning of drug stucture. Pyridoxal-5-phos- 
phoric acid is the coenzyme of at least five amino acid 
decarboxylases and transaminases, and is associated 
with certain reactions of purines, the cleavage of thio- 
ethers, and several other reactions (44, 45). The simple 
structure of the vitamin has made possible wide struc- 
tural variation with the hope of attaining a pyridoxal 
antagonist which, at least in the microbiological field, 
might be chemotherapeutically interesting. Among 
the many analogous compounds tested, some (X XI and 
XXII) compete with pyridoxal for ATP in the forma- 
tion of pyridoxal-5-phosphoric acid, while others 
(XXIII and XXIV) compete with pyridoxal-5-phos- 
phoric acid for a catalytic site at the apoenzyme. The 
best-studied antagonist, deoxypyridoxine (XXII), pro- 
duces typical vitamin Bg deficiency, and in biochemical 
experiments undoubtedly antagonizes the vitamin. 


unknown variations in the accessibility of receptor sites, Ny 
Interf 
and the possibility exists that receptors for the same ( me — sstssacathl 
substrate may vary slightly in different anatomical loca- HOCH:\ OH (XXI), (XXII) 
tions. Finally, a polyfunctional antimetabolite could CHO 
affect different enzyme systems. Slight stereochemical OH N NCH; _ Interference by 
or structural changes may alter considerably the bi- | ¥ : —> Enzyme 
ological role of a compound. Patient variation of at O=POCHA YOH (XXIII), (XXIV) 
least a reasonable number of structures is still the only OH HO 
answer to this question. 
A drug may also interfere with biosynthetic steps ( — | . 
leading to a substrate, either by inhibiting an enzyme H:NCHA_/NH: HOCH 0H 
unspecifically or by competing for it with a synthetic CH.CH.OCH; CH, 
intermediate. The point and mode of interference has (XXI) (XXII) 
Comparison of Ether and Nonether Structures (34) j 
No. Compound (reference) Test Xx =O X = CH, X absent 
1 p-HOC,H,OCH:CH2XC.H; (36) Phenol coefficient 5.0 125 9.0 
versus Staph. aureus 
2 o-C,.H;XC;sH,;OCH,CHOHCH,OH (37) EDs. mg./kg. for mus- 1.4 5.8 1.8 
cular paralysis 
3 *+(CH3;); (38) Ganglionic blockade 10% 100% 33% 
4 [p-(C2Hs)3N +CH.CH2X 389 Curaremimetic activity 100% 
5 (CH;);N *(CHs); Curaremimetic PD%, 
(40) micromoles/kg. 
n=1 91 1.5 60 
2 50 0.25 61 
4 0.3 0.01 0.25 
6 2-Imidazolyl-CHXC,H; (41) Effect on blood pres- Pressor Weak de- Strong de- 
sure pressor pressor 
7 C.H;XCH.CH:NH. (42) Effect on blood pres- Depressor Weak de- Strong de- 
sure pressor pressor 
8 Antihistaminic, anti- Low ac- Higher ac- Higher ac- 
spasmodic activity tivity tivity tivity 
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oH; H; 

HOCH HOCHA 

H.OH 
(XXTT) (XXIV) 


But if animals receive a vitamin Bg deficient diet plus 
deoxypyridoxine, a confusing picture develops: the 
tissues are not depleted of vitamin Bg in the early stages 
of the experiment, and the activity of pyridoxal-5- 
phosphoric acid-catalyzed enzymes remains essentially 
unaltered. Obviously, some reaction not yet recognized 
deeply affects the relation of vitamin and antagonist. 

As the biochemist will reveal additional mechanisms 
of syntheses in cells and tissues, both in vitro and in the 
untold more complex and interlacing in vivo environ- 
ment, more intelligent guesses concerning specific 
antagonistic structures will become possible. Modest 
initial suecesses of bona fide planning of reasonably 
useful drugs on the basis of information about metabo- 
lites have been scored with antagonists of pteroylglu- 
tamic acid, 7. e., Aminopterin and Methotrexate which 
have been used to prolong life in leukemia patients (46). 
The sparsity of such practical results does not mean that 
planning based on metabolite antagonism has not been 
highly informative. Inhibition of virtually every 
enzyme system involved and production of many ex- 
perimental metabolite deficiencies has been realized 
with structurally inhibitory analogues of diverse me- 
tabolites. Finally, when an experimental drug has been 
recognized as an antagonist of a given metabolite by 
biochemical experiments, a few and often slight struc- 
tural modifications have led to therapeutically useful 
agents. This has been the case for the antileukemia 
drug, 6-mercaptopurine, which inhibits incorporation of 
normal metabolic purines into nucleotides (47), and 
thus retards malignancies. The tuberculostatic p- 
aminosalicylic acid was developed as an antagonist to 
salicylic and p-aminobenzoic acids which stimulate cer- 
tain essential functions of acid-fast bacilli. Many use- 
ful anticholinergic drugs have been designed to contain 
choline-like moieties as well as groups which by their 
bulk would hinder the approach of acetylcholine to the 
slightly blocked receptor site. 

In some cases the contorted polycyclic or polyfunc- 
tional structure of a chance drug presents almost. in- 
superable obstacles to rationally interpreting it as a 
metabolite antagonist. This is the case for the mor- 
phine alkaloids for which antagonistic metabolites are 
not yet known although cholinergic and adrenergic 
“moieties” can be scanned in their molecules. The 
structures of the tranquilizing drug, reserpine, and of 
the halucinant, lysergic acid diethylamide, contain 
indolylethylamine fragments, and these compounds 
have been shown to influence the metabolic pathways 
of the tissue constituent, 5-hydroxytryptamine. How- 
ever, the complexity of their structures would not have 
encouraged anyone to predict this relationship if the 
action of these drugs on the central nervous system had 
not already been known. 

The ability of lysergic acid diethylamide to produce 
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disorders resembling those seen in schizophrenia has 
tempted some investigators to postulate that complex 
indole derivatives, perhaps a faulty metabolite of 5-hy- 
droxytryptamine or of adrenochrome, might be the 
natural etiological agents of the disease (48). While this 
idea still lacks experimental basis, it introduces the 
thought that naturally occurring antimetabolites may 
cause physiological disorders. This is really only a new 
version of the long-known observation that toxic prod- 
ucts arising or remaining in the body by metabolic 
aberrations cause symptoms associated with various 
disorders. A chemically plausible example in the field 
of plant diseases has been given for the extracellular 
toxin of the pathogenic bacterium, Pseudomonas tabaci, 
which causes wildfire disease of tobacco and certain 
other crops (49). The toxin (XXV) antagonizes 
methionine, although not in tobacco, but in the unicel- 
lular algae, Chlorella vulgaris. The toxic effects of a 
synthetic derivative of methionine, methionine sul- 
foximine (XXVI) can also be overcome by methionine, 
and (XXVI) in turn can produce the typical lesions of 
wildfire disease on tobacco leaves. 


O 
| 
NH: NH ‘O NH: NH 
(XXV) (XXVI) 


For years, vitamins, essential fatty acids, and indis- 
pensable amino acids have been added to the diet or 
administered therapeutically to abolish or prevent defi- 
ciency symptoms associated with the metabolic lack of 
these compounds. It appears now that, at least in 
some cases, the mechanism of action of these substances 
may be the cancellation of toxic effects of natural an- 
tagonists to which some symptoms of disease can be 
attributed. Since metabolites balance each other’s 
action in a natural chemical trend toward homeostasis, 
checking a pathogenic chemical within the body should 
be most effective by a combination of essential metabo- 
lites. One of the tasks of medicinal chemistry is there- 
fore to round out the knowledge of such essential sub- 
stances and to make them available, singly and in com- 
bination, for therapeutic use. 
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APPROXIMATELY two years ago the old incandescent 
lighting systems in the chemical laboratories at Newark 
College of Engineering were replaced by new and 
bright daylight fluorescent lighting, so arranged that 
the working space of all students, even those in the 
back corners, is completely illuminated. 

In the analytical laboratory this removed the 
“classical” student alibi that he could not see the end 
point properly, but introduced a new and unexpected 
error. The new fluorescent lights decomposed AgCi 
precipitates with production of the well-known purple 
color. It also developed that this is a definite hazard 
for students in the Mohr’s and Fajan’s titrations for 
chloride, since the student has a tendency to titrate more 
slowly than is necessary. As a result, the end point, 
particularly in the Fajan’s method, is obscured since 
its detection depends upon the adsorption of the in- 
dicator on AgCl. The silver produced by photo- 
chemical reduction presents an unsatisfactory sur- 
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INTRODUCTION 


John H. Perry? once raised the question, “Of what use 
would a knowledge of the past practices and achieve- 
ments and detailed historical survey of chemical en- 
gineering be?”” Perry questioned whether such a study 
would only provide interesting or light reading and 
whether the reader would get a “return on his invest- 
ment” that was “‘attractive”’ in relation to the time and 
effort spent in such pursuits. 

Details of past discoveries may not be of direct value 
to the specialists in a given field, but it is unquestionable 
that if all prior developments had been more widely 


knowledge of the history of'the chemical profession, for 
example, most certainly serves as a guide and stimulant 
to the imaginative professional person. The physician 
relies on clinical records, the lawyer on legal precedent, 
the militarist, astronomer, and mathematician all rely 
to a varying extent on historical records—why then 
should not the chemical engineer or chemist do likewise? 


NATURAL CRYSTALLIZATION PROCESSES 


The art of crystallization extends back in history as 
far as the writings of man. Since the natural processes 
were, of course, the first known instances of crystalliza- 
tion phenomena it is impossible to determine with any 
exactness when these processes first became man- 
directed. With the exception of evaporation, the oldest 
chemical engineerng unit operation is undoubtedly that 
of crystallization, because in many instances crystalliza- 
tion is the direct result of evaporation. The evapora- 
tion of naturally occurring solutions, such as sea water 
and natural brines, is generally considered to be the 
oldest unit operation; it is inevitable that crystals were 
formed, intentionally or unintentionally, in such proc- 
esses. 


BEGINNINGS OF MAN-DIRECTED CRYSTALLIZATION 


Man has used salt in his food since the earliest re- 
corded history, and while a great deal of such salt was 
obtained from natural salt deposits, a very large amount 
Was obtained, even in the very early days, by an artifi- 
cial crystallization operation. Even today in very cold 
climates such as in the region of the White Sea in Siberia, 
common salt is still manufactured by first concentrating 
sea water by the removal of part of the water by freez- 
ing. After two crops of ice have been removed, the 


' Present address: Colgate Palmolive Company, Jersey City, 
New Jersey. 
? Perry, J. H., Chem. & Met. Eng., 42, 196 (1935). 


known progress would have been more rapid. A. 


THE EARLY HISTORY OF CRYSTALLIZATION 


HERBERT M. SCHOEN, C. S. GROVE, JR., and 
JOSEPH A. PALERMO! 


Syracuse University, Syracuse, New York 


resulting brine is then evaporated over a fire until the 
salt crystals start to separate from the liquid 

According to Caldwell, “‘an old Chinese print of 2700 
B.c. shows the use of artificial evaporation and crystal- 
lization in the production of salt. At some unrecorded 
date, the device of introducing twigs or strings into the 
mother-liquor to collect the crystals and hold them off 
the bottom, was introduced, as has been shown by 
Agricola (1556). In any event, these early crystalliza- 
tion methods made use of shallow open tanks, air cool- 
ing of the surface, and batch operation.” 

We are indebted to Pliny’s “Naturalis Historia” for 
records of some of the early efforts and practices of man- 
controlled brine evaporation and salt crystallization 
processes. He states that salt was secured in various, 
but closely related, methods in the civilization centers 
of his time. 


Of artificial salt there are several kinds; the common salt, and 
the most abundant, being made from sea-water drained into salt- 
pans, and accompanied by streams of fresh water; but it is rain 
more particularly, and above all things, the sun, that aids in its 
formation; indeed without the last it would never dry....In 
Crete, however, salt is made without the aid of fresh water, and 
merely by introducing sea-water into the salt-pans. On the 
shores of Egypt, salt is formed by the overflow of the sea upon the 
land, already prepared for its reception, in my opinion, by the 
emanations of the river Nilus. It is made here also from the 
water of certain wells, discharged into salt pans....In Cappa- 
docia, also, both well and spring water are introduced into the 


salt pans. In Chaonia there is a spring, from the waters of 
3 CALDWELL, H. B., Chem. & Met. Eng., 42, 213 (1935). 


Solar Evaporation on the River Nile. Woodcut from Georgius 
‘‘De re metallica’’ (1556) 
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Photo courtesy W. L. Badger (Ann Arbor, Michigan) 


Crystallization Equipment from Diderot and D’Alembert’s Encyclo- 
pedie, ‘Ou Dicti ire Rai des Sci des Artes, des Matiers, 
par un Societe de Gens de Lettres’’ (Paris, 1752-80) * 


which, when boiled and left to cool, there is an inert salt obtained, 
not so white as ordinary salt. 


In Egypt, according to the “Papyrus Ebers”’ (about 
1500 B.c.) the solar evaporation and crystallization of 
sea water that has been allowed to flow into enclosed 
basins at the sea shore was carried out. It was not 


until sometime after 327 B.c. that sugar-cane juice was 


Photo courtesy H. Amaro (Sal Tejo Lda., Lisbon, Portugal) 


The Ancient Art of Salt Production by Solar Evaporation, as 
Practiced in Portugal Today 
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first crystallized by householders who evaporated th 
juice for making preserves. The sweet crystals that 
separated out gave the early people of India their firs 
ideas of sugar making. In 55 B.c., at the time of the 
invasion, Julius Caesar stated that the inhabitants 
Cheshire, England, manufactured common salt by pour 
ing brine over charcoal faggots and scraping off the 
crust as it formed. During this first invasion period, 
the Romans taught the English the open-pan proces 
of evaporating brine and producing salt. : 

At the beginning of the seventh century Isodoru 
stated that the evaporation of sea water and the 
crystallization of salt from the resulting brine by mean 
of solar evaporation of sea water and the crystallization 
of salt from the resulting brine by means of solar evap- 
oration was known and practiced extensively at. that 
time. The Arabian, Avicenna (980-1037), in his book 
“Cannon of Medicine” writes of the solidification of 
aqueous solutions, not by cold alone, on the contrary 
by the action of dryness, which converts the wateriness 
to earthiness. 

Some 400 years later Birringuccio, in his ‘Piro- 
technia,’”’ wrote in great detail on the nature of saltpeter 
and the method followed in making it. 
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A furnace is made with one or two large copper kettles like 
those used in dyeing, bricked in at the top. These are filled 
two-thirds full with the saltpetery water as saturated as possible. 
It is boiled very slowly until it is reduced to about a third. Then 
it is removed and put to settle in a large covered vat ... when the 
water has settled and is very clear, an earthy thick sediment, that 
it contained is removed, and it is put to boil again ... until the 
fine watery parts evaporate and the salt petery parts became 
thick that the water congeals when taken out and put in chests 
or vats to cool ... having tested this water and seen that it is 
reduced to the point where it congeals, take it out and put it in 
vessels of wood or rough ones of earthenware that are crossed 
inside with some sticks of wood for congealing on. Let it cool 
and rest well for three or four days. 


Although the language is somewhat strange to us, the 
tools and techniques bear close resemblance to some of 
our present-day methods. 

The importance of salt to man was evidenced by 
Paracelcus; he states that ‘“God has driven man to such 
a pitch of necessity and want that he is unable to live 
in any way without salt, but has most urgent need 
thereof for his food and eatables.” The great impor- 
tance of salt was also recorded in the words of Agricola in 
his “De re Metallica”’: 


The history of salt making in salt pans, from sea water or salt 
springs goes further back than human records. From an his 
torical point of view the real interest attached to salt lies in the 
bearing which localities rich in either natural salt or salt springs, 
have had upon the human race. Many ancient trade routes 
have been due to them, and innumerable battles have been fought 
for their possession. Salt has, at times, served for currency and 
during many centuries in nearly every country has served :s 4 
basis for taxation. 


Although this brief account of the early efforts of man 
in the art of crystallization does not reveal to us any- 
thing of practical value regarding processes of today, it 
lays the groundwork upon which the modern-day prac 
tices are built. If nothing else it creates in us a feeling 
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or the antiguity of the art and perhaps gives us some 
nsight into the extent and importance of crystalliza- 
jon on man in earlier times. 


ATER DEVELOPMENTS IN THE ART 


The history of crystallization is closely interwoven 
vith the study of the crystals themselves. It was 
hrough a familiarization of crystals, their forms, and 
mature that man was able to apply his knowledge to a 
practical end and develop more satisfactory processes for 
id th producing them. It is with this thought in mind that 

‘ we feel the necessity of reporting on some of the 
coal pertinent advances in both of these closely related 
evap fields. 
2 tes Any attempt to subdivide the history of these fields 

book into chronological divisions is, of course, quite arbitrary. 
“tenes We may say, however, that the first important step in 
oneal the study of crystals was that of Nicholas Steno. 
satel Steno, a famous Dutch physician and afterwards a 
Bishop of Titiopolis, gave in his treatise ‘“‘De Solido 
Intra Solidum Naturaliter Conterito” (1669) his 
observations on quartz crystals. L. J. Spencer, of 
the British Museum, states in the Encyclopedia Brit- 
tanica, “He [Steno] found that although the faces of 
different crystals vary considerably in shape and 
relative size, yet the angles between similar pairs of 
faces are always the same. He further pointed out that 
hen the the crystals must have grown in a liquid by the additions 
nt, thatfJof layers of material upon the faces of nucleus .... 
ntil the The thickness of the layers, though the same over 
pre each face was not necessarily the same on different 
oe a faces, but. depended on the position of the faces with 
ut it inrespect to the surrounding liquid; hence the faces of 
crossed § the crystal, though variable in shape of size, remained 
it cool & parallel to those of the nucleus, and the angles between 
constant.”” We now know this as the first law of 
crystallography. 

At about the same time, Robert Boyle in his “Origins 
of Forms and Qualities” noted that the habit of a 
crystal may be altered when formed in a liquid that 
contains other salts in solution, thereby laying the 
groundwork for “crystallization-additives” or “habit 
modification.”” He stated that ‘‘Not withstanding the 
regular and exquisite figures of some salts, they may, 
by the addition of other bodies, be brought to con- 
stitute crystals of very different yet curious shapes.” 
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In the seventeenth century Anton Van Leeuwenhoek 
studied with the microscope a very large number of 
crystalline materials and also studied their formation 
and growth. At this early period of technical and 
scientific knowledge it is interesting to note that he 
believed, by analogy, that the cubic crystals of salt 
were composed of minute cubic crystals, and these in 
turn were composed of still smaller ones. 

M. A. Cappellers’ “Prodromus Crystallographiae”’ 
written in 1723 was the earliest treatise on crystallog- 
raphy. A few years later, C. Linnaeus described 
about 40 common forms of crystals among minerals in 
“Systema Naturae.” No real advances were made 
in the field until the end of the eighteenth century 
when J. B. L. Rome de I’Lisle and Haiiy published their 
works. 

It was the work of Rome de I’ Lisle and Haiiy’s law of 
rational indicies that laid the foundations of crystallog- 
raphy. It is at the end of the eighteenth century and 
the beginning of the nineteenth that we begin to see a 
transition from the art to the science. Although we 
must remember that, even today the transition is not 
complete. Many of the theories that have been de- 
veloped have yet to find their fullest application in 
modern-day crystallization technology. 


Crystallization by Evaporation. Woodcut from Georgius Agricola’s 
re metallica’’ (1556) 
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THIRD LIGNIN ROUND TABLE AT THE INSTITUTE OF PAPER CHEMISTRY 


Tue Fundamental Research Committee of the Technical Association of the Pulp and Paper In- 
dustry and the Committee on the Chemistry of Plant Products of the National Research Council 
are jointly sponsoring the Third Lignin Round Table at The Institute of Paper Chemistry, Apple- 
ton, Wisconsin, September 24, 25, and 26, 1956. The subject of the Round Table will be “The 
Biochemistry of Lignin’”’ with emphasis on the formation of lignin. The program chairman is Dr. 
Roland E. Kremers of The Institute of Paper Chemistry, a member of the National Research 


Questions dealing with registration, accommodations, transportation, etc., should be directed to 
Dr. Harry F. Lewis, Chairman of the Fundamental Research Committee of TAPPI and Vice-presi- 
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THE COORDINATE BOND AND THE NATURE 
OF COMPLEX INORGANIC COMPOUNDS' 


Tur pedagogy of complex inorganic compounds is all 
too often quite haphazard both at the undergraduate 
level and in more advanced classes. At the student’s 
first encounter with complexes, he is usually told about 
the coordinate covalent bond as an electron-pair bond 
and then given a few examples to illustrate its particular 
nature. He then hears little about these substances ex- 
cept perhaps in conjunction with qualitative analysis 
where they are treated mainly in discussions of equi- 
libria. At the advanced level, the stereochemistry of 
complex inorganic compounds is usually presented ef- 
fectively in terms of the atomic orbital theory (as that 
theory was summarized by Pauling several years ago). 
Several excellent reference sources exist to equip the 
teacher for his lectures on stereochemistry. However, 
the teacher does not have at his disposal sithilarly ade- 
quate sources which provide an integrated picture of the 
bond types encountered in these substances and serve 
to account for the existence of complex compounds 
of greatly varied properties. In consequence, such 
topics as bond type, stability, and relative reactivity are 
often inadequately explained or not explained at all in 
the classroom. The author feels that a higher degree of 
order exists among these compounds than is apparent 
from the secondary literature references most often con- 
sulted by teacher and student. 

Even before the inception of modern valence theory, 
it was realized that complex inorganic compounds posed 
a special problem. The very nature of these compounds 
would prevent their being anticipated in terms of the 
most general theories of valence, for they are usually 
formed as a result of the combining of molecules or the 
ions of salts which are capable of independent existence, 
as is shown by the equation: 


NiCl, + 6NH; — 


To the early investigators, such behavior presented 
troublesome exceptions to the otherwise consistent 
combining capacities of the atoms involved. Obviously, 
in the case just cited, either the nickel or chlorine atom 
has assumed a new valence (other than that encoun- 
tered in simple salts) and also either the nitrogen or the 
hydrogen has assumed a new valence. 


1 Presented before the Division of Chemical Education at 
the 128th Meeting of the American Chemical Society, Minneapo- 
lis, September, 1955. 


[. The Formation of Single Covaleni 
Bonds 


DARYLE H. BUSCH 
The Ohio State University, Columbus, Ohio 


The first successful correlation of the early accumuls- 
tion of data on complex inorganic compounds appears in 
the brilliant deductions of Alfred Werner. Werner 
pointed out the great tendency of most metal atoms or 
ions to combine with certain numbers of other atoms, 
molecules, or ions, and he called the number of such 
groups the coordination number. He suggested that the 
manner of binding between the entities in question was 
different from that in simple compounds and he spoke 
of the bonds as involving a “‘secondary”’ valence for the 
metals, in contrast to the primary valence, which is now 
recognized as the electrovalence in the case of salts or 
the covalence in the case of nonionic, molecular sub- 
stances. 

During the first three decades of this century, an 
electronic picture of the coordinate bond was developed. 
The nonmetallic parts of the complex compounds, so in- 
tently studied by Werner, contain unshared electron 
pairs in their valence shells, and the metal atoms are in 
almost all instances in positive oxidation states. This 
led to the idea that the coordinate bond is a covalent 
bond in which the nonmetallic part (the donor group or 
ligand) donates a pair of electrons which is then shared 
by both the donor atom and the metal atom (the ac- 
ceptor atom). This simple theory represented a major 
advance in accounting for the existence and general 
properties of complex compounds. However, the con- 
cept was much too primitive to account for the varia- 
tions in the behaviors of the many different complexes 
known. 

It has long been realized that on the basis of chem- 
ical behavior all complex compounds may be placed 
into two broad categories: those which are in rapid 
equilibrium with their component parts in solution or in 
heterogeneous systems, and those which are only very 
slightly dissociated or which undergo no appreciable 
dissociation. These two classes are called ‘“‘normal com- 
plexes” and “penetration complexes,” respectively. 
Concurrent with the development of the covalent theory 
of the coordinate bond, an electrostatic theory evolved. 
According to the electrostatic theory, the attraction be- 
tween metal ions and polar molecules, such as water and 
ammonia, results from coulombic forces. Because of 
the rapid equilibria involved in reactions of electro- 
valent substances as compared to covalent substances, 
it was logical to suppose that the ‘normal complexes’ 
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vere more likely to be bound by electrostatic forces, 
vhile the “penetration complexes” were then believed 
o be covalently bound. One of the most intriguing 
juestions remaining unanswered is whether the dif- 
erences in these two major types of complexes are a 
unction of relative stability, bond type, or rate at 
vhich the complexes may react, or a combination of 
hese effects. An attempt at approximating an answer 
0 this question may be found in the discussion to fol- 


—E RESULTS OF THE ATOMIC ORBITAL THEORY 


Although the relative success of the two major 
schools of modern valence theory (molecular orbital 
and atomic orbital) may well be a matter of opinion, the 
atomic orbital theory has been more widely applied to 
the problem of the coordinate bond. Therefore, the use 
of the atomic orbital theory is chosen here, except in the 
consideration of double-bonding (second paper of this 
series) where the use of molecular orbital terminology 
facilitates discussion. Extensive review of the litera- 
ture is not intended and for the sake of comparison or 
for review of some of the concepts used, the reader is re- 
ferred to a number of recent reviews (/—4) and to texts 
treating modern valence theory. In order that the 
necessary conceptual tools be at hand, a number of 
familiar consequences of the atomic orbital theory must 
be mentioned. 

Hybridized Bond Orbitals. The study of the chem- 
ical and physical properties of compounds revealed 
that many atoms have four or six equivalent bonds in 
their structures despite the fact that the earlier study 
of atomic spectra indicated that the same atoms have 
only three equivalent orbitals in their valence electron 
shells. Pauling cited the example of carbon which is 
known to form four equivalent bonds directed toward 
the corners of a tetrahedron. The valence shell of 
carbon, on the other hand, is made up of one s and three 
p orbitals, the three p orbitals being of equivalent en- 
ergy. On the basis of these available orbitals, carbon 
would be expected to form three equivalent bonds and 
possibly a fourth weaker bond. However, quantum 
mechanical theory has shown that the combining of one 
8 orbital with three p orbitals may result in four equiv- 
alent bond orbitals, each having greater potential 
bond-forming ability than either a single s or p orbital. 
One of such a reorganized set of bonding orbitals is 
called a hybrid orbital. Hybridization has been shown 
to result in many possible combinations of bond orbitals. 
The relative bond-forming potentialities of these hy- 
bridized orbitals have been estimated by means of a 
parameter called the “angular strength” (3). The angu- 
lar strength is a measure of the concentration of the 
particular hybrid orbital about the bond axis, and a rel- 
atively great bond-forming ability is indicated by a 
large value for the angular strength. These and the 
common types of hybrid orbitals are summarized in 
Table 1. 

The Magnetic Criterion for Bond Type. In many 
cases, an atom may make use of the necessary orbitals 


TABLE 1 
Angular Strengths of Bond Hybrids (3, 6) 
Hybrid Configuration Angular strength 
ns Tetrahedral 2.000 
(n — 1)d ns np? Square planar 2.694 
(n — 1)d? ns np* Octahedral 2.923 
ns np*® nd? Octahedral ? 


scare denotes the major quantum number of the valence electron 
shell. 


to form a certain set of hybridized orbitals with no 
complicating rearrangement of its underlying electron 
shells. This is usually true when the bond hybrid is 
ns np® or ns np* nd?, and occasionally true when the 
bond hybrid to be formed is (n — 1)d ns np? or (n — 1)- 
d*?nsnp*. The reasons why rearrangements of electrons 
are sometimes necessary in order to form the bond hy- 
brids using d orbitals of the penultimate shell (major 
quantum number of n — 1) are: (1) the (n — l)d 
orbitals are, in the case of transition elements, partially 
filled; and (2) the lowest energy states of transition ele- 
ment atoms are attained when, as the Hund rule of 
maximum multiplicity states, each of the five d orbitals 
receives one electron before any of the d orbitals re- 
ceives its second electron. The result is that no d or- 
bital is vacant and therefore available for the formation 
of hybridized bond orbitals if a total of as many as five 
electrons are present in the d subshell, and only one d 
orbital is vacant if there are four electrons in the d orbit- 
als. If the number of these d electrons is between four 
and six, inclusive, two d orbitals may be made available 
for the formation of (n — 1)d? ns np* hybridized orbitals 
by pairing a sufficient number of the electrons to place 
all of them in three of the d orbitals. If the num- 
ber of d electrons is between five and eight, inclusive, 
one d orbital may be made available for the formation 
of (n — 1)d ns np* hybridized orbitals by pairing a suf- 
ficient number of these electrons to place all of them in 
four of the d orbitals. (See “ground state” examples in 
Table 5.) 

The most readily measurable result of these rear- 
rangements of electrons is the number of unpaired 
electrons (before and after rearrangement). As has 
been discussed in many places in the literature (e. g., 
reference (2), page 208), each unpaired electron acts as 
a tiny electromagnet and by suitable techniques the 
number of unpaired eleetrons in each atom may be de- 
termined from the magnetic behavior of the substance 
in question. Pauling recognized the significance of the 
alteration of the number of unpaired electrons in metal 
atoms which are parts of complex compounds as an in- 
dication of the type of hybridized orbitals involved. 
He also associated the formation of a complex utilizing 
(n — 1)d? ns np* or (n — 1)d ns np* hybridized orbitals 
with the presence of a relatively high percentage of co- 
valent character in the bonds. From these considera- 
tions he formulated the “magnetic criterion of bond 
type”’ in which he chose to refer to complexes containing 
metal atoms that have undergone changes in the num- 


| 
low. 
. 

‘ 


ber of unpaired electrons as “essentially covalent,” 
while referring to those complexes in which no such 
change in magnetic moment (if such a change would be 
necessary in order to empty some of the orbitals for use) 
occurs as “essentially ionic.”” It was admitted that the 
criterion would not allow a distinction in all cases, 
e. g., chromium(III), as discussed below. 

Ionic and Covalent Character in the Coordinate Bond. 
In the atomic orbital picture of polar bonds, or bonds of 
partial ionic character, the actual bond is described as 
something intermediate between a purely covalent 
bond and a purely electrostatic, or ionic, bond. Thus, 
the polar bond in the molecule AB is intermediate be- 
tween the structures: 


(II) 


A:B 
(I) 


where the atom B is the more electronegative of the two. 
The relative polarity of such a bond depends on the rel- 
ative importance of structures II and I in determining 
the true structure of the molecule. (The true structure 
of the molecule in quantum mechanical terms may be 
approximated by a total wave function, summing up 
the wave functions of the contributing structures, each 
of which is multiplied by a weighting factor.) This 
mixing of limiting types of structures to describe an 
intermediate structure is called resonance. 

If for a pair of atoms, such as AB above, certain pa- 
rameters may be varied, specifically the electronegativity 
of each atom, then a gradual change in the degree of 
polarity, or ionic character, of the bonds may be real- 
ized. In reality such changes are accomplished by 
varying the nature of the atoms or by varying substit- 
uent groups on the atoms in question. 

The realization that differences occur in the degree 
of polarity, or of ionic character, in the bonds in various 
complexes preceded and coexists with the atomic orbital 
theory. However, alterations in magnetic moments ap- 
parently are associated with a discontinuity in the 
gradual change described above, for the compounds in- 
volving metal ions having reduced magnetic moments 
(fewer unpaired electrons than the corresponding 
simple ions) are logically considered to have relatively 
more covalent character, as shown by their decreased sus- 
ceptibility toward rapid dissociation or substitution re- 
actions. The relatively smaller polar character in the 
bonds of these complexes can be related to a decrease in the 
stability of the structures which define the ionic contribution 
to the bonds. This is made clear in the diagram by 
Pitzer (5) which illustrates that the ionic contribution 
to a bond in diamagnetic nickel(II1) involves a rela- 
tively unstable, excited state for the gaseous ion, while 
the covalent contribution involves a favored elec- 
tronic configuration of the species and a bond hybrid of 
maximum angular strength. The same situation occurs 
for any ion which behaves in accord with the magnetic 
criterion. The assumption that ionic resonance struc- 
tures contributing to the bond types of complexes of 
this class must involve excited states of the metal ion is 
necessitated by the restriction that resonance can occur 


- paired electrons (6). This point has led some author 
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only between structures having the same number of un- 


to suggest that no ionic contribution is involved in the 
bonds of diamagnetic (and similar) complexes (2, 3), 
This is equivalent to saying that the bonds can have no 
polar character, a highly unlikely situation. Pauling 
(7) was explicit in suggesting that these bonds could 
be polar in character; however, he provided no ex- 
planation of how this might occur. In spite of the state- 
ment by Pauling that “essentially ionic” was intended 
to tag those species of relatively high polar character 
in their bond type and not necessarily to denote that the 
species were bound by electrostatic means alone (6), 
some literal use of the terms has occurred (1-3). 
Recently the magnetic criterion has been used to dis- 
tinguish between octahedral complexes having d?sp' 
hybridized orbitals involving the d orbitals of the penul- 
timate electron shell and sp*d? hybridized orbitals in- 
volving d orbitals of the valence shell. For those metal 
ions where a distinction is possible, the octahedral com- 
plexes having the same number of unpaired electrons 
(the same magnetic moments) as the corresponding 
gaseous ions in their ground states have been termed 
“outer-orbital”’ complexes, while those having magnetic 
moments differing from those of the ground states of 
the gaseous ions are called “inner-orbital’”’ complexes 
(8). The same language is also in use to distinguish be- 
tween dsp? and sp* hybrids in four-coordinate com- 
plexes. This classification includes among the inner- 
orbital complexes those species in which d orbitals of 
the penultimate shell are logically expected to partici- 
pate in the formation of hybridized orbitals even though 
no change in magnetic moment is likely. It is in this 
respect that the scheme enjoys its greatest generality. 
Perhaps the most notable remaining consequence of this 
classification, other than avoiding the confusion occur- 
ring as a result of Pauling’s unfortunate terminology, is 
the increasing realization that d orbitals of the valence 
shell must come into play in the formation of many octa- 
hedral complexes. Recent calculations have confirmed 
the likelihood of this type of hybridization (9-//). o 


M(s) + 1 


It is certainly unlikely that complexes, such as Ni 
(dipy);*+*, Ni(o-phen);++, Ga(C.0,4)3—*, and Ge(C204)3~~ 
(dipy represents a,a’-dipyridyl and o-phen represents 
o-phenanthroline) which have been resolved into op- § Thermock 
tical isomers (12), are bound by use of only four sp* hy- 
bridized orbitals as was originally suggested by Pauling. +Q 
Nonetheless, it should be realized that in the most literal —U 
sense the classification of complexes as “inner orbital” ~Ex 
and “outer orbital” is almost as phenomenological as, “/ 
though certainly more general than, the terms “‘dia- Su 
magnetic” and “paramagnetic” (which indicate whether } = 

2 


or not any electrons remain unpaired), since it denotes 1, 
no distinction in bond type but is intended merely to I 
identify the nature of the hybridized orbitals. 
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tion cycle, such as that shown below, and analysis of 
the factors determining the magnitude of each of these 
terms. In this cycle, the heat of formation of the solid 
complex of a metal, M, with n moles of a ligand, L, in 
the form of a halide salt, X, is denoted by the symbol Q. 
As is seen in the diagram, the over-all formation of the 
complex is envisioned in one step in the reaction written 
vertically at the left. The formation of this same sub- 
stance is also envisioned by a series of steps, proceeding 
in a clockwise manner from the upper left-hand corner 
of the diagram and ending at the lower left. This 
second reaction path is utilized in order to show how the 
heat of formation, Q, might be calculated by an in- 
direct method and also to emphasize the several energy 
terms which may be considered to effect the magnitude 
of the heat of formation. The longer path imagines the 
formation of the complex as proceeding through four 
major steps (each of which is identified with one of the 
arrows shown in the cycle): (1) conversion of the solid 
metal and ligand into gaseous atoms or molecules, and 
dissociation of the diatomic halogen molecule into single 
atoms; (2) removal of two electrons from the metal and 
addition of one electron to each halogen atom, thus 
producing gaseous ions; (3) union of the gaseous metal 
ion with n moles of the ligand to form the gaseous com- 
plex ion (this-term is the total heat of bonding for the 
formation of n bonds); (4) crystallization of the com- 
plex cation and the halide anion to form the solid com- 
plex. The heat of formation is the algebraic sum of the 
heat quantities associated with each of these steps. The 
quantities which are written with negative signs in the 
formation cycle are.exothermic, while those written with 
positive signs are endothermic. The algebraic sign of 
the heat of formation is, of course, dependent upon the 
relative magnitudes of the sums of the endothermic and 
exothermic terms. 


+ Su + + Dx; 

M(s) + nL(s) + Xo(g) —M(g) + nL(g) +2X (g) 

+h 
+I. —2Ex 

+Q 
M**(g) + nL(g) + 2X~(g) 
—A 

ML, X.(s) ¢ ML, *+*(g) + 2X~(g) 


Thermochemical Cycle for the Formation of a Solid Complex Involving 
a Divalent Metal Ion and a Halide Anion 


+Q = Sy + nSi + Dx, +1,+],2—-U —2Ex —A 


—U = energy of crystallization 
—Ex = electron affinity of X 
—A = energy of bonding of gaseous ligand to gaseous metal 
ion 
Su = sublimation energy of metal 
nS, = sublimation energy of n moles of ligand 
Dx, = dissociation energy of X2 
! = first ionization potential of metal 
I; = second ionization potential of metal 


Examples can be cited where the dominant effect of 
each of these terms causes deviations from expected be- 
havior. For this reason it is essential that the relation- 


ship of the term upon which an expectation or premise 
is based to the remaining terms of the cycle be fully 


realized. In discussing bond type and the stability of 
complex compounds, the nature of the hybridized bond 
orbitals has come to occupy a position of primary con- 
cern to chemists (1, 8, 13, 14). Obviously, any predic- 
tions based on hybridized orbitals alone ignore all the 
terms in the formation cycle except the heat of bonding 
of the gaseous metal ion with the gaseous ligand (— A 
in the cycle above). For a series of closely related com- 
plex compounds, the terms J;, J2, nSi, Dx,, —2Ex, and 
— U may be considered to be constant or their individual 
effects may be anticipated. For example, the relation- 
ship of ionization potential to bond type is often con- 
sidered indirectly, since it is of primary significance in 
determining the electronegativity of the metal ion, 
which in turn leads to inference with regard to bond 
type. This is discussed below. 


4 3d 4s 4p 
bonding orbitals 
Electronic configuration 


Structure of solid complex of metal in solid complex 


3d 4s 4p 
— 
bonding orbitals 


Electronic configuration of 
metal in complex in non- 
polar solvents 


Structure in nonpolar solvents 


The Structure of Bis(salicylaldimine )nickel (II) in Solution and in the 
Solid State as Inf d from Mi tic Mi t 


The fact remains that failure to consider the pos- 
sible intervention of any single energy term may lead to 
confusion. An interesting example is found in the 
magnetic behavior of the complex compound bis(sali- 
cyladimine)nickel(IT) (see structure above). This sub- 
stance is diamagnetic (implying completely paired elec- 
trons) and planar in the solid state; however, it ex- 
hibits paramagnetism in solution, even in nonpolar 
solvents such as benzene, and is therefore tetrahedral 
under those conditions. This behavior probably results 
from a greater heat of bonding for the tetrahedral (para- 
magnetic) form (the absolute value of A is greater for 
the tetrahedral form) which is counterbalanced in the 
solid state by the considerably greater lattice energy of 
the planar form (15, 16). 

’ In the majority of discussions concerned with the 
structure, stability, and reactivity of complex inorganic 
compounds, primary concern is placed on the factors 
which determine the magnitude of the term A. These 
factors are listed in Table 2. Other factors which af- 
fect the solution behavior of the complex, such as the 
effect of chelation, have also received considerable at- 


H 
plex 
ma- 


‘ 


tention in recent years. These will not be considered 


(2). 
Most of these factors are discussed by Nyholm (1) or 
by Martell and Calvin (2), and some of them are re- 
stricted to significant but definitely limited and easily 
recognized groups of complexes. The intent here is not 
to treat exhaustively all the factors influencing the be- 
havior of complexes but rather to consider the most 
general phenomena and to point out and discuss a few 
factors which are sometimes ignored or poorly under- 
stood. 

The first of the factors listed in Table 2, the bond hy- 
brid of the metal, has already been discussed and will be 
considered further as the discussion proceeds, as will the 
second, third, and fifth factors (numbered as they ap- 
pear in the table). The following comments will serve 
to indicate roughly the effects of the remaining factors 
on the heat of bonding. 

The Effect of the Electronic Structure of the Ligand on 
the Heat of Bonding. In some cases the formation of 
complex compounds contributes materially to the con- 
jugation of unsaturated donor molecules. When this 
occurs, the stability of the complex is often consider- 
ably greater than would be anticipated on the basis of 
other contributing factors. This effect is sometimes as- 
sociated with the occurrence of double bonds between 
the ligand and the metal atom and it is discussed in 
that connection in the second paper of this series. A 
more definitive treatment of this phenomenon may be 
found on page 161 in reference (2). 

The Steric Requirements of the Ligand and of the Metal 
Ion in a Given Bonding State. The stability of a com- 
plex may be affected greatly by the relative spatial re- 
quirements of the ligand and of the metal ion. This is 
illustrated by the complex of copper(II) with the base 
6,6’,8’’-triaminotriethylamine (structure .III). This 
copper complex is less stable than the corresponding 
copper(II) complex with triethylenetetramine (struc- 
ture IV). 


N 
cf, cH, CH: 


CH, CH, CH; 
NH: NH: NH: 
(III) (IV) 


The logarithm of the formation constant in the former 
complex is 18.8 (17), while that of the latter is 20.5 (78). 
In contrast to this behavior, nickel (II) forms complexes 
of very similar stability with both amines, 7. e., log K 
with compound III is 14.0 (17) and with compound 
IV it is 14.1 (78). The unusual stability order with 
copper(II) is attributed to its great tendency to form 
square planar complexes. The branch-chained poly- 
amine shown in (III) cannot occupy the four corners 
of a square plane but is supposed to cause the four bonds 
to be forced into a tetrahedral configuration. On the 
other hand, the linear polyamine of (IV) can array its 
four nitrogen atoms about the square plane. In con- 


here, but may be found by the reader in other reviews" 
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sequence, the planar complex is the more stable. This 
example illustrates the effect of incompatible steric r. 
quirements on the parts of the ligand and metal atom, 
Presumably, it is entirely possible that the ligand and 


metal atoms might have ideally similar steric require. 


ments, leading to complexes of unusually great. sta. 


bility. Perhaps the complex, bis(acetylacetonal)ethyl- 


enediiminecopper (II) (structure V) provides such an 


example, for the high degree of conjugation in the or- 


ganic ligand should force its atoms to be coplanar and 
the copper complex is reported to be stable toward de- 
composition even when heated to redness (19). 


Charge on the Complex Ion and Net Charge on the Cen- 
tral Metal Ion (The Criterion of Essential Electroneu- 
trality). Pauling (20) has suggested that it is unrea- 
sonable to suppose that any single atom in a complex 
ion or molecule is the seat of a large amount of charge, 
but that the charge on a complex ion will be distributed 
over all the atoms in the ion or molecule. Thus, in 
ferrocyanide, [Fe(CN).]~‘, on the assumption that the 
iron atom was originally dipositive, if the iron atom 
gains an equal share in six pairs of electrons it will have 
a net charge of —4 (one-half of six pairs of electrons, 
or six electrons, minus the two positive charges origi- 
nally present on the iron). The minus four charge 
is probably removed from the iron atom either by the 
displacement of the pair of electrons of the coordinate 
bond back toward the donor atom of the cyanide group, 
thus giving rise to a polarity in the bond, or by donation 
of some of the previously unused electrons of the iron 
atom to the ligand, thus giving rise to a double bond 
(this is discussed in greater detail under the heading 
of double bonding in the second paper of this series). 

Base Strength of the Donor Atom. All other factors 
being equal, the formation of a donor-acceptor bond in 
a complex compound would be expected to depend on 
the relative effectiveness of the ligand as an electron- 
pair donor. This donor power is measured by the base 
strength of the ligand (/, 2). 

According to Nyholm (1), the bond strength for the 
metal-ligand link is the mean value per ligand of the 
heat evolved by the reaction of the simple gaseous ion 
with the gaseous ligand to produce the gaseous com- 
plex. This value is useful in considering the funda- 
mental properties contributing to bond type and sta- 
bility; however, the total heat of bonding to form the 
number of bonds equal to the coordination number of 
the metal (or —A in the cycle) is used here. 
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RELATIONSHIP OF SINGLE COVALENT-BOND 
ARACTER TO STABILITY 


In general, the polarity of a covalent bond can be 
give: qualitative consideration on the basis of the rela- 
tive attractions for electrons of the two bonded atoms. 
This electron-attracting power of atoms has been esti- 
mated by several investigators in terms of a parameter 
called the electronegativity (21). This parameter 
has been given three different definitions. These are 
summarized and explained in the reference cited. 
Qualitatively, it remains the intrinsic attraction of an 
atom or ion for electrons. According to Pauling (/3) 
the ionic (or polar) character of a bond increases as the 
electronegativity difference between the two atoms 
increases. This concept is quite satisfactory as a quali- 
tative basis for it is exactly what one would anticipate 
on the basis of the relative attractions of the two bonded 
atoms for electrons. 

Mulliken (22) defined electronegativity as the aver- 
age of the ionization potential and electron affinity, 
and his definition is theoretically sound. It suffers 
the disadvantage that electron affinity data are not 
abundant. However, in the case of metals it is rea- 
sonable to assume that the electron affinity may be ig- 
nored, whereupon the ionization potential becomes 
an estimate of the electronegativity (1). This expedi- 
ent is followed here. ; 

The word stability is often misused to denote reluc- 
tance of a substance to undergo chemical reaction. Since 
this term is most significant when it refers to thermo- 
dynamic stability its use is so restricted here. The 
measures of thermodynamic stability available for 
complex inorganic compounds are not plentiful. They 
are the heats of formation of ions and compounds, and 
formation constants derived from equilibrium measure- 
ments. The formation constant, it should be realized, 
is not an absolute measure of stability, but a measure 
of the relative stability of some complex, [ML,]*”", 
over the corresponding hydrate, [M(H:O),]*" (if 
the solvent is water), since it is related to the free 
energy of the reaction: 


[M(H:0),]*" + pL = [ML,]*™ + nH,0 


Agreement of ionization potential with such measures 
of stability for complexes of the divalent metal ions of 
the first transition series as AH of hydration and the 
formation constants of other complexes, as measured 
in water (1, 23-29) (Table 3), indicates that the sta- 
bility of these species increases as their covalent char- 
acter increases. This conclusion is based on the parallel 
change of electronegativity with ionization potential 
among the metallic elements as discussed above. For 
example, it is seen from Table 3 that the sum of the 
first and second ionization potentials for nickel(IT) 
ion is much greater than that for manganese(II) ion. 
This means that the electronegativity of nickel(II) is 
greater than that of manganese(II). Since the oxygen 
atom in water has a constant electronegativity which 
is greater than that of either of these metals, the elec- 


TABLE 2 
Factors Which Determine the Magnitude of the Heat of 
Bonding (A) 


(1) The bond hybrid of the metal atom. 
(2) The relative electronegativities of the donor and acceptor 


atoms. 

(3) The underlying electronic structure of the metal atom in its 
bonded state. 

(4) The electronic structure of the ligand (possible conjugation, 

etc.). 

(5) The ibility of double-bonding between the metal atom 
and the ligand (a consequence of the four previously 
mentioned factors). 

(6) Steric requirements of the ligand and of the metal ion in a 
given bonding state. 

(7) Charge on, the complex ion and net charge on the central 
metal ion (Pauling’s criterion of essential electroneutrality). 

(8) Base strength or proton affinity of the donor atom. 


tronegativity difference between the oxygen donor atom 
and the metal acceptor atom is smaller with nickel(I1) 
ion. This smaller electronegativity difference leads 
to the inference that the nickel(II)-oxygen bond has a 
higher per cent covalent character than the manga- 
nese(II)-oxygen bond. In the second column in Table 
3, the heats of hydration for these ions are given. 
Here it is seen that the heat of hydration of the nickel- 
(II) ion is greater than that of the manganese(II) ion. 
Thus it is seen that the more stable complex ion prob- 
ably has the greater amount of covalent character. 
Since the electronegativity of nitrogen in ammonia is 
less than that of oxygen in water (/3), it is also con- 
sistent with this view that the ammines are more 
stable than the hydrates in the case of the metals of 
relatively great electronegativity (Table 3). The in- 
crease in stability of complexes involving uncharged 
base molecules as ligands with an increase in covalent 
character of the bond may be explained on the basis 
that the limiting electrostatic type of bond would in- 
volve a relatively weak ion-dipole interaction. In the 
case of charged ligands, so simple an argument prob- 
ably is not adequate. This view is supported by the 
investigations of Cottrell and Sutton (30). » 
As shown above, when the coordinate covalent bond 
is simply a single electron-pair bond, the covalent 
nature and the stability of the bond should increase 


TABLE 3 


Relationship Between Ionization Potentials of First 
Transition Series Elements and Heats of Hydration and 
Formation Constants of Complexes of Divalent Ions 


Sum of first and 


second ton hydration Log Kav. 
potentials (keal. / Log Kav. M (salicyl- 
Ton (keal. /mole) mole) M(NH;),*+* aldehyde), 
Mntt 532 445 sd 3.4 
Fe*++ 556 468 0.7 3.8 
Cott 583 497 1.4 4.15 
Ni++ 596 507 2.2 4.6 
Cut+ 646 507 3.2 6.65 
Zn** 630.5 491 2.5 4.05 


| 
; 
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TABLE 4 
Favored Electronic Configurations 


Gaseous ion 
(1) Filled d shell 
(2) Half-filled d shell 
(3) Empty d shell 
Complex ion involving covalent bonds 
(1) d*sp? hybrid with filled underlying d orbitals 
(2) dsp? hybrid with filled underlying d orbitals 
(3) d*sp* hybrid with half-filled underlying d orbitals 
(4) dsp? hybrid with half-filled underlying d orbitals (?) 


with the electronegativity of the central metal ion. 
This, of course, is consistent with the trend observed 
among the hydrates and ammines of the divalent ions 
of the transition metals. It is, however, even more 
apparent in those cases where still greater increases in 
the electronegativity of the central metal ion are en- 
countered. The oxidation of cobalt to the tripositive 
state produces an ion which has a much greater attrac- 
tion for electrons than does cobalt(II) and which, in 
consequence, should form still more stable covalent 
bonds with such dipolar molecules as ammonia (the 
electronegativity difference between the donor and 
acceptor atom is less) (31). The same argument would 
be equally valid for the platinum metals, as com- 
pared to the corresponding triad of first transition 
series elements in any given oxidation state. 


THE EFFECT OF ELECTRONIC CONFIGURATION 


The two parameters most often utilized in predicting 
covalent character are electronegativity and angular 
strengths of hybridized orbitals (Table 1). The angu- 
lar strength is a property of a particular hybridized 
orbital and can provide no information with regard to 
the relative stabilities of two species having the same 
hybrid type. Similarly, although the electronegativity 
has a specific value for each chemical form of every 
atom (2/1), transition element ions of the same charge 
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type probably do not differ greatly enough in thei 


- electronegativities to account for many of the great 


differences in the stabilities and labilities of their com- 
pounds, nor to account for the formation of particular 
hybridized orbitals. 

Unlike the elements of the representative families of 
the periodic system (7. e., alkali, alkaline earth, zinc, 
and aluminum families), the atoms and ions of the 
transition elements often possess different electronic 
configurations of maximum stability in their covalently 
bonded forms from those of the corresponding gaseous 
atoms or ions. This may introduce a formidable energy 
barrier into the complexing reaction and give rise to 
difficulty in relating all observed behavior to current 
theories. (The full significance of this factor is not al- 
ways recognized as is evidenced by such statements as 
“double-bonding is probably the main factor which up- 
sets predicted orders of stability of complexes based on 
electronegativities alone” (/).) 

In order to consider this aspect of the problem in a 
straightforward manner, it is convenient to make use 
of a simple thermochemical cycle. 


{ground state) (excited state) 


M*"(g) 
+ 


nL(g) 
J A’ 
—A ML, *™ (g) 
Formation Cycle for the Gaseous Complex 


The first and only unfamiliar step in this simple 
formation cycle is introduced to take into account the 
rearrangement of electrons to provide the orbitals 
necessary for formation of the final hybridized orbitals 
of the complex. The energy expended in this process 
(P) will be called the excitation energy. In cases where 
the electronic configuration of the metal ion in the 
complex is the same as that of the gaseous ion, this 
term will disappear. When this term is significant, it 


TABLE 5 


Electronic Configuration of Gaseous Transition Metal Ions in Ground States and in Their Excited Bonding States 
(C.N. Is Coordination Number) 


Excited state 
3d 4s 


or 


4p 


Coll(C.N.6) 
Ni!¥(C.N.6) 


Fe!!l(C.N.6) 


(C.N.6) 


Col (C.N.4) 


Ni!1(C.N.6 


Ni®(C.N.4) 

Nil!(C.N.4) 
Ni!!(C.N.6) 
Cu!!(C.N.4) 
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acts as a negative contribution to the bond strength (as 


n thei : ‘ 
e pes defined above) or as an energy barrier to the reaction. 
ir com ln order for a stable complex to be formed, the actual 


heat released by bonding of the ligand with the excited 
metal ion (A’) (which we shall call the “adiabatic heat 
of bonding”) must exceed the excitation energy (ex- 
pended in producing the excited ion) sufficiently to 
make the over-all process thermodynamically more 
favorable than the simpler reaction which might in- 
volve complexing with the ion in the same electronic 
conliguration as the gaseous ion in its ground state. 

As has just been implied, some metal ions are capable 
of forming two different complexes while retaining the 
same coordination number. The two types of com- 
plexes differ only as a result of the use of different 
hybridized orbitals, one being inner orbital and the 
other outer orbital. This is illustrated in the equa- 
tions: 


rticular 


Lilies of 
1, zine, 
of thei 
ctronic 
alently 
FASEOUS 
energy 
rise to 
urrent 
not al- 
nts as 
ch up- 
sed on 


nina 
ce use 


P 
M*"(g) (ground state) ———> M+™(g) (excited state) + nL(g) 


(ML, ]*™(g) (inner orbital) (1) 
M*"(g) (ground state) + nl(g) 
——  [ML, ]*"(g) (outer orbital) (2) 


In equation (1), the formation of an inner-orbital com- 
plex is described. This involves the rearrangement of 
electrons and the expenditure of the excitation energy 
(P) to make the necessary d orbitals available for the 
formation of the hybridized orbitals. The excitation 
step is followed by bond formation and the release of 
the “adiabatic heat of bonding.” The net heat of 
bonding is P — A’. In equation (2), the formation of 
an outer-orbital complex is shown to involve the bond- 
ing of the ligands to the gaseous metal ion in its ground 
state, a process which is accompanied by the liberation 
of the heat of bonding. The relative thermodynamic 
stabilities of the inner- and outer-orbital complexes 
depends on the relative values of P — A’ (inner orbital) 
and —A (outer orbital). Even though the “adiabatic 
heat of bonding” to form the inner-orbital complex, 
A’, may always be greater than the heat of bonding to 
form the outer-orbital complex, A, the net heat of bond- 
ing for the inner-orbital complex (P — A’) may be 
small enough to permit the outer-orbital complex to be 


thermodynamically favored. Thus the magnitude of 
P may well determine the course of any given com- 
plexing reaction. From the use of this scheme, it is 
apparent that the fact that the angular bond strength 
is always a maximum in d’sp* hybridized bonds over 
sp*d? and in dsp*® hybridized bonds over sp* bonds 
(Table 1) is not a sufficient condition to guarantee 
that such configurations will always be realized. With 
certain combinations of hybrid states and electronic 
configurations of metal ions the magnitude of the exci- 
tation energy (P) may be so great as to preclude its 
being attained during the course of any complexing reac- 
tion; for example, d?sp* hybridization has never been 
found among the complexes of copper(II). 

The excitation energy introduced in the cycle just 
given above is the difference in energy between two 
electronic states of a given metal ion. Its relative 
magnitude should therefore be related to certain pre- 
ferred electronic configurations for both the simple 
gaseous ion and for the covalently bonded ion (20). 
These preferred configurations are listed in Table 4. 
The electronic states for the gaseous ion are, of course, 
well established, while those for the complex ion are 
suggested on the basis of their occurrence among very 
unreactive complexes. 

The electronic configurations are given for the gase- 
ous ions of some of the transition metals of the first 
series (both in the ground state and in the excited 
state compatible with formation of covalent bonds of 
maximum angular strength) in Table 5. It is seen 
that in every case the excited state contains one or 
no unpaired electrons. The excitation energies for the 
attainment of the given excited states have been esti- 
mated from spectroscopic data, where possible, and 
the results are given in Table 6. 

The excitation step may involve either or both of two 
different types of rearrangements of electrons: (1) 
the pairing of electrons and (2) the promotion of elec- 
trons from the d orbitals of the penultimate shell to 
the p level of the valence shell or the s level of a new 
(n + 1) shell. The former process was discussed in 
connection with the “magnetic criterion for bond type’”’ 
and it is this process which will be most responsive to 
the preferred electronic configurations listed in Table 
6. The latter type of rearrangement of electrons, pro- 


TABLE 6 


Excitation Energies* Involved in Producing Mosteniet ate of Transition Metal Ions Involved in Covalently Bound 
mplexes 


Fe(II) (C.N.6) Fe(III) (C.N.6) 


Co(IT) (C.N.4) Co(II) (C.N.6) Ni(O) (C.N.4) Ni(II) (C.N.4) 


Cu(IT) (C.N.4) 


of Standards, Washington, D. C., 1952. 
’ Notation of C. E. Moors, op. cit. 


report 42 keal. for this transition. 


Configuration 3dé 3d5 3d? 5s! 3d” 41 
Term? ail a’G ? aS 
Excitation 

energy 

(keal./ 

mole) 86.9 prob. > 114 48.6 580 42.1°¢ 41.8 419 


* Calculated or estimated from spectral data of Moors, C. E., ‘‘Atomic Energy Levels,’’ Vol. II, Circular 467 of the National Bureau 


¢ Syrxin, Y., AND M. E. Dyarxrna, in “The Structure of Molecules,’ Butterworth Scientific Publications, London, 1950, p. 344, 
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TABLE 7 
Electronic Configurations of Various Iron(III) and Cobalt- . 
(III) Complex Ions 
Electronic state of corresponding gaseous ion 
Ligand* Cobalt(IIT) Tron(III) 
a Ground state Ground sta 
‘H.O Excited sta Ground “ 
Acetylacetone Excited ‘ Ground “ 
NH; Excited Ground “  (?) 
En Excited Ground “ (?) 
EDTA Excited “ Ground “ 
Excited “ Ground “ 
Dipy Excited “ Excited state 
o-Phen Excited “ Excited “ 
CN- Excited ‘“ Excited 
Diarsine Excited Excited 
Abbreviations: en, ethylenediamine; EDTA,  ethylene- 


diaminetetraacetic acid; dipy, a,a’-dipyridyl; o-phen, o-phenan- 
throline; diarsine, o-phenylenebis(dimethylarsine). 


motion, will be considered in more detail in the second 
paper of this series. However, it should be pointed 
out that the promotion of electrons always requires a 
much greater expenditure of energy. This will be seen 
from the very large excitation energies required in the 
cases of six-coordinate cobalt(II) and four-coordinate 
copper(II) as listed in Table 6 (for electronic structures 
involved refer to Table 5). 

As stated above, in many cases, at least two com- 
plexes, having different electronic configurations, could 
be formed between a given metal ion and donor group. 
The actual species formed will be a result of the relative 
net heats of bonding for the two possible reactions. 


4 3d 4s 4p 


4p 
LILLIE 


bonding orbitals 
Ground state of gaseous ion Covalently bound complex ion 
Electronic Configuration of Chromium(III) Ion 


3d 


One of these reactions (equation (2) above) will result 
in the formation of a complex having the same elec- 
tronic configuration as the gaseous ion while the other 
(equation (1) above) will result in formation of a com- 
plex having an electronic configuration favored by 
covalent bonding. Among the octahedral transition 
metal ions, the electronic configuration of the gaseous 
ion is the same as that which provides maximum angular 
strength in the hybridized orbitals only in ions having 
the structure of chromium(III) (see above). In this 
connection it is significant that virtually all the reac- 
tions of chromium(III) compounds are quite slow, indi- 
cating an activation energy consistent with covalent 
bonding, and that only the hydrate of chromium(III), 
from among the hydrated metal ions studied to date, 
exchanges its coordinated water with the solvent slowly 
(8). Thus, one observes phenomena which support 
the notion that the tendency toward the formation of 
stable single covalent bonds should be a maximum 
among the complexes of chromium(III) because the 
energy expended in the promotion of electrons is at a 
minimum. 
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A few other cases must be considered to show th 
generality of this point of view. Since the electro. 
negativities of the metal ions of the first transition 
series should differ little for a given charge type, the 
profound difference in the behavior of iron(III) and 
cobalt(III) is especially significant. Iron(III) is most 
often encountered in oxygen complexes such as the 
hydrate in which all of its d electrons remain unpaired 
(ground state of the gaseous ion), while cobalt(III) is 
best known in its ammine complexes in which it is dia- 
magnetic (excited state for gaseousion). Table 7 com- 
pares the occurrence of the excited states of iron(III) 
and cobalt(III) in similar complexes. The tendency of 
iron(III) ions to remain in the state of maximum multi- 
plicity (five unpaired d electrons) is probably a direct 
consequence of the fact that this ground state for the 
gaseous ion is a favored electronic state (see Tables 
4 and 5). However, cobalt(III) can attain a pre- 
ferred state only by pairing all of its electrons and 
forming d?sp* hybridized bonds, which results in com- 
plete filling of all the d orbitals (Table 5). On this 
basis, it seems that a much greater “adiabatic heat of 
bonding”’ would be necessary in order to form d?sp' 
hybridized bonds in the case of iron(III). That this is 
the case is obvious from the fact that only such robust 
complexing agents as cyanide and a,a’-dipyridy] actu- 
ally make the transition possible (in these cases the 
bonding is not so simple as is the case in the cobalt 
ammines—this will be discussed in due course) (7). 
It should again be noted that the actual bond in the 
iron(III) complexes which do not involve the d?sp' 
hybrid is probably of considerable covalent character; 
however, the maximum covalent character possible js 
not realized because the bond hybrid of maximum 
angular strength is not utilized. At the same time, a 
high degree of ionic character is favored since the ionic 
contribution arises from resonance structures involving 
the metal ion in its ground state. 

It is a fact that the iron(II) compounds with a,a’- 
dipyridyl and o-phenanthroline exhibit a higher order 
of directional character than the corresponding iron(III) 
compounds. The iron(II) complexes may be resolved 
into optical isomers which retain their optical activities 
(32) for reasonable periods of time while the iron(III) 
complexes may be obtained in optically active form only 
by oxidation of the previously resolved iron(II) com- 
pounds. The activity of the iron(III) compounds 
obtained in this way is very fleeting (32). On the basis 
of the positive charges on the iron atoms, the reverse 
order would be expected since the tripositive ion is 
undoubtedly much more electronegative and in con- 
sequence should form bonds of greater covalent char- 
acter. This reversal of the order of directional char- 
acter is probably a result of the excitation energies 
necessary to form the inner-orbital d*sp* hybridized 
orbitals in the two cases. The iron(II) attains a favored 
electronic configuration in the inner-orbital complex, 
a factor which should indicate a lower excitation energy. 
The value reported in Table 6 is 86.9 kcal. per mole. 
On the other hand, as mentioned in the preceding para- 
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graph, the ground state of the gaseous iron(III) ion is a 
favored state while that of the inner-orbital complex of 
iron(III) is not. Data were not available for the 
calculation of this excitation energy; however, a lower 
limit of 114 keal. per mole was set. In all probability 
the excitation energy is considerably greater. 

In the formation of nickel(II) complexes having a 
coordination number of four, two types of hybridized 
orbitals are possible: the sp* hybrid which involves 
the ion in its ground state (two unpaired electrons), 
and the dsp? hybrid which results in maximum angular 
strength of the bonds and which involves bonding of 
the ion in an excited state (P is not zero). Whether the 
hybrid which permits of maximum covalent character 
is attained should depend on whether the absolute value 
of the “adiabatic heat of bonding” (A’) exceeds the 
energy expended in the pairing of two electrons (P) 
sufficiently so that the net energy change is greater than 
that involved in the formation of the bond with the 
ion in its ground state (A) (7. e, P — A’ < —A). 
Since the value of P (which arises from the pairing of 
two electrons) is small (~42 keal./mole, Table 6) in the 
case of nickel(II), it is not surprising that relatively 
small changes in the nature of the ligand, or even 
changes in the solvent, may result in reversing the 
order of the stabilities of the paramagnetic and dia- 
magnetic forms. The occurrence of inner- and outer- 
orbital complexes of four-coordinate nickel(II) is sum- 
marized in Table 8, where it is seen that bis(ethylene- 
diamine)nickel(II) is paramagnetic while some C- 
substituted bzs(ethylenediamine)niekel(II) complexes 
are dimorphic, one form being paramagnetic and one 
form diamagnetic (33). A little reflection will convince 
the reader that this may be interpreted to mean 
A’ — A =& 42 keal. in the case of these diamines. 
The bond type of six-coordinate nickel complexes is 
discussed in the second paper of this series. 

In terms of the atomic orbital theory it is also possible 
to correlate the fact that fluoride most often favors 
bonding involving the ground state of the ions of tke 
first transition series. With this ligand, the electro- 
negativity of the donor is at a maximum and the elec- 
tronegativity difference between the donor and any 
given central metal ion is also at a maximum. Conse- 
quently, the covalent character of the bond formed 

* will be a minimum for any given hybrid type (and any 
given angular strength). The result is that no great 
gain can be made, energetically, by formation of hy- 
bridized orbitals which are particularly suited to cova- 
lent bonding, and the hybridized orbitals consistent 
with the electronic configuration of the gaseous ion in 
its ground state will be favored as it will give rise to 


is maximized. (This interpretation is justified by the 
magnetic data of Table 9, which reveal that only the 
strongly electronegative ions, Nit+4, Rh+‘, Pt*‘, and 
Aut*, undergo electron pairing in fluoro complexes as 
evidenced by ‘their magnetic moments.) This inter- 
pretation is equivalent to the statement by Nyholm 
(1) that sp*d? bonding would be favored over d*sp* 


structures in which an ionic contribution to bond type 


bonding in the case of fluoride complexes because the 
position of overlap is relatively near the donor atom in 
the former case. Either statement describes a covalent 
bond of high polarity (or ionic character). Quite in 
contrast to the behavior of fluoride ion, the least elec- 
tronegative donors, such as CN~, NO.~, and —SR, 
favor the formation of the “inner-orbital’’ complexes, 
as would be expected since they should be more capable 
of forming covalent bonds of slight polarity. 


SUMMARY 


The factors determining the stabilities of complex in- 
organic compounds are considered in terms of a thermo- 
chemical cycle, in the above discussion. It is pointed 
out that the stabilities of complexes increase as the 
per cent covalent character in their bonds increases, and 


TABLE 8 


Electronic Configurations of Four-coordinate Nickel(II) 
Complexes 


Electronic configuration of corresponding 


Ligand* gaseous ion 

H,0 Ground state 
Acetylacetone Ground “ 
NH; Ground “ 

in Ground 
Stien Dimorphic: ground state and excited state 
Styen Dimorphic: ground state and excited state 
Dipy Excited state 
o-Phen Excited “ 

DMG Excited “ 

CN- Excited “ 

MQ Excited “ 

Abbreviations: en, ethylenediamine; stien, stilbenedi- 


amine; styen, styrenediamine; dipy, a,a’-dipyridyl; o-phen, 
o-phenanthroline; DMG, dimethylglyoxime; MQ, 8-mercapto- 
quinolate. 


the relative effectiveness of the more common sets of 
hybridized orbitals in forming covalent bonds is re- 
viewed. The energy required for the rearrangement of 
electrons to provide the orbitals necessary for forma- 
tion of a particular set of hybridized orbitals is suggested 
as a parameter which may determine whether hybridized 
orbitals of large proclivity toward covalent-bond forma- 
tion or hybridized orbitals capable of forming only 


TABLE 9 
Magnetic Moments of Fluoro Complexes’ 


Complex uess. (Bohr magnetons) 
K.[TiFs] 0.00 
K;[VF¢] 2.79 
K.[CrF;(H:O) ] 3.79 
K.|MnFs] 3.86 
3. 32 
M;)[FeF¢] 5. 80-5 .95 
K;[CoFs] 4.26 
K.[NiFs¢] 0.00 
Na;[RhF;] 1.74 
K,[PtF¢] 0.00 
Ag[AuF,] 0.00 


@ Data from Nrnouw, R.S., anp A. G. SHarpe, J. Chem. Soc., 
1952, 3579. 
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weak covalent bonds will occur in any given instance. 
This parameter is called the excitation energy and it 


is represented by P in the second cycle (page 382). ° 


The net heat of bonding for the formation of “inner- 
orbital” complexes is P — A’, where —A’ is the 
“adiabatic heat of bonding.” In the case of “outer- 
orbital’”’ complexes, no excitation energy is necessary 
and the heat of bonding, —A, is a simple term. The 
type of complex formed in a given case (inner or outer 
orbital) depends on the relative values of P — A’ and 
—A. As long as only single electron-pair bonds are 
involved, the formation of an inner-orbital complex re- 
sults in a greater amount of covalent character for two 
reasons. (1) The hybridized orbitals utilizing d-orbi- 
tals of the penultimate shell are associated with greater 
angular strengths than the outer orbital sets of hy- 
bridized orbitals having the same total number of bond- 
forming functions. (2) The ionic contribution to the 
bond in the case of the inner-orbital complex often is 
associated with an unstable excited state for the 
gaseous ion while the ionic contribution to the bond 
in the case of the outer-orbital complexes is associated 
with the ground state of the gaseous metal ion. Al- 
though inner-orbital complexes should always have a 
high degree of covalent character, the same may also 
» be true of outer-orbital complexes. In the latter case, 

the primary dependence of covalent character on elec- 
tronegativities is more easily understood. It must be 
understood that the occurrence of double bonds often 
complicates the picture. This is discussed in a second 

paper. The formation of an inner-orbital complex 

does not necessarily indicate the formation of a complex 

of great thermodynamic stability though the generally 

observed “solution” and “shelf” stabilities of these 

complexes may suggest such a relationship. This ap- 

parent stability is probably kinetically derived in many 

cases. This point is also discussed in the second paper. 
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Chem-Gems, What Else? 


Since Chem-Gems have been appearing, we have been urged repeatedly by contributors to pay 
homage to that honorable American institution, the log cabin. As every physical chemistry stu- 


d(cabin) 
cabin 
Proressor GeorGe Scuweirzer and his associates at the University of Tennessee make the 
punny attempt at mathematical precision by pointing out that this indefinite integral actually is 


‘cabin cruiser”: log cabin + sea (C). They came to this conclusion over the cups of cobalt di- 
ferride (CoFe,) which they use to break the morning. 
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T's recent increases in student loads and research 
activities in many university chemistry departments 
have resulted in increases in needed personnel, services, 
facilities, equipment, and administrative procedures. 
In this regard a survey of the various evolved arrange- 
ments used by different departments was planned and 
made. The chemistry departments of 11 universities 
were visited between August 1, 1954 and July 1, 1955, 
to gather information for the survey.' 

This article deals with chemistry department per- 
sonnel and their functions. 

Administrative Assistants. The increase in the size 
and complexity of the physical and administrative 
structure of an organization brings on a definite need 
for more supervision. This added burden in many 
cases has been shouldered not only by the department 
heads but also by certain other appointed individuals. 
The accompanying table summarizes .some of the 
various arrangements (see Table 1). 

Secretarial and Clerical Assistants. Employees in 
the category of secretaries or clerical workers may do 
a great variety of work in a university chemistry depart- 
ment. It was found that they were involved in 
research-contract report preparation, mimeographing, 
processing student-breakage accounts, manuscript prep- 
aration, checking out books and keys, maintenance 
of inventory records, preparation of orders for supplies, 
filing, correspondence work, receptionist work, and 
other general duties in connection with academic 
records and administration. Of course, the amount 
of any one of these duties varied from one institution 
to another. 

Shop and Building Service Personnel. Of the 12 
departments surveyed, eight had well-equipped machine 
shops and at least one full-time machinist and usually 
two or three. In these shops there were definite restric- 
tions on access to the shop facilities, and free entry 
was granted usually only to the curator and depart- 
ment head. Other staff members may enter to discuss 
work with machinists during shop working hours. 


1 The writer is extremely grateful for the fine cooperation and 
helpful attitude of chemistry-department officials at the following 
universities: Yale University, University of Chicago, Indiana 
University, University of Mississippi, Rutgers University, Uni- 
versity of Michigan, Northwestern University, Massachusetts 
Institute of Technology, Princeton University, Michigan State 
University, and Brown University. Data from the department 
of chemistry at the University of Kentucky have been included. 
For the purposes of this paper these schools were given assigned 
letters for reference purposes. All data used have been sent to 
the above-mentioned officials prior to the preparation of this 
article. 
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These eight schools also had more modestly equipped 
shops for the use of staff and graduate students. 


The other four departments, not having their own 


TABLE 1 
Chemistry Department Administrative Assistants 


School* 


Administrator 


Area of responsibility 


387 


A 
B 


Q's 


Faculty member 


Curator 


plus 

Faculty member 
with assignment 
as department sec- 
retary 

Faculty member 
with half-time ad- 
ministrative as- 
signment 

Assistant to chair- 
man 

Curator 


plus 

Faculty member 
with half-time ad- 
ministrative 
signment 

None 

Faculty member 
with assignment 
as executive officer 


Curator 


plus 
Faculty member 


Curator 


plus 
Assistant curator 
None 


Faculty member 


Physical plant, services, instru- 
ments, teaching and research. 


Storeroom, a business 
records, physical plant, and 
services, 


Department secretary, academic 


administrative details, and 
teaching duties. 
Services, storeroom, purchases, 


physical plant plus teaching 
duties. 


Full time allotted to certain 
requests of chairman. 

Purchases, student accounts, busi- 
ness matters and records, and 
some storeroom supervision. 


Physical plant, services, store- 
room, major supply decisions. 


Physical plant, budget proposals 


and disbursements, academic 
appointments and assign- 
ments. No central stores re- 
sponsibilities. 
Purchasing, business matters and 
records, inventory _ records, 
storeroom, services, physical 
plant. 
Care and use of instruments. 


Plans and supervises costly in- 
stallations. 

Physical plant, storeroom, busi- 
ness matters and records, pur- 
chasing, and services. 


Assists curator. 

One faculty member supervises 
the use and maintenance of in- 
struments. 

Physical plant and services plus 
teaching duties. 


Laboratory manager Physical plant, personnel of of- 


fices, demonstrator, equipment 
maintenance, services, business 
records and purchases, store- 
room. 


@ Approximate staff and enrollment data are listed in Table 2. 
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machinist, had access to special machine-shop services 
elsewhere on the campus in addition to their own 
student and staff shops. 

Some special features and arrangements noted in 
regard to personnel in this category are of sufficient 
interest to be mentioned. One department had the 
services offered by a well-equipped carpenter shop and 
a full-time carpenter. Machinists in several depart- 
ments performed general repair work in the building 
and even took charge of deliveries of a special nature. 
Another department had a full-time special apparatus 
repairman to maintain vacuum pumps, motors, etc. 
A shop apprentice course taught by a machinist was a 
prerequisite to admission to the student shop of one 
department. One department with a large plant had 
on its staff two full-time electricians and two full- 
time plumbers. The full-time services of an employee 
who repaired furniture and did other miscellaneous 
work were available to another large department (see 
Table 2). 

-Glass Shop Services. Six of the 12 departments 
surveyed had at least one full-time glassblower and 
well-equipped glass shops. One other department 
shared equally with the physics department the serv- 
ices of a full-time glassblower. In this case separate 
glass shops were maintained in each department. In 
another case one glass shop and a full-time glassblower 
served both the physics and chemistry departments 
which were housed in one building. Another depart- 
ment had a storekeeper who spent half-time as a glass- 
blower. A still different arrangement was used by 
one department which had a commercial glassblower 
come in evenings to do needed work. A total of 10 of 
the 12 schools had the services of a glassblower in their 
own shop. Some glassblowing equipment was avail- 
able to the staff of the other two schools but difficult 
work had to be done outside. 

Where glass-shop services were available some type 


' one department a drawing of the desired equipment and 
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of permit signed by the research preceptor was needed 
by graduate students who needed these services. Ih 


the needed materials which could be obtained at 
chemistry stores had to be furnished the glassblower 
before work could be started (see Table 2). 

Analytical Laboratory Services. Routine chemical 
analysis was a less commonly found service than any 
of those discussed previously. Only four depart- 
ments had full-time employees for this work. One of 
these schools had one half-time employee who did 
spectrophotometric work for the staff. 

One department had available the services of an 
analyst who was not a full-time employee but was 
paid for each analysis performed. 

The analytical chemist for one department also 
taught the course in semimicro analytical chemistry. 

One of the departments had not one but five analysts 
supervised full-time by one of the professors. This 
analytical group did analyses for near-by laboratories 
at regular prevailing rates (see Table 2). 

Demonstration Work. Many different arrangements 
were found to provide for lecture demonstrations. 
Some arrangments for relieving the lecturer of this work 
had been worked out in all but one department. 
Demonstration facilities and equipment require con- 
stant care and proper storage. Without such service 
teachers may be forced to spend almost prohibitive 
amounts of time on this work. Some of the individuals 
employed in this type of work are listed as follows (see 
Table 2): 


Wife of chemistry graduate student—three hours 
per day 

Graduate students on appointment—12 hours per 
week 

Graduate chemist—employed full time for this 
work 


TABLE 2 
Chemistry Department Personnel—General 


School 


Total enrollment in chem- 


istry 400 500 1400 2300 300 725 2500 600 1000 1600 1100 1300 
Number of graduate stu- 

dents in chemistry 35 30 80 125 80 20 160 85 15 50 80 30 
Faculty 12 20 16 22 20 6 34 22 27 11 26 14 
Storekeepers ' 1.5 3 4.5 6 7 1 b 3 6 4 4 3 
Glassblowers 0.5 4 1 2 1 0 1 1 1 0.3 0.5 0 
Machinists + 2 2 2 1 0 3 2 1 0 3 0 
Analysts * 1 1 0.3 0 0 5 1.5 0 0 0 0 
Demonstrators 0.5¢ 0.3 1 1 1 0 1 1 1 0.3 0.3 1 


* Whole numbers represent full-time employees or equivalent. Decimals indicate portion of full time devoted to indicated work. 


’ Chemistry stores operated as a campus agency. 
© General repairman. 
4 General utility man. 


who maintain the facilities of the general chemistry laboratories. 
udes chemist for advanced laboratory preparation, bottle washer, employee to repackage chemicals, special apparatus repair- 


Ine 
man, and record inventory clerk. 

« Licensed engineer to maintain electrical and plumbing services. 
4 Two electricians, two plumbers, and one carpenter. 
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}:mployees specially trained—employed full time for 
this work 

Undergraduate chemistry majors chosen for their 
scholastic ability—about 30 hours per month 


Uther Staff Members. Storekeeper duties vary from 
school to school. Some do limited amounts of repair 
work in the building in addition to store work. In 
ove case, half of the working hours were spent as the 
department glassblower. Others do laboratory prepa- 
ration work or demonstration preparation work either 
of which may involve solution preparation. 

One department operated a chemical repackaging 
station requiring the services of a bottle washer and a 
full-time employee to do the actual repackaging i.to 
small units. This department also employs full time 
a graduate chemist to set out and maintain solutions 
and equipment for the physical chemistry and analyti- 
cal chemistry laboratories. 

The physical plant of one department includes an 
apartment where the head machinist lives; he has the 
custody of the building among his responsibilities 
(see Table 2). 


SUMMARY 


This survey of 12 schools by no means covers all 
the types of personnel arrangements and work assign- 
ments in chemistry departments. The observations 
indicate that the following practices are favored: 
(1) appointment of some type of supervisory assistant, 
in many cases a special employee and occasionally a 
faculty member either part or full time; (2) employ- 
ment of more than one secretary and separate assign- 
ments for each; (3) arrangement for someone other than 
a lecturer to set up and care for demonstration equip- 
ment; (4) provision of machine-shop and glass-shop 
services within the department; (5) employment of 
one or more storekeepers in cases where chemistry 
stores are operated as a chemistry-department agency; 
(6) provision of analytical laboratory services and 
department employees for specific or general mainte- 
nance, a practice found to a lesser extent. 

The addition of various staff services is based, of 
course, on real need. Often the value of a service 
increases after its acquisition and after some experience 
in using it. No really excess personnel provisions were 
observed during this survey. 


PROJECT 


CuemIcaLs closed up in cabinets for long periods and 
| subject to the varying seasonal changes of temperature 
and humidity though seemingly protected by plastic 
caps may escape slowly and be absorbed by wood or 
other surrounding materials. These vapors may even 
interact and cause some interesting phenomena. 

The localized growth of crystalline, stalactite-like 
structures suspended from the bottom of a reagent 
shelf beneath which a thiony] chloride bottle had previ- 
ously stood was responsible for this investigation. 

Students in the general organic laboratory were given 
some of the crystals as “unknowns.” Reports from 
these students indicated the presence of carbon, hydro- 
gen, nitrogen, chlorine, a melting point above 200°C., 
solubility in water and alcohol but only slight solubility 
in benzene. These observations suggested a polar 
compound. 

An attempt to detect the chemical or chemicals 
causing this seldom observed phenomenon was made by 
isolating the various chemicals lower in the cabinet 
than where the thionyl chloride bottle had previously 
stood. 

Among the chemicals on these shelves protected by 
seemingly tight-fitting plastic caps were the following: 
resoreinol, sodium potassium tartrate, succinic anhy- 


s SLEUTHING IN THE CHEMISTRY LABORATORY: 


LEROY D. JOHNSON 
Lincoln University, Lincoln University, Pennsylvania 


dride, sulfanilic acid, toluene, thiourea, o-tolidine, o- 
toluidine, trichloroethylene, petroleum ether, xylene, 
tartaric acid, phenylhydrazine hydrochloride, picric 
acid, and pentamethylene bromide. One by one each 
of these was placed alone in the cabinet to see if the 
crystals reappeared. 

After careful observation for several days as the chem- 
icals were replaced it was discovered that ortho-tolui- 
dine was the culprit responsible for the beautiful 
crystals. The wooden shelf absorbed hydrogen chlo- 
ride fumes which had been formed from the hydrolysis 
of thionyl chloride by atmospheric moisture. These 
then formed a salt with ortho-toluidine vapors. 


(air) 
SOCI, + + + 2HCIt 
o-CH;CsH,N He HCl [o-CH;C.H,N H;]* ci- 


This project in detective work in the chemistry lab- 
oratory was unexpectedly valuable in that (1) it pro- 
vided experiences and experiments for introducing 
prospective chemistry majors to problem-solving in 
qualitative organic analysis, (2) it gave pertinent 
information about storage and inspection of chemicals, 
and (3) it served as an introduction to the use of chemi-- 
cal reference literature. 
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TRENDS: DESCRIPTIVE INORGANIC CHEMISTRY 
AGAINST A BACKGROUND OF SUMMARIZING 
PRINCIPLES 


Tue rapidly growing mountain of chemical facts 
coupled with the constant pressure to include more 
topics in the beginning chemistry course constitute a 
problem of major proportions for the instructor of 
general chemistry. On closer examination of the 
problem, one finds that while it is the descriptive facts 
which mount most rapidly there has been an equally 
impressive growth in the direction of greater under- 
standing of chemical phenomena. Theories have be- 
come more general in their coverage and offer many 
qualitative explanations which even beginning students 
can apply. Principles have become more clearly de- 
fined and they should appeal to students as a logical 
way to organize and correlate the many, seemingly un- 
related facts with which they are confronted. 

In answer to those who fear that descriptive chem- 
istry is disappearing from beginning courses it can be 
asserted : 

(1) The approach through principles permits a 
greater degree of understanding and provides a strong 
motivating force for students who want to know the 
answer to the question, “why?” 

(2) It simplifies the study of facts. Students 
readily recognize the greater opportunities for sys- 
tematizing and organizing their knowledge. 

(3) Chapters on descriptive chemistry can be or- 
ganized more concisely. Brief references to previously 
discussed principles can replace longer explanatory sec- 
tions. Specific properties should appear in table form 
to point up trends. 

(4) In many cases qualitative predictions of prop- 
erties and reactions can be made, based on knowledge 
of such factors as electron configuration, size of atom 
or ion, electronegativity, and their trends in the 
periodic table. 

(5) Experience shows that facts will be retained for 
a longer time when they are learned against a back- 
ground of principles. Just as the trunk and main 
branches of a tree serve as a framework upon which the 
smaller twigs and the leaves may grow, so do the prin- 
ciples of chemistry provide a framework upon which 
the student may hang the descriptive facts in an or- 
ganized and meaningful manner. 

No two instructors or textbook writers will agree on 
what constitutes the most effective way to organize a 
course which emphasizes the approach through prin- 
ciples. Some of the factors which each instructor will 
have to consider are discussed below. 

If the student’s background in descriptive chemistry 
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is meager, principles should not be introduced until he 
has acquired some familiarity with the kinds of physi- 
cal and chemical properties which one finds in chem- 
istry. He cannot be expected to appreciate the sig- 
nificance of a principle until he knows some of the 
facts which are to be correlated. One effective solu- 
tion to this problem is to give the student a first look 
at the various types of elements he will encounter by 
sampling each of the main groups of elements across the 
periodic table. By selecting common or typical ele- 
ments such as sodium, magnesium, aluminum, carbon, 
nitrogen, oxygen, chlorine, an inert gas, and hydrogen 
and discussing their characteristic physical and chemi- 
cal properties, the student will gain a first impression 
of the value of a summarizing principle such as the 
periodic table. He will see trends in properties from 
those of active metals to those of nonmetals. Tables 
summarizing trends within each of the main groups 
should be included. This preliminary orientation is 
not intended to be an exhaustive treatment, and the 
student is told that its purpose is only to provide back- 
ground for a comprehensive section on principles. 
The degree to which the discussion of principles and 
theories should be quantitative will also depend on the 
background and major goal of the students in a par- 
ticular class. In general, the treatment of such topics 
as atomic structure, electron configuration (“electron- 
dot’”’ formulas will usually suffice), and trends in ioniza- 
tion potential and in electronegativity can all be done 
on a qualitative, almost nonmathematical _ basis. 
The fact that some of the topics may be new in the be- 
ginning course does not necessarily mean that they are 
difficult. Certainly their inclusion does not make the 
presentation a “miniature physical chemistry course.” 
The section on principles should also include ele- 
mentary ideas about chemical bonds and their relation 
to the classification of compounds with related prop- 
erties. Trends in the size of atoms and ions and the 
role that size plays in such phenomena as crystal 
structure, acid strength, and formation of hydrated and 
complex ions should be stressed. The concept of oxi- 
dation-reduction, its relation to the electromotive 
force series, electrolysis and voltaic cells, methods of 
balancing redox reactions, and the use of the concept 
of oxidation numbers are vital to a meaningful presen- 
tation of the descriptive chemistry of the nonmetals. 
To provide a background for writing reactions in 
ionic form, a consideration of some general solubility 
(Continued on page 392) 
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TRENDS: 


Cuanaz, as such, is characteristic of our present-day 
civilization. Our habits, mode of travel, recreation, 
courses of study, and our daily activities are materially 
different than those of 15 years ago. Each technical 
development and scientific discovery has had _ its 
effect on the activities and behavior of the human race. 
Certain of these are relatively insignificant while others 
are far-reaching in scope. 

The development of nuclear chemistry has greatly 
affected the subject matter content of our science 
courses. Items are now included which were unheard 
of a generation back. In addition, the topic “nuclear 
chemistry” is practically inseparable from that of 
“nuclear physics.”” Thus the gap between the sciences 
of physics and chemistry (if any) is materially nar- 
rower than it was a few years ago. 

This trend toward closer association of physics and 
chemistry is reflected in the content and style of 
our more recently written textbooks. The “physical 
approach” in the introduction to chemistry is cur- 
rently being stressed more extensively than it was 
10-16 years ago. Obviously text authors have had to 
reduce or omit space devoted to subject matter for- 
merly included, in order to incorporate these newer 
developments. The same may be said for the teacher’s 
allotment of course time. 

An examination of several recently written general 
chemistry textbooks reveals a definite emphasis on the 
physical approach with a corresponding reduction in 
the space formerly devoted to a descriptive treatment 
of topics. When one realizes that many of our re- 
cently graduated high-school seniors are exposed to 
this presentation, he must marvel that the number of 
scholastic failures is not greater than is evident. I 
believe that a descriptive introduction, associated with 
ample illustrations and examples, followed by the 
heavier physical approach—as the student’s mind be- 
comes able to assimilate the material—would lead to 
more thorough comprehension of the subject. 

Examination of one general chemistry textbook, 
published within the past three years, reveals the 
following: (1) topics such as atoms, atomic weights, 
isotopes, and Avogadro’s number are discussed (briefly) 
in the initial 10 pages; (2) valence and radicals are dis- 
cussed within the initial 28 pages; with (3) the metric 
system covered in a total of 37 lines of text space and 

' Presented before the Division of Chemical Education at 
the 128th Meeting of the American Chemical Society, Minne- 
apolis, September, 1955. 
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WHAT'S HAPPENING TO DESCRIP- 
TIVE INORGANIC CHEMISTRY? 


a conversion (equivalent) table containing nine items, all 
within the initial five pages of the text. Obviously there 
are very few unessential statements and a minimum of 
comparative examples and illustrations. Such a text 
may be ideal for superior students, but should prove 
quite difficult for the “mine-run” of recent graduates 
from our secondary schools. 

Fuller,? in discussing the humanistic values of the 
study of chemistry, has mentioned the need for a 
balance between descriptive and theoretical subject 
matter and has stressed the ‘communicative power 
of well-defined words” in chemistry. Sisler*? has de- 
scribed the possibilities and potentialities of inorganic 
chemistry in the college chemistry curriculum. In 
keeping with these concepts, I am not suggesting or 
intending that the present general chemistry course 
be diluted in subject content, but am of the firm 
opinion that a more even balance between descriptive 
and theoretical treatment would result in greater ap- 
peal, and possibly better understanding, by students 
who have had very little past contact or experience 
with such an approach. 

In an effort to gain some sort of qualitative informa- 
tion to support the concept that current textbooks in 
general chemistry have a physical approach, 11 such 
texts published during the nine-year period 1946-55 
were examined. A count was made of the number 
of text pages devoted to the topics: (1) halogens, 
hydro-halogens, and oxy-compounds of the halogens, 
as well as (2) sulfur, hydrogen sulfide, and oxy-com- 


? Fuuier, E. C., J. Coem. Epuc., 32, 80 (1955). 
3 Sister, H. H., J. Cuem. Epuc., 30, 551 (1953). 


TABLE 1 


Page Space Devoted to Two Collective Topics in Each of 
Eleven General Chemistry Texts Written During 1946-55 


—Topic considered and space in pages— 


Halogens, HX, Sulfur, 
Book Year oxry-compounds oxides and acids 
number published Chapters Pages Chapters Pages 

1 1946 4 37 2 21 

2 1949 2 33 2 27 

3 1950 3 27 2 20 
40 1951 4 45 2 25 

5 1952 2 23 2 20 

6 1952 1 17 1 12 

7 1954 2 18 2 20 

8 1954 2 22 2 20 

9 1954 1 18 2 11 
10 1955 1 15 1 11 
11 1955 1 18 1 16 


@ This text is known to stress the descriptive approach. 


| i 
i 


TABLE 2 
Research and Training of General Chemistry Textbook - 
Authors 
Field of Ph.D. research 
Present research interests 
Whole or partially physical. 11 


26° 
* Certain universities do not grant Ph.D. degrees in specific 
fields of chemistry. Thus this item may include additional in- 
dividuals whose degree was in inorganic. 
> The total number of individuals listed exceeds the total num- 
ber of authors and co-authors because some individuals express a 
dual research-field interest, such as physical-organic, etc. 


pounds and acids of sulfur. Full-page cuts and full- 
page tabular data as well as space devoted to exercises 
at the end of chapters were not included in this survey. 
‘This information is summarized in Table 1. 

The training and major fields of research interest of 
the 17 authors and co-authors of the 11 texts were ob- 
tained from the biographical information in ‘American 
Men of Science.” This information is listed in Table 
2. 

Data appearing in Table 1 show a trend toward re- 
ducing the text space devoted to two general topics 
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which could be given generous descriptive coverage, 
while information contained in Table 2 indicates that 
the majority of text authors and co-authors have ai 
interest in physical chemistry investigations. 

While a text in general chemistry should cover the 
entire field with equal stress and emphasis on each of 
the several important phases, it is logical to assume 
(and understand) that a writer will unconsciously 
stress those phases and aspects of the subject which are 
most interesting and real to him, at the expense of 
topics in which he is less directly interested. Thus it 
appears quite natural for one who is primarily in- 
terested in physical chemical research to approach the 
subject of general chemistry from the viewpoint which 
is closest to his heart. 

This present-day trend of stressing the physical 
approach may be due to the influence of modern de- 
velopments in nuclear chemistry, the background and 
training of the author(s), or a combination of both. 
I firmly believe that descriptive coverage is a vital part 
of the introductory course and should not be sacrificed. 
Could it be that this present trend could be a partial 
cause of our current scarcity of potential chemistry 
majors? Are we literally scaring them out of con- 
tinued study before they have an opportunity to de- 
clare a major? Let us hope that the pendulum of 
trends swings back to a happy medium balance in the 
not-too-distant future. 


rules for the common cations and anions, together with 
some examples of weak acids and bases and other 
slightly dissociated molecules, should be included. 

Some qualitative discussion of the factors influencing 
reaction rates, the reversibility of reactions, chemical 
equilibrium, and the application of Le Chatelier’s prin- 
ciple should aid as background, particularly in de- 
scriptive sections dealing with industrial production of 
chemicals. 

The limitations of the method which draws informa- 
tion from generalizations, without taking into account 
all of the factors, should always be kept before the 
student. For example, from valence considerations 
alone he might predict that the alkali metals would 


MALM: TRENDS 
(Continued from page 390) 


react directly with oxygen to form oxides of the for- 
mula, M,O0. Actually, due to variations in size of the 
ions, the oxides produced directly are Li,O, Navn, 
KOs, RbOs, and 

If a background of principles is cleverly woven in 
with the descriptive sections the instructor will be 
surprised at the ease of presentation and the increased 
interest on the part of the students. He will find that 
he can cover just as much descriptive material as ever 
and do it in a more effective manner. He will win 
over many students who are not satisfied with mere 
reliance on memory and want to know the reasons {or 
the observed phenomena—the kind of students who 
would make very desirable chemistry majors. 
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* A GAS-DENSITY BALANCE FOR STUDENT USE 


verage, 
es that 
ave an 
ver the 
ah od University of British Columbia, Vancouver, Canada 
assume 
clously 
ich are Gis-density measurements have been used in many _ balance has been developed in this laboratory which has 
nse off fundamental investigations. Ramsay determined the _ proven itself to be sufficiently robust. 
“hus it J atomic weight of radon by measuring its density. As- 
ily ton used the gas-density balance to study the isotopes 
ch the of neon. An extensive bibliography of the applica- The main components of the apparatus are an ordi- 
which tions of gas-density determination has been compiled nary analytical balance and a bell jar assembly con- 
by Partington (1). sisting of a metal base plate and a thick-walled glass | 
1ysical A school of English chemists headed by Whytlaw- bell covering it. Accessory equipment includes re- 
rn de- % Gray developed the instrument as a microbalance and ducing valves for the gas cylinders, a motor-driven 
d and & used it to determine the atomic weights of carbon and vacuum pump, a manometer, and a distributing line 
both. § nitrogen with an accuracy comparable to that ob- with two stopcocks (Figure 1). The balance column 
| part @ tained by the mass spectrograph (2). In Germany, A. is fastened to the metal base of the bell jar by four 
ificed. | Stock and his co-workers studied the errors inherent in screws. A rubber ring of about 2-mm. width and 
yartial % the instrument’s design and then devised a form of gas- 1-mm. thickness forms the gas-tight seal. A metal 
nistry [§ density balance which is easy to operate and has found _ bellows is soldered to the moving central rod and to the 
' con- — use in research and industrial laboratories (3). column (Figure 2). 


Continued interest in this research tool is reflected The pans of the balance are removed but the stir- 
by a number of recent publications, some of which de- _rups are retained to carry the suspension wires for the 
scribe gas-density balances for student use (4,5). The float and counterpoise. These suspensions consist of 
majority of these papers deal with fragile all-glass ap- #28 Chromel A wire. The float and counterpoise are 
paratus unsuited to the use of undergraduates. A made of Pyrex glass and their weights are adjusted to 
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Figure 1. General Layout 


1, 1’, Gas cylinders; 2, 2’, needle valves; 3, 3’, glass capillaries; 4, two-way stopcock; 5, two-way stopcock; 6, drying tube; 7, vacuum pump con- 
nection; 8, manometer; 9, constriction; 10, meter stick; 11, mercury trap; 12, gas inlet tube; 13, counterpoise; 14, hook and weight; 15, balance beam; 16, 
fluat; 17, thermometer; 18, spirit level; 19, position of metal bellows. 


—— 

(IS) | | 

| 

(8). (9) 

7 


balance in air at atmospheric pressure. 
The dimensions of the float are 125.7 mm. 
X 25.4 mm., while those of the counter- 
poise are 80 mm. X 25.4mm. The bal- 
ance zero can be changed by hanging 
weights in the form of wire hooks on the 
vacant hook of the stirrup carrying the 
counterpoise. The weights are made 
from Chromel A wire and weigh from 10 
to 60 mg. 

The gas inlet tube (at least */s in. in 
diameter) is screwed into the base plate. 
It is prolonged about 3 cm. inside the bell 
jar and has a closed end. The gas es- 
I capes through several 4-mm. holes drilled 

so that the escaping gas does not strike 
the balance mechanism. A thermometer 
(0-50°C., 0.1° divisions) and a spirit level 
are also provided inside the bell jar. 

The manometer is a mercury-filled 
Pyrex U-tube about 8 mm. in diameter 
and 1 m. in length which is mounted over a meter 
stick with one mm. divisions. It has a constriction to 
reduce the effect of surges and a trap with stopcock to 
protect the balance from the spilling of mercury. This 
trap connects the manometer to the manifold which has 
a calcium chloride tube attached to its open end. The 
vacuum pump, the gas cylinders, and the gas-density 
balance are connected to the manifold by thick-walled 
rubber tubing. A piece of glass capillary tubing 1 mm. 
bore, 100 mm. long is inserted in each of the lines from 
the gas cylinders to reduce surges. The cylinders them- 
selves are provided with needle valves. 


Figure 2. Bel- 
lows Seal 


Arrow shows 
direction of 
motion. 


METHOD OF OPERATION 


The appropriate weight is placed in the hook of the 
right stirrup and the bell jar put in position and sealed 
with Apiezon grease N around the outside of the ground 
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base. When the jar has been evacuated, the pump is 


_ shut off and the motor stopped to prevent vibration, 


The balance beam is released, and the standard gas let 
in until the balance trips over. The gas supply is 
then stopped at the needle valve and at the manifold, 
the pump started again, and the pressure inside the 
jar reduced slowly until the balance is at zero. The 
pressure and temperature inside the jar are now re- 
corded and the gas pumped out again. The whole pro- 
cedure is repeated with the unknown gas. It is ad- 
visable to rinse with each gas before taking the final 
reading because gases tend to linger under the bell jar. 

The recorded pressure p is reduced to 0°C. by the 
formula po° = (p X 273)/T. The molecular weight 
of the unknown gas can then be calculated from the re- 
lation: 


M.W.st. X = M.W.x X po°cx) 
TYPICAL RESULTS 


A few representative results are shown in Table 1. 
These values are the averages of five independent trials. 

The molecular weights of a variety of technical-grade 
gases were determined. The results are given in 
Table 2. 

The composition of binary mixtures of nonreacting 
gases could also be determined provided that the molec- 
ular weights of the components differed sufficiently 
and that the components were present in more than 
trace amounts. 

The performance of this gas-density balance shows 
that the ideas embodied in its construction are sound. 
These ideas are (1) to increase the upthrust of the float 
by increasing its volume and thus obtain readily meas- 
urable forces, (2) to use the mechanism of an ordinary 
analytical balance to compare these forces, and (3) 
to use a metal bellows for introducing the motion re- 
quired for the beam-arrest mechanism. 

In this way a desirable ruggedness of the equipment is 
attained without sacrifice of accuracy. As can be seen 


TABLE 1 f h | 
of of Os os Menderd rom the results tabulated above, the limitation lies in 
awoke the manometric technique and not in the performance 
of Or in of No in of the balance. Limiting density experiments or de- 
mm. mm. 32.00 termination of compressibility coefficients could be 
330.0 + 03 377.1407 28.06 + 0.07 done by using a more sensitive manometer such as a 
173.9 + 198.5 + 28.05 + 0.07 McLeod gage. 
133.0 = 0. 129.0 + 28.07 + 0.11 j i } icti i 
as This apparatus is subject to the restrictions that it 
will handle neither small quantities of gas nor corrosive 
TABLE 2 
Determination of M.W. of Technical-grade Gases 
MW. MW. 
po° of standard gas in mm. po° of unknown gas in mm. found theoretical 
Nitrogen 557.5 Argon 389.9 40.10 39.99 
557.5 Ethylene 557.3 28.55 28.05 
Carbon dioxide 362.3 Methyl] Chloride 314.5 50.70 50.49 
«“ “ 362.3 Oxygen 494.6 32.50 32.00 
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gases. For the elementary physical chemistry labora- 
tory these limitations are not serious because a fair se- 
lection of non-corrosive gases is available in compressed 
form and a lecture bottle of the gas is sufficient for many 
experiments. 


LITERATURE CITED 
(1) Partineton, J. R., “An Advanced Treatise on Physical 


Chemistry,’’ Longmans, Green & Co., London, 1949, Vol. I, 
p. 753. 

(2) LeaADBEATER AND WuyTLaw-Gray, Quarterly Reviews of the 
Chemical Society, IV, 170 (1950). 

(3) ScuounMacuErR, MOLLET, AND Ciustvs, Helv. Chim. Acta., 33, 
2117 (1950). 

(4) Danrets, MatTHEews, AND Wi.iams, “Experimental Physi- 
cal Chemistry,’’ 4th ed., McGraw-Hill Book Co., Inc., 
New York, 1949, p. 7. 

(5) Eperuarp, W. H., J. Cuem. Epuc., 27, 248 (1950). 
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DEAD TIME OF A GEIGER-MUELLER TUBE 


BY THE DOUBLE-SOURCE METHOD 


Avrer each pulse in a Geiger tube there is a short 
interval in which the tube is inactive. A particle pass- 
ing through the tube during this interval will cause no 
pulse, or the pulse will be too small to be registered. 
If tis the dead time per count, and m is-the number of 
counts registered in time 7’, then mt is the total dead 
time in the interval 7. If n particles actually enter the 
tube in time 7’, the average number of events per unit 
time is n/T. This means that mt X n/T particles, on 
the average, enter the tube during the dead time and 
are not counted. If we assume that the rate is not so 
high that there is any appreciable probability of two 
particles entering during the dead time, then: 


(1) 


T 
When rearranged this yields: 


1 — mt/T 


By dividing both sides of the equation by 7’, we obtain 
an expression which gives the rates. 


m 


(2) 


In this equation R* represents the true rate at which 
particles enter the tube, and R the rate actually counted, 
neither of which is corrected for any background. 

The double-source method for determining the dead 


time makes use of two sources. These are counted 


separately, then both together, and then the back- . 


ground obtained, making sure that the geometry is the 
same in all cases. 

If R* represents the true rate at which particles 
enter the tube, then: 


(4) 


Ri* + = + R,* 


R. THOMAS MYERS 
Colorado School of Mines, Golden, Colorado 


This is true since R,* + R,* includes two background 
counts, and Ry,* only one. If we subtract 2R,* from 
both sides, the result is: 


R,* + R.* = Ri2* (5) 


The symbol R* represents the true rate corrected for 
background. 

Now let us assume that these true rates are given by 
the following equation in which actual rates, corrected 
for background, are used. This is true if the fraction 
of lost counts is constant in the interval between R* 


and R*. Since R, is quite small compared to the other 
counts, this is nearly true. 
Ri Ris 
(6) 


When this equation is expanded as a quadratic in /, the 
solution is found to be the following, where Q = 
and A = R; + — Re. 

pa Vit Qa-1 

Riu 

Other ways have been used to calculate the dead time, 
starting with data obtained by the double-source 
method. After substituting (3) in (4) we get the follow- 
ing: 


(7) 


Re 
1 — Rot 


Ry 


1 — Ret 


1 — Rt 


7 (8) 


The exact solution! to this equation is: 


+ (Ry rs) | (9) 


with 


1 E., anp G. J. Gotpsmirs, “Experimental Nucle- 
onics,” Rinehart & Co., Inc., New York, 1952, p. 61. 
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Comparison of Calculations for Dead Time of a Geiger 


Dead time, 
Equation used min. X 10% Deviation 
(7) 4.41 -6% 
(9) 4.69 0 
(10) 4.59 —2% 
(11) 5.59 +19% 


Ri + Rh: Re he 
2(Ri — Rs) (R2 — Ro) 


Since ¢, is rather small, then the correction factor, en- 
closed in brackets in equation (9), is also small, and 
equation (10) is an approximation? to the dead time ¢. 

Another approximation has been derived by Beers.* 


2 Lapp, R. E., anp H. L. ANpRews, “Nuclear Radiation Phys- 
ics,’ 2nd ed., Prentice-Hall, Inc., New York, 1954, p. 459. 

3 Beers, Y., Rev. Sci. Instr., 13, 72 (1942); BLEULER AND GoL»p- 
sMITH, loc. cit., p. 61; G. FRIEDLANDER AND J. W. KENNEDy, 
“Nuclear and Radiochemistry,’’ John Wiley & Sons, Inc., New 
York, 1955, p. 266. 


ty (10) 
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Ri + — Re — Rs 
Ri? — — 


A comparison of these various methods for calculat- 
ing the dead time, using data of the double-source 
method, is given in the table. This is based on the 
assumption that R; = R. = 104, Ry = 1.9 & 104, and 
R, = 100 counts per minute. 

If the rates have been determined by a five-minute 
count, then the probable error of the largest rate in 
equation (10) is 30 ¢. p. m., which is about 3.5 per cent 
of Ri + R2’— Ry — Ry. The over-all probable error 
in the quantity ¢ will be of this order of magnitude. 
The deviation of equation (10) is well within the limits 
of the probable error, and is by far the easiest to use, 
so it is the one preferred in the calculation of dead time. 
In fact, unless the dead time is very high, it is prefer- 
able to the exact equation (9). Equation (7) has some- 
what less ease of calculation and accuracy. Equation 
(11) does not present any advantages in ease of calcu- 
lation or accuracy. 


(11) 


AUSTIN McDOWELL PATTERSON (1876-1956) 


Austin M. Parrerson brought to chemistry a mind trained in 
the classics, expertly able to reduce the thoughts of those having 
other linguistic backgrounds to common understanding. For 
more than 50 years he applied these talents to the problem of 
international communication and to the creation of a system of 
classification to which a chemist could turn and be reasonably 
sure that he was finding all the references to the subject under 
consideration. 

Austin Patterson was born in Damuscus, Syria, the son of a 
medical missionary. The family returned to Xenia, Ohio, when 
he was less than a year old and he attended the public schools 
there. He was graduated from Princeton University in 1897 
with a B.A. in classics. His knowledge of Greek, Latin, French, 
and German was to be of great value to him in his career, as well 
as the working knowledge of Arabic he gained from his father. 
While a freshman he took a required course in chemistry and 
became so interested in the subject that he took the available 
chemistry courses in addition to his classics courses. His caliber 
as a student was such that he was confronted with two opportu- 
nities upon his graduation: one, a fellowship to continue his 
classical studies, and the other, an assistantship in the chemical 
laboratories of the school of science. He turned both down in 
favor of The Johns Hopkins University, where three years later 
he received his Ph.D. in chemistry. 

It was a natural consequence that he first turned to teaching 
for a career by going to Center College, Danville, Kentucky, 
1900-1901, and then to Rose Polytechnic Institute, Terre Haute, 
Indiana, 1901-03. The following four years he spent as chemical 
editor for ‘‘Webster’s New International Dictionary.”’ 

His next association was with William A. Noyes, Sr., who was 
concerned with the organization of Chemical Abstracts. He 
became associate editor and later editor, serving in the latter 
capacity 1909-14. 

During the early years of World War I he worked on a method 
of indexing organic compounds for Chemical Abstracts which 
entailed the development of a complete system of naming 
organic compounds. This was the beginning of the work for 
which he was best known. From then until 1952 he served on 
eight national and international committees on chemical nomen- 


clature including that of the International Union of Chemistry 
In collaboration with Leonard T. Cappell he undertook and 
completed the painstaking task of listing and cataloguing all of 
the known ring systems in organic chemistry. The result of 
this work was ‘The Ring Index.”’ 

He served his government as a member of Chemical Warfare 
Service in World War I and as principal specialist in chemical 
education for the Engineering Science and Management War 
Training Commission during World War II. 

In 1921 he met Arthur E. Morgan and after listening to his 
plans for the reorganization of Antioch College as a completely 
cooperative liberal-arts college, he joined the faculty as chairman 
of the chemistry department where he remained until his retire- 
ment in 1941. He served as vice-president of the College from 
1930 to 1941 and as a trustee 1941-45. He was an active 
emeritus professor and took part in chemistry department 
activities until late in 1955. His active participation in com- 
munity affairs prompted the Xenia Chamber of Commerce to 
present him with their 1954 Community Service Award. 

All chemists know him for his “English-German and English- 
French Dictionaries for Chemists,’ and in later years for the 
column “Words about Words’’ which appeared in the Chemical 
and Engineering News. In collaboration with E. J. Crane of 
Chemical Abstracts he published “A Guide to the Literature of 
Chemistry”’ in 1927. 

Tn 1949 he was honored by the Dayton Section of the Americ::n 
Chemical Society, of which he was a charter member, for his work 
in documentation of chemistry by the establishment of a perma- 
nent biennial award bearing his name for work in this field. 

Among his friends, students, and associates he is remember: 
as a modest, scholarly, and easily approachable person who gave 
without stint from his highly developed organizational abilitv, 
to his community, his college, his government, and the world of 
chemistry. He impressed everyone he met as one who in every 
sense of the word could be called a gentleman. 


JAMES F. CORWIN 
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THE U.S. 5S. 


INTRODUCTION 


In attempting to compile information concerning 
U.S. S. R. publications we are confronted with a total 
lack of authoritative data, 7. e., bibliographic data 
emanating at the source. Not that such bibliographic 
information does not exist, it does—as of necessity it 
must exist—but at the present we do not have it and 
cannot obtain it. Yet, this information is essential if 
we are to abstract, index, search, and evaluate Soviet 
scientific and technical literature. 

In this and the following papers I shall attempt to 
deal with U.S. S. R. publications, not so much with the 
quality of their content but rather with their formal 
status. 

All that is going to be said here is based on experience 
accumulated over a period of ten years during which I 
have been examining U. 8.8. R. publications, studying 
them and their make-up in the course of my work for 
Chemical Abstracts. The conclusions drawn from this 
experience are personal and wholly empirical. 

The following remarks are concerned exclusively with 
periodic literature, primarily in chemistry and related 
fields. 


ORGANIZATION OF A PUBLICATION 


Each Soviet periodical publication which has so far 
come to my attention had three distinct bodies con- 
nected with it: sponsoring body, editorial board, and 
publisher. Obviously, each publication has also a 
printer. 

By sponsoring body I refer to an institution or organ- 
ization which officially is responsible for the publica- 
tion, takes credit for it, and presumably carries its cost. 

The sponsoring body is usually identified at the top of 
the title page or just’ below the name of the publica- 
tion. The first form is usually followed in publications 
having a general title, like Zhurnal, Trudy, Vestnik, 
Uchenye Zapiski, etc. The second form, 7. e., the name 
of the sponsor following the title, is given on publica- 
tions having a specific name, such as Ugol, Stal’, 
Khimicheskaya Promyshlennost’, Stanki 1 Instrument, 


! Presented before the Division of Chemical Literature at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 


‘ministries. 


SCIENTIFIC AND TECHNICAL LITERATURE OF 


I. Publications and Publishers 


M. HOSEH 
Chemical Abstracts, Washington, D. C. 


and the like. We shall see later on that the title is not 
merely indicative of the content of a publication but 
also of its background, and thus the location of the 
sponsor’s name is to some extent specific. 

Editorial Board. Our publications usually have an 
editor, they may also have an executive editor (the 
fellow who does the work), and in society publications 
an advisory board which functions in a more or less 
perfunctory manner. 

Soviet periodical publications have an _ editorial 
board—Redaktsionnaya kollegiya, usually abbreviated 
Redkollegiya. The board or collegium consists of the 
editor-in-chief, Glavnyi redaktor; his deputy, Zame- 
stitel’ glavnogo redaktora; secretary, Uchenyi sekretar’ ; 
and several board members. The editorial board is 
apparently appointed by the sponsoring body and is 
responsible for the content and quality of the publica- 
tion. The members of editorial boards, particularly of 
academy and university publications, are men out- 
standing in their fields. Trade publications—which 
will be defined later—usually have a technical editor, 
Tekhnicheskii redaktor. The name of the technical 
editor is often but not always printed on the back page 
along with the name of the proofreader. 

Publishers. Publishers of scientific periodic litera- 
ture in the Soviet Union can be divided into two groups, 
the academies and universities form one group, while 
all the others belong in the second group. The distin- 
guishing mark of the first group is that the publisher is 
synonymous with the sponsoring body. Thus, when 
the sponsor is Akademiya Nauk SSSR, then the pub- 
lisher is zdatel’stvo Akademii Nauk SSSR; publications 
of the Moscow State University are issued by the 
Tzdatel’stvo Moskovskogo Gosudarstvennogo Universiteta. 
The publishers of this group usually have their own 
printing establishments. 

The second group publishes the various journals, 
serials, and monographs sponsored by the different 
The publishers of this group are numerous 
and go under a variety of names: Gizlegprom (literature 
on light industry), Medgiz (medical and health publica- 
tions in the widest sense), Gostoptekhizdat (petroleum 
and coal-mining literature), Sel’khozgiz (literature on 
agriculture), etc. The name of the publishing house, 
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respectively the approved abbreviation as here given, 
denotes the type of material which it handles. These 


SPONSORING BODIES 


Academies. Under the Soviet system the entire 
publishing program of scientific and technical literature 
is directly sponsored by the government as is all other 
publishing. The actual sponsors are distinct bodies 
clearly identified on the publication. 

The most important sponsor by far, with respect to 
quantity and quality of scientific material, is the 
Academy of Sciences of the U. 8. S. R., Academiya 
Nauk SSSR, together with its several branches, 
Filialy Akademii Nauk SSSR (Ural’skit Filial, Karelo- 
Finskit Filial, Kazanskit Filial, Moldavskii Filial, 
etc.); there are 15 or more such branches. 

The Academy publishes a most impressive list of 
publications. These can be divided into two classes: 
those published by the Academy as a whole, and pub- 
lications issued by the departments into which the 
Academy is subdivided. Into the first group fall: 
Doklady, Vestnik, and such important journals as 
Zhurnal Fizicheskoit Khimii, Zhurnal Obshchet Khimii, 
Zhurnal Prikladnot Khimii, Zhurnal Analiticheskoi 
Khimii, Uspekhi Khimit, Kolloidnyi Zhurnal, Zhurnal 
Eksperimental’not i Teoreticheskoit Fiziki, Zhurnal 
Tekhnicheskoi Fiziki, Biokhimiya, Mikrobiologiya, and 
Uspekhi Sovremennoi Biologii, to mention only some of 
the journals. The publications of the departments of 
the Academy are called Jzvestiya Akademii Nauk 
SSSR and are modified by the name of the respective 
department, such as Otdelenie Khimicheskikh Nauk, 
Otdelenie Tekhnicheskikh Nauk, Seriya Biologicheskaya, 
Seriya Fizicheskaya, and so on. A large department, 
such as Oldelenie Khimicheskikh Nauk may comprise 
several institutes and these in turn issue their own 
publications. Thus, Institut Obshchet i Neorganicheskot 
Khimii (General and Inorganic Chemistry) which is 
further divided into “sectors” publishes [zvestiya Sek- 
tora Fiziko-Khimicheskogo Analiza, and Izvestiya Sek- 
tora Platiny i Drugikh Blagorodnykh Metallov, both re- 
markable publications, the first dealing primarily with 
phase rule and the geometry of chemistry, and the 
second with coordination compounds. The Vestnik, 

Doklady, the Zhurnal’s, and the several Jzvestiya’s 
are periodicals, 7. e., they are issued at definite intervals. 

The Jzvestiya’s of the two sectors are serials issued at no 
specific intervals; there are usually 1-3 volumes a 

year. Each issue is referred to as volume (tom) and 

numbered consecutively. Occasionally, one volume 

appears in several parts. 

In addition to the publications of the central acad- 

emy, its various branches or Filial’s have their own 

publications. The extent of their publishing activity 

varies greatly. In this respect, the Ural’skii Filial is 

the most important; it publishes among others Trudy 

Gorno-Geologicheskogo Instituta, Trudy Instituta Biologii, 

and Trudy Instituta Fiziki Metallov. 

Besides the regular departments and their subdivi- 


publishing houses seem to farm out their printing jobs. © 
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sions, and the regional branches and their subdivisions 
(not to be confused with the Regional Academies), a 
large number of research institutes are connected with 
and directed by the Academy. Among these institutes 
are: Institut Fizicheskot Khimti, Fizicheskit Institut, 
Institut Kristallografii, Institut Nefti, Pochvennyi In- 
stitut im. V. V. Dokuchaeva, Institut Geologicheskikh 
Nauk (publishing several series), Institut Fiziologii 
Rastenit im. K. A. Timiryazeva, Institut Mikrobiologii, 
as well as a number of research laboratories, such as 
Biogeokhimicheskaya Laboratoriya and Laboratoriya 
Sapropelevykh Otlozhenit. All of these institutes pub- 
lish their own Trudy. 

The Academy publications discussed hitherto, be 
they periodicals or serials, are scheduled publications. 
In addition to these the Academy issues occasional 
volumes dealing with specific topics: a conference 
called to discuss spectroscopic methods, or flotation 
problems, or else the theory of chemical bonds. The 
papers presented at such conferences and the discus- 
sion of these papers will appear in one or more volumes, 
usually called Trudy Konferentsii po. . . or Trudy 
Soveshchaniya po. . . followed by the name of the topic 
of the conference. A similar type of material is pre- 
sented by the work of a committee appointed by the 
Academy to study a certain field or problem. The 
work of the committee may extend over several years. 
Papers written by members and papers invited by them 
appear in one or more volumes, usually as Trudy 
Kommissii po. . . followed by the subject of the investi- 
gation, such as Analiticheskoi Khimit. 

The Academy also publishes numerous monographs 
on a variety of scientific and industrial problems, such 
as metallo-organic compounds, mine safety, and many 
others. 

Another type of Academy publication is memorial 
volumes honoring some of their great scientists, e. 9., 
Sbornik posvyashchennyi semidesyatiletiyu akademila 
A. E. Ioffe, 1950; Voprosy mineralogii, geokhimii i 
petrografit, issued as the Fersman memorial volume in 
1946; and the Belyankin memorial volume of the same 
year. 

Regional Academies. Most of the federated republics 
of the Soviet Union have their own Academy of Sciences 
which, for the sake of convenience, I shall call regional 
academies. A regional academy usually starts out as a 
branch of the Akademiya Nauk SSSR. Its first task 
is to train research personnel from among the respective 
nationalities to staff the laboratories and institutes. 
As qualified personnel become available, it gradually 
takes over administrative and research duties. When 
the local staff is of such quality and quantity that it can 
initiate and carry out a research program on a proper 
level, and when its training program is developed to a 
point where it is assured of a continuous supply of 
scientific personnel, the branch is transformed into an 
independent academy. 

At present there are the following regional academies: 
(1) Akademiya Nauk Armyanskot SSR (Armenian), 
(2) Akademiya Nauk Azerbaidzhanskoi SSR (Azer- 
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baidzhan), (3) Akademiya Nauk Belorusskoi SSR 
(Belorussian), (4) Akademiya Nauk Estonskot SSR 
(Estonian), (5) Akademiya Nauk Gruzinskot SSR 
(Georgian), (6) Akademiya Nauk Kazakhskot SSR 
(Kazakh), (7) Akademiya Nauk Kirgizskoit SSR (Kir- 
giz), (8) Akademiya Nauk Latviiskot SSR (Latvian), 
Akademiya Nauk Litovskot SSR (Lithuanian), (10) 
Akademiya Nauk Tadzhikskot SSR (Tadzik), (11) 
Akademiya Nauk Turkmenskoit SSR (Turkman), (12) 
Akademiya Nauk Ukrainskot SSR (Ukrainian), and 
(13) Akademiya Nauk Uzbekskoit SSR (Uzbek). 

The organization of the regional academies parallels 
that of the Akademiya Nauk SSSR but the extent to 
which they follow the research progress of the main 
Academy varies. Quite naturally, the regional acade- 
mies devote most of their effort to research problems 
peculiar to their regions. The U. 8S. 8. R. Academy 
may study the theory of metal structure but the 
Kazakh Academy will investigate the dressing of poly- 
metal nonferrous ores while the Ukrainian Academy 
will investigate the treatment of ferrugenous ores. 
The U.S. 8S. R. Academy will conduct research in plant 
physiology but the Armenian Academy is more likely 
to study disease prevention and fertilization of fruit 
trees and vines, and the Turkman Academy will study 
similar problems applied to cotton. The Kirgiz and 
Tadzhik academies are more likely to emphasize animal 
husbandry, the Azerbaidzhan Academy petroleum, 
and the Belorussian Academy peat. 

Even as the organization of the regional academies is 
fashioned after that of the U. 8. 8. R. Academy of 
Sciences so does-their publication program, but on a 
much reduced scale. 

Every one of the regional academies publishes a 
Vestnik, many publish one or more Jzvestiya’s and 
Trudy of their own subdivisions, and a few publish 
Doklady. 

Since the avowed aim is to have the native or local 
language dominant in the cultural activities of the re- 
gion, all of the titles and at least part of the text are 
given in the native tongue. A Russian translation of 
the title usually but not always follows. Thus we 
have: Zyegwoihtzner (Doklady) and Delegakir (Iz- 
vestiya) published by the Armenian Academy. The 
Kazakh Academy issues Kkabarlary (Izvestiya) and 
Khabarshysy (Vestnik); the Latvian, Vestis (Izvestiya) 
and Raksti (Trudy); the Uzbek, Dokladlari (Doklady) 
and Akhboroti (Izvestiya); and soon. The Ukrainian 
Academy publishes Dopovidi and Visnik (corresponding 
to Doklady and Vestnik) wholly in Ukrainian, while 
the Georgian Academy issues Moambe and Shrometi 
in Georgian and the corresponding Soobshcheniya and 
Trudy in Russian. 

Of the regional academies the most prolific publisher 
is the Ukrainian Academy, Akademiya Nauk 
Ukrains’koi RSR. In addition to Visnik and Dopovidi 
mentioned above, the Ukrainian Academy publishes 
Ukrainskit _Khimicheskit Zhurnal (in Russian). It is 
the only regular scientific journal published by that 
academy as a whole; the institutes of the Ukrainian 


Academy publish regularly: (1) Botanichnyi Zhurnal 
(in Ukrainian), (2) Geologichnyi Zhurnal (in Ukrainian), 
(3) Mikrobiologichnyi Zhurnal (in Ukrainian), (4) 
Ukrainskit Biokhimichnyi Zhurnal (in Ukrainian), (5) 
Avtomaticheskaya Svarka (in Russian), (6) Medichnyi 
Zhurnal (in Ukrainian), and (7) Ukrainskit Matemati- 
cheskit Zhurnal (in Russian). 

In addition to the above, the departments of the 
Ukrainian Academy publish serials, such as: Trudy 
Instituta Chernoit Metallurgii, Trudy Instituta Gidro- 
biologii, and many others. 

The Latvian, Armenian, and Kazakh academies are 
probably the next most important sponsors and pub- 
lishers of scientific material. 

Besides the U. 8. 8. R. Academy and the regional 
academies there is also the Lenin Academy of Agricul- 
tural Sciences, Vsesoyuznaya Akademiya  Sel’sko- 
khozyaistvennykh Nauk im. V.I. Lenina, which sponsors 
Doklady published by Sel’khozgiz and the Academy of 
Medical Sciences, Akademiya Meditsinskikh Nauk 
SSSR, sponsoring Vestnik published by Medgiz. 

Universities. The other bodies in the sponsor- 
publisher group are the universities. It should be 
noted here that in the Soviet Union as in the rest of 
continental Europe universities are state institutions 
coming within the jurisdiction of the Ministry of 
Higher Education. Therefore, every university is a 
“Gosudarstvennyi Universitet’’—a State University. A 
university is usually identified by the city in which it is 
located, thus: Moskovskii, Kievskii, Tomskii, or 
Khar’ kovskit Gosudarstvennyi Universitet. Often, there 
is the name of a patron attached to it, e. g., Leningrad- 
skit Gosudarstvennyi Universitet im. A. A. Zhdanova, 
but it is of little importance as patrons come and go 
while the institution remains. On its publications the 
name of the sponsoring university appears at the top 
of the cover and at the head of the title page. 

The title of a university periodical is usually Uchenye 
Zapiski or Nauchnye Zapiski; thus, Uchenye Zapiski, 
Kazanskii Gosudarstvennyi Universitet im. Ul’ yanova- 
Lenina, Naukovi Zapysky, Kyivskyi Derzhavnyi Uni- 
versitet im. T. G. Shevchenko, and so on. The larger 
universities, such as Moscow and Leningrad, publish 
also a Vestnik. The Leningrad University issues in 
addition a Nauchnyi Byulleten. 

Most of university publications are serials rather than 
regular periodicals. Exceptions are the Vestnik of the 
Moscow University and the Vestnik of the Lenin- 
grad University which are monthlies. The Moscow 
University Vestnik appears in two series: Seriya 
Obshchestvennykh Nauk devoted to humanities, and 
Seriya Fiziko-Matematicheskikh i Estestvennykh Nauk 


. devoted to mathematical and natural sciences. 


The Uchenye Zapiski and Nauchnye Zapiski being 
serials are numbered consecutively. One issue may be 
given over to the work of one of the university depart- 
ments and in that case will carry two numbers: the 
consecutive number in the whole series and the consec- 
utive number of issues devoted to the work of the 
particular department, Fakultet; thus, Uchenye Za- 
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piski, Moskovskit Gosudarstvennyi Pedagogicheskit In- 


stitut im. V. I. Lenina, Kafedra Obshchei i Analiti- , 


cheskoi Khimii, and Uchenye Zapiski, Leningradskii 
Gosudarstvennyt Universitet im. A. A. Zhdanova, Seriya 
Khimicheskikh Nauk. 

The Moscow and Leningrad universities have the 
largest publication program among Soviet universities. 
Other universities with a significant publication pro- 
gram are those of Kiev, Kazan, Lv’iv, Khar’kov, and 
Odessa. The Tomsk University, the Central-Asia 
University in Tashkent, the Karelo-Finnish University 
in Petrozavodsk, and the Riga University are worth 
notice. Other universities also publish but their 
publications most likely are issued in small numbers 
and are difficult to obtain. 

Besides universities, other schools of higher educa- 
tion, such as schools of engineering, Politekhniki or 
Politekhnicheskie Instituty; teachers’ colleges, Peda- 
gogicheskie Instituty; schools of mining, Gornye In- 
stituty; and other specialized schools issue their own 
publications, e. g., Nauchnye Trudy, Moskovskii Gornyi 
Institut im. I. V. Stalina, Naukovi Zapysky, L’vivskyi 
Politekhnichnyi Institut, and Uchenye Zapiski, Lenin- 
gradskit Gosudarstvennyi Pedagogicheskiit Institut im. 
P. N. Pokrovskogo. 

Ministries. Hitherto were discussed sponsoring bod- 
ies which are simultanevusly their own publishers. 
The other group of sponsoring bodies is made up of 
organizations which have no publishing establishments 
of their own, at least not identified directly as such. 
This includes such government bodies as ministries, 
bureaus, boards, and the like. 

In the Soviet Union each major phase of activity and 
each major industry is headed by a ministry. There is 
a ministry of health, a ministry of agriculture, a ministry 
of food, a ministry of chemical industry, of metallurgy, 
of coal, petroleum, building materials, ete. Each 
ministry sponsors one or more periodicals which will be 
referred to as trade journals in its field of activity. 

The sponsors of trade journals are identified on the 
title page, usually on the masthead, by a statement 
“organ” of such and such ministry, e. g., Organ Mini- 
sterstva Khimicheskot Promyshlennosti SSSR, Organ 
Ministerstva Ugol’noi Promyshlennosti SSSR, . . .Neftya- 
not Promyshlennosti, or . . .Sel’skokhozyaistva, as the 
case may be. 

The publishers of ‘the trade journals are distinct 
from the sponsors and have their own names. Some 
of these were already mentioned before. 

The most prolific sponsors of technical periodicals are 
the Ministry of Health, Ministerstvo Zdravookhraneniya 
SSSR, and the Ministry of Agriculture, Ministerstvo 
Sel’skogo Khozyaistva SSSR. Another one which pub- 
lishes a number of journals is the Provisions’ Ministry, 
Ministerstvo Promyshlennosti Prodovol’stvennykh Tova- 
rov SSSR. The publishing houses of these ministries 
are: Medgiz, Sel’hozgiz, and Pishchepromizdat, re- 
spectively. 

An important branch of a ministry also may sponsor 
its own publication. Thus, e. g., Sakharnaya Promysh- 
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lennost’ (Sugar Industry) is sponsored by Glavnew 
Upravlenie Sakharnoit Promyshlennosti (Glavsakhar), 
Ministerstvo Promyshlennosti Prodovol’stvennykh To- 
varov SSSR. Vinodelie i Vinogradarstvo SSSR (Wine 
Making and Wine Growing) is published by Glavnoe 
Upravlenie Vinodel’cheskoi Promyshlennosti of the same 
ministry. 

Some publications are sponsored by more than one 
ministry, e. g., Mekhanizatsiya Trudoemkikh i Tya- 
zhelykh Rabot is sponsored by the Ministries of Coal, of 
Lumber and Paper, and of Building, Ministerstvo 
Ugol’not Promyshlennosti SSSR, Ministerstvo Lesnoi 
Bumazhnoi Promyshlennosti SSSR, and M inisterstvo 
Stroitel’stva SSSR. Even more (four) sponsors has the 
Vestnik Mashinostroeniya, a monthly devoted to ma- 
chine building, and sponsored by the Ministry of Build- 
ing and Road Construction Machinery (Ministerstvo 
Stroitel’nogo i Dorozhnogo Mashinostroeniya), the Minis- 
try of Shipbuilding Industry (Ministerstvo Sudostroi- 
tel’noi Promyshlennosti), the Ministry of Transporta- 
tion-Machinery Building (Ministerstvo Transportnogo 
Mashinostroeniya), and the Ministry of Heavy Ma- 
chinery Construction (Ministerstvo Tyazhelogo Mashino- 
stroeniya). 

Industrial Institutes. The trade journals are in- 
dustry wide and deal only with general organizational 
and production topics. Industrial research is carried 
on in industrial research institutes. Each ministry 
concerned with industrial or consumer goods maintains 
one or more research institutes where applied research, 
pilot-plant operations, material testing, etc., is carried 
out. 

All of these institutes publish serials more or less 
frequently. They are usually called Trudy, Sbornik 
Rabot, or Sbornik Statet modified by the name of the 
institute. Thus, Trudy, Gosudarstvennyi Nauchno- 
Tssledovetel’skit Institut Tsementnot Promyshlennosti 
(State Institute of Cement Technology) is sponsored by 
the Ministry of Building Material Industry; Sbornik 
Statet, Vsesoyuznyi Nauchno-Issledovatel’skit Institut 
Khimicheskogo Mashinostroeniya (All-Union Institute 
of Chemical Machine Building), sponsored by the 
Ministry of Equipment and Apparatus Building; and 
Sbornik Rabot, Gosudarstvennyi Institut Prikladnot 
Khimii (State Institute of Applied Chemistry), spon- 
sored by the Ministry of Chemical Industry. 

A ministry may be concerned with more than one 
material and is therefore likely to maintain research 
institutes in several fields. Thus, the above-men- 
tioned Building Material Ministry maintains a research 
institute of building ceramics, Vsesoyuznyi Nauchno- 
Tssledovatel’skii Institut Stroitel’not Keramiki, which 
publishes Trudy; and an institute for asbestos-cemeit 
products, Vsesoyuznyi Nauchno-Issledovatel’skit 
stitut Asbestotsementnykh Izdeliit which also publishes i's 
Trudy. It also maintains a research institute for 
structural glass, one for paint and finishing materials, 
and several others. 

On the other hand, a certain material can have more 
than one use and is thus likely to be the subject of 
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study of more than one institute. For example, steel 
is studied by the Ural’skit Industrial’nyi Institut im. 
S. \. Kirova which publishes Trudy and is sponsored 
by the Ministry of Metallurgy. It is also studied by 
the T'sentral’nyi Nauchno-Issledovatel’skii Institut which 
also publishes its work as Trudy and is sponsored by the 
Shipbuilding Ministry. Steel is also studied by the 
above-mentioned Institute of the Ministry of Equip- 
ment and Apparatus Building, and so on. 

Similarly, other ministries, such as the Ministry of 
Food, the Ministry of Coal, the Ministry of Petroleum 
and Gas, and others maintain their research institutes 
which publish the results of their work in similar serials. 

A peculiar position in this respect occupies the 
Ministry of Higher Education, Ministerstvo Vysshego 
Obrazovaniya SSSR. Although not directly interested 
in industrial production, this ministry maintains a 
number of scientific and technological research in- 
stitutes, some of which are: Leningradskii Tekhnologi- 
cheskit Institut Pishchevot Promyshlennosti which pub- 
lishes Trudy, Moskovskit Neftyanoi Institut im. akade- 
mika I. M. Gubkina which also publishes Trudy, 
Leningradskit Tekhnologicheskit Institut im. Lenin- 
gradskogo Soveta which publishes Trudy, and Moskov- 
skit Khimiko-Tekhnologicheskit Institut im. D. I. 
Mendeleeva which also issues its Trudy. 

Here should be pointed out that translating the 
Russian designation of an institute carrying in its 
name into English as 
‘Scientific-Research,”’ a semantic mistake now generally 
accepted, has crept in. This wording does not render 
bad Russian into awkward English, it puts correct 
Russian into incorrect English. These institutes are 
professional schools and it would be more correct to 
refer to them as “Teaching and Research”’ or “Study 
and Research”’ institutes. 

Government agencies other than ministries also 
sponsor publications. Standartizatsiya is sponsored by 
the Standardization Administration, Upravlenie po 
Standartizatsii pri Gosplane SSSR. Another is Byul- 
leten Izobretenii (Bulletin of Inventions) sponsored by 
the Komitet po Izobreteniyam i Otkrytiyam pri Sovete 
Ministrov SSSR (Committee on Inventions and Dis- 
coveries of the Council of Ministers U.S. 8. R.). 

Societies. Learned societies in the Soviet Union 
also sponsor publications but these are underwritten 
and published by the Academy, by a university, or by a 
ministry. 

So the All-Union Mineralogical Society, V sesoyuznoe 
Mineralogicheskoe Obshchestvo, sponsors Zapiski which 
is published by the U. S. 8S. R. Academy of Sciences. 
The Leningrad Society of Naturalists, Leningradskoe 
Obshchestvo Estestvoispitatelet, sponsors Trudy which are 
published by the Leningrad University, while the 
Pirogov Surgical Society, Khirurgicheskoe Obshchestvo 
Pirogova, sponsors Vestnik Khirurgiit im. Grekova pub- 
lished by the Ministry of Health. 

There are other publications in the same category, 
such as the Moscow Society of Naturalists, Moskovskoe 
Obshchestvo Isspitatelei Prirody sponsoring Byulleten in 
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two series: Biology and Geology, all published by the 
Moscow University. 

Other Sponsoring Bodies. Museums, botanical gar- 
dens, biological field stations, observatories, and similar 
establishments issue serials in their respective fields. 


SIGNIFICANCE OF TITLES 


The name or title of a periodical publication is quite 
indicative of its sponsor. Zhurnal is reserved for regu- 
lar periodicals published by the U. 8. 8. R. Academy 
and the Ukrainian Academy. Doklady and Vestnik are 
used for the main publication of the various academies; 
Izvestiya is used for publications of academy depart- 
ments. Institute publications of academies and in- 
dustrial bodies are called Trudy. Uchenye Zapiskt, 
Nauchnye Zapiski, and Nauchnyi Byulleten are used for 
university publications. The titles of trade journals 
are highly specific; thus, Ugol (Coal), Stal’ (Steel), 
Khimicheskaya Promyshlennost’ (Chemical Industry), 
Spirtovaya Promyshlennost’ (Alcohol Industry), T’sement 
(Cement), Steklo i Keramika (Glass and Ceramics), and 
so on. 

This, however, is not a hard and fast rule. There is 
also a Zhurnal Mikrobiologii, Epidemiologii 1 Immuno- 
biologii, published by the Ministry of Health, and a 
Vestnik Rentgenologii i Radiologii, published by the 
same ministry. The Moscow and Leningrad universi- 
ties publish a Vestnik each, while the U. 8. 8. R. Acad- 
emy publishes such specific titles as Mikrobiologiya 
and Biokhimiya. 


REVIEW JOURNALS 


The Scientific Information Branch of the Publishers 
of Foreign Literature, Upravlenie Nauchnoi Informa- 
tsii, Izdatel’stvo Innostrannoi Literatury, in Moscow 
which evidently is connected with the Ministry of Cul- 
ture, Ministerstvo Kul’tury SSSR, publishes a number 
of condensed translations of foreign scientific and tech- 
nical literature. Each of these publications is devoted 
to some field of science or technology. Such are, e. g., 
Khimiya i Khimicheskaya Tekhnologiya, Problemy 
Sovremennoi Fiziki (Problems of Contemporary Phy- 
sics), Problemy Sovremennot Metallurgii, Mekhanika 
(Engineering), Antibiotki, and so on. These contain 
condensed translations of foreign periodic literature. 
The same body also publishes a review of foreign 
scientific books, called Novye Knigi za Rubezhem (New 
Books Abroad). 


ABSTRACT JOURNALS 


The Institute of Scientific Information, /nstitut 
Nauchnoi Informatsii, of the U. S. 8. R. Academy 


. started recently (1953) the publication of a series of 


abstract journals in chemistry, physics, engineering, 
astronomy, and mathematics. In August-September 
of this year two new series will be added: Geology and 
Geography, and Biology. The name of the entire 
series is Referativnyi Zhurnal and each series is identi- 
fied by a specific designation; thus, Referativnyi 
Zhurnal, Khimiya, Referativnyi Zhurnal, Fizika, and 
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so on. The format and the two-column arrangement 
resemble that of Chemical Abstracts. The abstracts 
are numbered consecutively, a practice followed by the 
Bulletin analytique; the arrangement of subject matter 
resembles that of Chemisches Zentralblatt. 

The most voluminous series of the Referativnyi 
Zhurnal is that of chemistry, officially abbreviated as 
RZhKhim. It started appearing in October, 1953, 
and continues in two issues a month. The material, 
both foreign and domestic, which is covered by the ab- 
stracts has been published since January 1, 1953. The 
names of non-Russian authors are given in Russian and 
in the original language, using even Chinese characters 
where needed. Each issue contains an author index 
in Russian of all the names and a Latin script index of 
foreign authors as well as a Chinese index. Foreign 
names in the Russian index present a problem. The 
Russian language transliterates phonetically. Thus, 
our Hildebrand and the German Hildebrandt do not 
appear in consecutive order. The “1’’ in the German 
name is labialized calling for a soft sign in Russian 
transliteration. The soft sign is well toward the end 
of the Russian alphabet and therefore the German 
Hildebrandt is listed way below our Hildebrand. 

Referativnyi Zhurnal, Khimiya published in its six 
issues of 1953 10,042 abstracts or an average of 1674 
abstracts per issue. The average of the first two issues 
of 1954 is 2022 abstracts. 

The abstracts are informative, the print is clear and 
legible, and the paper is of good quality. 

Occasionally, Referat. Zhur., Khim. reprints ab- 
stracts from Chemical Abstracts giving the latter credit. 


PRICE OF PUBLICATIONS 


It is hard to arrive at a general rule as to how Soviet 
Union publications are priced in relation to number of 
pages or some other physical feature. There is, how- 
ever, a clearly discernible policy in relation to the 
purpose of a publication. Publications of the popular 
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vidually for volume by the instructor in charge. 
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kind in the field of hygiene, health, medicine, and agri- 


. culture are priced very low. Generally, publications 


of higher professional levels cost more. Some univer- 
sity publications are free. The price of a publication is 
printed at the top left corner of the book cover. 


COLOPHON 


Introduced at the beginning of printing and now 
almost universally abandoned, the colophon is still in 
use on Soviet publications. It is usually printed at the 
bottom of the last page or on the verso of the title page. 
It tells when the material was sent to the printer, when 
it was set to type, the format, the paper used, the 
number of printed copies, and similar information. 


DISTRIBUTION 


The distribution of published material in the Soviet 
Union is handled by Soyuzpechat which is an agency of 
the Ministry of Communication, Ministerstve Svyazi 
SSSR. 

The Soyuzpechat maintains direct outlets and agencies 
throughout the Soviet Union and in countries outside 
of it. 

The Academy has its own outlets, Akademkniga, in 
the major cities of the Soviet Union. 

University publications, except those of the Moscow 
and Leningrad universities, are not generally distributed 
by Soyuzpechat. 
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RADIO MUSIC IN THE LABORATORY 


Tue playing of radio music may be used to advantage in the laboratory under proper control. 
This conclusion has been reached after a five-year period of experimentation in a college labora- 


This was first tried during the afternoon laboratory periods at World Series time a few years ago. 
The results were gratifying—attendance hit 100 per cent and work seemed to carry forward with 


Later when laboratories were remodeled, a master radio was placed in the office of an instructor 
with speaker outlets in each of the laboratories. The speaker system in each lab is controlled indi- 


The chief benefit of this innovation is the lessening of the tediousness that results from the long 
three-hour laboratory session. This far outweighs the disadvantages. It is not true that teaching 
in the laboratory is more difficult. The instructor merely turns down the volume when he wishes 
to give instruction or comments to the entire class. 

The use of music and radio in industry has been long recognized; we believe that it is serving 
the same purpose in the laboratory. Student approval has been almost unanimous. Staff mem- 
bers agree that its use has increased laboratory efficiency. 


THEODORE W. COOK 
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CHEMISTRY 


Ths survey, similar to the one conducted in 1951,! 
was made to determine any changes in the number of 
students enrolled in general chemistry during this three- 
year period. 

The population of educational institutions for which 
the sample was drawn was obtained from three sources: 
(1) U. S. Education Office publication, ‘Education 
Directory, 1953-54’; (2) “The College Blue Book” 
(7th ed., 1953), and (3) a supplementary list of junior 
colleges. Excluded from the institutions were all 
Negro colleges, certain strictly professional schools, 
business colleges, and graduate colleges. The resulting 
list of institutions was comparable to the list in the 1951 
study. The total number of schools included in the 
population under investigation was 1772 as compared to 
1750 schools in the previous study. 

From this list of institutions, a stratified random 
sample of 265 institutions was drawn. Stratification 
was by size of institution. Letters were mailed to the 
heads of the chemistry departments requesting the 
number, for the 1954 fall semester, of all students en- 
rolled in general chemistry theory classes, the number of 
first-time (freshman) students in the institutions, and 
the total enrollment of the institution. Two hundred 


Orro M., anp Cart J. Cuem. Epuc., 31, 
658 (1954). 


THE 1954 ENROLLMENTS IN GENERAL 


OTTO M. SMITH and CARL E. MARSHALL 


Oklahoma Agricultural and Mechanical College, 
Stillwater, Oklahoma 


and forty-five replies were received of which only 226 
were usable. From the 489 junior colleges, satisfactory 
replies were obtained from 61 institutions. The data 
from these are incorporated in the listing given in Table 
1 for the total of 226 institutions studied. The data, 
tabulated into 15 strata, were analyzed according to the 
accepted methods of stratified estimation and results are 
reported in Tables 1 and 2.? 

The number of students taking general chemistry in 
the fall of 1954 was estimated to be 237,058 with a 
standard error of 11,954.* 

Of these, the estimated number of students in the 
junior colleges was found to be 46,316 with a standard 
error of 4559. This is approximately 20 per cent of all 
students taking general chemistry, which is comparable 
to the 21 per cent found in the 1951 survey. 

The various estimates given for each of the strata are 
determined with very little precision and should be so 
interpreted. However, there is some indication that 
the smaller schools (less than 1000 students) have 
tended to increase in total students as well as average 
enrollment in general chemistry, while the medium- 


2 Cocuran, W. G., “Sampling Techniques,’ John Wiley & 
Sons, Inc., New York, 1953, Chap. 5. 

3 Using the two-sigma interval, the estimated total is between 
the limits of 213,150 and 260,110. 


TABLE 1 
Data for Determining Total Number of General Chemistry Students in the United States in Fall of 1954 


Estimated from sample — 
Av. Av, 


Size of No. of % of 
institution by institutions student- enrollment in student-body 
total enrollment No. of responding to body size, general chem., enrolled in 
in 1954 institutions questionnaire 1954 1954 general chem. 
<100 214 16 70.4 11.25 16.0 
100— 199 270 15 181.3 31.20 17.2 
200— 299 220 16 288.9 45.25 15.7 
300— 399 147 12 362.8 48.92 13.5 
400— 499 146 13 458.9 38.80 8.4 
500— 599 116 8 658.6 73.38 11.2 
600— 699 88 11 729.0 113.64 15.6 
700— 999 145 31 865.7 99.87 11.5 
1000-1499 143 36 1252.0 142.83 11.4 
1500-2499 107 18 1873.3 188.22 10.1 
2500-3499 39 10 3392.0 386.50 11.4 
3500-4499 31 6 3834.0 504.17 13.1 
999 45 15 5788.5 583. 47 10.1 
7000-9999 29 :f 7682.0 1013.43 13.2 
>10,000 32 12 15,413.7 1359. 67 8.8 
Tora. 1772 226 
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TABLE 2 
Years. %In-" 
Enrollments 1951 1954 crease 

Total fall enrollment 2,050,150 2,499,750 21.9 
Total first-time students? 452,741 642,420 41.9 
Estimated total general 186,810 + 237,058+ 26.9 

chemistry students y 11,954 

tio: 

General chemistry students 0.413 0.349 


Freshman enrollment 


2 U. S. Education Office Publications, Education Directory, 
1953-54. 


size institutions (1000-3500 students) have had very 
little increase in the number of students in general 
chemistry or in total enrollment. 

The enrollments for the fall semesters of the years 
1951 and 1954 are given in Table 2, along with the esti- 
mate of the total number of general chemistry students. 

This decrease in the percentage of first-time students 
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in general chemistry from about 41.3 per cent downwan 
to about 34.9 per cent is sufficiently large enough to 
justify investigation of the reasons why general chen. 
istry is not drawing as large a proportion of the first- 
time students in 1954 as in 1951. 

Is it the lack of interest of teachers or the poor teach- 
ing of science and mathematics in high school; is it the 
scarcity of inspiring chemistry teachers in the colleges 
and the universities, or the poor quality of graduate 
student assistants and laboratory instruction in general; 
is it the excessive size of the classes of chemistry; is it 
the poor quality of students, or poorly prepared stu- 
dents; or is it due to the growing interest in the social 
sciences? Is the chemistry department too inelastic, 
relative to other departments, in its requirements for 
facilities to cope with increasing college population’? 
Are some departments and schools no longer requiring 
chemistry as a prerequisite, or are they postponing 
general chemistry to the latter years of college? 


THE ROLE OF THE SECONDARY SCHOOL IN 


SCIENCE TRAINING’ 


Tue United States educational system is dedicated to 
the proposition that every child should have a broad 
educational experience in so far as he is able. To pro- 
vide this type of education and yet be sure that our in- 
dustrial economy is supplied with an adequate number 
of engineers and chemists poses a problem which pri- 


marily rests with school boards, principals, and teachers. . 


Those days—if they ever really existed—when the top 
ten per cent of the students were in the chemistry and 
physics classes are over. The American public schools 
are committed to the ideal of teaching all who enroll in 
them. As they attempt to educate all youth, all sorts 
of people are found in these classes—dullards, young 
geniuses, future housewives, and future research chem- 
ists. 

In view of the tremendous development of science and 
its influence upon the American way of life, its relation 


1 Eprror’s note: The following two papers are abstracted 
from those presented as part of the Symposium on Chemical 
Education—Recent Trends at the 11th Southwest Regional 
Meeting of the American Chemical Society, Houston, December, 
1955. In addition to these papers, the program included a dis- 
cussion of “General college chemistry at the crossroads’ by 
William B. Cook, Baylor University, Waco, Texas; ‘Preparing 
students for college’’ by W. R. Carmichael, Bryan City Schools, 
Bryan, Texas; and “The parents’ responsibility in education’’ 
by T. J. Walker, Dow Chemical Company, Freeport, Texas. 


EDITH V. HODGES 
Robert E. Lee High School, Baytown, Texas 


to and its place in secondary education should become 
more and more prominent. The school administrators 
recognize that there are three broad purposes of science 
education. First, there is the cultural aspect of the 
program. Second, in today’s technological world there 
is need to train every individual in consumer science. 
Third, there is the training that provides a foundation of 
the fundamental principles and laws of science which are 
required by the future doctor, engineer, and research 
chemist. To fail with this third group will result in an 
ever increasing shortage of personnel who make con- 
tributions that affect our way of life. 

According to Dr. H. E. Wise, the public schools are 
afflicted with three outstanding ‘maladies.’”’ There is 
the practice of curriculum dilution which is gradually 
removing those high-school subjects called hard. This 
is an action which is often followed by the introduction 
of a new course “designed to meet the needs of youth” 
because they will then be happy because they do not 
have to study. This new course is not much more thin 
the reorganization of the superficial elements of one or 
more of the deleted subjects. A second malady has to 
do with the idea that there should be no failures in the 
high school. This is defended by some school adminis- 
trators and teachers who believe that it is essential to 
personality development for the students to experience 
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he feeling of success rather than the feeling of failure. 
‘he third malady is that of the disproportionate empha- 
sis that is placed on extracurricular activities both by 
the school and by the parents. 

In order to bring about a change in these three condi- 
ions in the high schools, a serious public-relation prob- 
lem must be solved by the administrators. It is im- 
possible under most circumstances to group youngsters 
according to their mental abilities and aptitudes. Too 
often parents try to force their children into fields in 
which they have no interest and in some cases fields 
which are beyond them intellectually. Sometimes, too, 
students of high-level ability are persuaded by their 
parents to avoid courses that are difficult so that they 
may become leaders in school activities or become mem- 
bers of honor societies which do not recognize the nature 
of courses their members take. 

The paradox of modern science education seems to be 
that in order to give physics and chemistry to the gifted, 
all students must be admitted to the classes. This has 
troubled school officials for many years. They realize 
that this type of student is left pretty much to shift for 
himself while the teacher spends most of his time with 
the mediocre students so that he can pass them with a 
fairly clear conscience. School administrators should 
encourage their instructors to look out for and to work 
with superior students as individuals or in small groups 
during school hours. ‘ 

What are the characteristics of the science teacher 
who can inspire boys and girls of high-school age to 
commit themselves to a career in science? It is es- 
sential for him to have the respect of his students if he 
is to have any influence on their intellectual develop- 
ment. The first step toward obtaining this respect is 
for the teacher to have subject-matter preparation, ex- 
perience, and interest in what he is teaching. Effective 
science teaching demands an appreciation and famili- 
arity with the laboratory approach to science. 

But too often such a teacher is unavailable. It is not 
unusual to find high-school teachers attempting to 
give instruction in subjects in which they have little or 
no college preparation. These people are well grounded 
in professional courses end know “how to teach any 
subject.’”’ The textbook and a few mediocre films are 
their only recognizable tools. They can never develop 
the troubled feeling which plagues the true science 
teacher when classroom activities rely on books as the 
authority rather than planned experiments and demon- 
strations. 

There are several ways in which science teaching 
could be improved. First of all, of course, would be to 
obtain teachers who know and love science rather than 
teachers who “know how to teach science”’ although the 
subject matter, per se, has no particular interest for 
them. There should be increased opportunities for in- 
service training for science teachers. Industry and 


colleges could supply consultation services whereby they 
(the teachers) could talk over their problems with 
other scientists. Finally, the préstige of the science 
teacher should be improved. For instance, it would 


help his morale immensely if the college professor would 
not “kick him in the face’’ by telling freshmen that the 
first thing for them to do is to forget everything they 
were taught in high-school chemistry. This statement 
does not help the poor chemistry instruction, and it is 
insulting to the capable experienced teacher who turns 
out well-prepared students. 

What can be done to find those high-level ability 
students and interest and train them in science? First, 
secondary-school programs should be so organized that 
the educational opportunities offered should match, 
utilize, and challenge their abilities. It is possible to 
recognize the gifted students who are interested in 
science as early as the ninth grade. These individuals 
can be channeled into courses which offer adequate prep- 
aration for college careers in science. A program of 
special training should be set up for those who may be- 
come the scientists of the future. 

The students selected for these special classes should 
have the opportunity to: 

(1) become familiar with laboratory techniques in 
biology, chemistry, and physics, 

(2) prepare written reports of their work, 

(3) take adequate courses in mathematics, 

(4) learn how to use the library, 

(5) prepare exhibits of their work for other students, 

(6) engage in the annual science-talent searches that 
are being made. 

All of this means that an additional period of the 
school day should be given to the student to be spent in 
the laboratory. Here he could tackle a scientific prob- 
lem and emerge with a solution. In this kind of pro- 
gram, the teacher helps only if the youngster is using 
his own brain and all of the available outside resources. 
Questions should be answered with questions. Indus- 
try could furnish consultants to help the student solve 
his problem, and through this contact the desire to be 
a scientist could be strengthened. 

To summerixe, the high school should teach much 
less factual material and should demand in its place a 
greater understanding of the scientific principles illus- 
trated by such factual material. Teachers must ex- 
ercise great care to prevent the disappearance of the 
laboratory and its investigative and research type ex- 
periments from everyday science teaching. If this 
happens, the very heart and chief inspiration of science 
as a form of human endeavor will have been lost. 
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Tue adequacy or inadequacy of our public-school 
educational system has been the topic of many heated 
arguments recently throughout the whole of the United 
States. A great deal of the barrage of words that 
have been exploded on this subject, however, may be 
summed up in a little ditty which originally bore the 
title of “Poor Child,” but it might well have been 
entitled ‘“Johnny’s Preparation.’’? It commences with 
the college professor speaking: 


Such rawness in a pupil is a shame; 
Lack of preparation in the high school is to blame. 


The high-school teacher responds with: 


Good heavens what crudity! The boy’s a fool. 
The fault, of course, is in the grammar school. 


But the grammar school teacher will have none of this, 
so: 

From such stupidity may I be spared; 

They send them up to me so unprepared. 

The primary teacher continues to ‘“‘pass the buck” 
with: 


Kindergarten blockhead! 
Worse than none at all. 


And they call that preparation! 


The kindergarten teacher will not be outdone: 


Such lack of training never did I see. 
What kind of woman must that mother be? 


But mother, as usual, has the last and irrefutable 
word: 


Poor Johnny dear, he is not to blame. 
His father’s folks are just the same. 


Through all this the subject most ignored is “Poor 
Johnny,” but Johnny really is in trouble. It is not 
my intent to point the finger of blame at any segment 
of our educational system (even Johnny’s father’s 
folks). But Johnny is poorly prepared for college 
work. In what way is he unprepared? I am going 
to restrict my remarks to his preparation for college 
chemistry although I am firmly convinced that prep- 
aration for college chemistry is equally applicable to 
preparation for college work in general. 

First of all Johnny is unused to mental discipline. 


1 Presented as part of the Symposium on Chemical Education 
—Current Trends before the 11th Southwest Regional Meeting 
of the American Chemical Society, Houston, December, 1955. 
ANonyMous, The Texas Outlook, December, 1952, p. 27. 


THE HIGH-SCHOOL GRADUATE'‘S 
PREPAREDNESS FOR COLLEGE CHEMISTRY’: 


T. S. BURKHALTER 
Agricultural and Mechanical College of Texas, 
College Station, Texas 


Now Johnny dearly loves to talk about the atomic 
bomb, rocket propellants, and space travel, but he 
just cannot quite bring himself to concentrate on the 
law of multiple proportions. In order to concentrate 
on the law of multiple proportions Johnny has to 
think; thinking is a painful process and he would 
rather have fun dreaming about inventing a new and 
revolutionary fission reactor. Of course, he never 
realizes that before he can begin to understand the 
principles of fission, he must first completely master 
the fundamental principles of chemistry. The point is 
that Johnny never has been trained to study. He 
has never been brought to the realization that there 
are times when he has to sit down, read a textbook, 
and think, think about what he has read. The com- 
ment I most frequently hear when counseling my failing 
students is invariably this: “I just don’t know how to 
study! Why in high school, I never cracked a book 
and I made good grades.” 

Second, Johnny is unprepared in the fundamentals 
of mathematics. Chemistry is a science and, there- 
fore, it is essential that one who is to succeed in the 
study of chemistry must be able to handle simple 
arithmetical manipulations. J do not mean calculus, 
trigonometry, or even geometry! But he must be able 
to handle with ease such operations as multiplication, 
division, addition, and subtraction of both whole num- 
bers and fractions; he must be able to handle straight 
percentage problems, simple ratio, and proportion; 
and he must be able to solve simple linear equations 
with one unknown, Above all he must be able to 
think quantitatively in terms of numbers. He must 
be able to read a stated problem, assimilate the facts 
given, determine what unknown value is desired, and 
recognize the implied relation between the known and 
the unknown. This Johnny cannot do! Johnny can- 
not calculate the weight of hydrogen released from 
sulfuric acid by the action of a given amount of zinc; 
not because he does not understand the chemistry 
involved, but because he gets lost in the numbers 
involved. 

Johnny is also poorly prepared in reading compre- 
hension. Johnny can read but he does not know what 
he has read if the sentences contain words of more than 
two syHables. The second most frequent comment 
I hear in counseling failing students is: “I read that 
assignment three times last night, and I haven’t the 
faintest idea what it was all about.’”’ I believe Johnuy, 
for I reach for the textbook, read aloud one paragraph 
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and then ask, ““‘What idea is the author trying to con- 
vey’ and Johnny does not know. You see, Johnny 
has been reading comic books where he can grasp the 
coniext by looking at the pictures. Johnny has been 
watching “education (?)” films. So, Johnny reads his 
cheinistry assignment in college, but he does not know 
what he has read; there are not enough pictures. 

And last, Johnny is unprepared because has not 
studied chemistry in high school. As a result he does 
not know what an element or compound is. He does 
not know the difference between a mixture and a sub- 
stance. In fact, Johnny does not know anything about 
chemistry except that it is a very difficult course; 
everyone has told him that. So Johnny is scared of the 
course and he is half whipped before he starts. He gets 
lost. In order to cover all the material which is per- 
tinent to a course in first-year college chemistry it is 
necessary to move rather rapidly over the basic nomen- 
clature and Johnny gets lost because Johnny was un- 
prepared. 

Statistical evidence of the high degree of correlation 
between failing grades in college chemistry and poor 
preparation in mathematics is abundant. Louisiana 
State University has recently reported that not a single 
student out of 1939 tested who had as much as three 
and one-half units of high-school mathematics failed in 
chemistry, physics, or mathematics; only 1.5 per cent of 
the students who had as much as three units in mathe- 
matics failed in chemistry, physics, or mathematics. 
On the other hand, 72 per cent of all the failures in 
mathematics or physical science at the university came 
from students wlio had only from one to one and one- 
half units in high-school mathematics.* At the U. 8. 
Naval Academy all entering plebes take the same 
course in beginning chemistry regardless of their back- 
ground. The class consists of three groups: (1) those 
with some college chemistry prior to academy entrance, 
(2) those with only high-school chemistry, and (3) those 
with no high-school chemistry. Among group (1) 22 
per cent finished in the top ten per cent of the class; 
5.6 per cent of those in group (2) finished in the upper 
ten per cent of the class; and only 1.3 per cent of those 
with no high-school chemistry finished in this upper 
bracket. Of those students who had some previous 
college chemistry only 2.2 per cent finished in the 
bottom one-tenth of the class. Ten per cent of those 
with high-school chemistry finished in the lowest ten 
per cent of the class, while 26 per cent of those with no 
high-school preparation in chemistry finished in the 
lowest ten per cent of the class.‘ 

At the A. and M. College of Texas we have recently 
completed the first of a series of studies concerning the 
reasons for failures in first-year college chemistry. 
The big question was: which of the achievements should 
be taken as a criterion of poor preparation for their 
study of chemistry? To answer this question we con- 
ducted a statistical analysis study of the correlation 
between the results of each of the achievement tests and 


5 Cuoprtn, A. R., The Southwest Retort, May, 1955, p. 7. 
‘Tomson, Earu W., J. Cuem. Epuc., 30, 353 (1953). 
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the final grade of the student in his beginning chemistry 
course. With this correlative data we could then write 
a regression equation relating the dependency of the 
final grade on the results of each of the achievement 
tests. This regression equation would then take the 
form. 


Y =a + + +... BaXn 


where Y is the predicted final grade in chemistry; X’s 
are scores of achievement tests and the 6’s are the 
weights showing the variation in Y accounted for by 
variation of the X values; ais a residual constant taken 
from the data. The achievement tests which are 
administered are: 


X,—American Council on Education Psychological Examina- 
tion, 1949 edition (commonly called Q score). This is a test of 
general scholastic aptitude and furnishes a score which is of 
value in predicting over-all academic achievement. 

X:—The Shader General Mathematics Test (Educational 
Testing Service). This test measures a student’s ability to 
handle a wide variety of areas which have a numerical basis. 

X;—Cooperative Elementary Algebra Test, Revised Form Z 
(Educational Testing Service). This measures a_ student’s 
ability to handle algebraic problems. It covers those phases of 
algebra which a student presumably learns in beginning and 
intermediate algebra. 

X,—Cooperative Chemistry Test, Revised Series Form Z 
(Educational Testing Service). This test was administered only 
to those students who had completed a course in high-school 
chemistry. 

X;—Cooperative English Test “A,’’ Mechanics of Expression 
“T’’ (Educational Testing Service). This test evaluates a 
student’s knowledge of grammatical usage, as well as his knowl- 
edge of punctuation and capitalization and spelling. 

Xs—Diagnostic Reading Test, Survey Section Form C (Educa- 
tional Testing Service). This has three subtests: general read- 
ing, vocabulary, and comprehension. It gives a reading rate, 
vocabulary, and comprehension score. 

X7;—As an additional variable we decided to include in our 
correlative study the student’s over-all high-school average. 


The presentation of the mechanics of a correlative 
statistical analysis study is both space consuming and 
of little interest to the majority of readers and for 
that reason will be omitted here. It will suffice to state 
that standard methods were employed. The ultimate 
goal, of course, was to obtain numerical values for each 
of the beta weights and the residual constants as well 
as to determine the error of estimate. 

The group was broken into two populations: those 
who had had high-school chemistry and those who had 
not. For population I (those students with no high- 
school chemistry, about 40 per cent of the total) the 
solution of the problem resulted in beta weights of the 
order of zero for all variables except X; and X;. For 
population II all the betas were of the order of zero ex- 
cept those of X;, Xs, and X;. The values of these 


- betas and the final regression equation are presented in 


the table. 

The difference in the beta weights used in the table 
and those in the equation is due to the difference in the 
units of raw score on the tests and the percentile form 
of Y. The standard error of estimate for population I 
is 13 points while that for population IT is 9 points. 

These results changed our preconceived ideas. We 


j 
j 
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had, of course, expected the high correlation with 


algebra, but why did not the Snader (general mathe-. 


matics) score show more significantly? Further, the 
results on reading comprehension had not shown to be 
statistically significant, and this was a score which we 
had felt for certain would show the highest order of 
correlation. Then we realized our mistake. The anal- 
ysis had been made on only those students who had 


Values of Beta Weights and the Residual Constants 
Beta value 


‘Sample 
I 


Variable 


X3 0.2163 


0.3142 


For population I: Y = 0.3044X; + 0.8349X, — 22.71. 
For population II: Y = 0.3645X; + 0.1903X, + 0.4283X; + 
435. 


finished the course and who thereby had received a 
final numerical grade. We had not included those 
students who had dropped the course prior to its 
completion and, therefore, had received no final nu- 
merical average. This group accounted for 16 per cent of 
the total enrollment. A quick look at the records of 
those 16 per cent gave us the answer. Practically every 
student who had made a very low grade on either the 
Snader or reading comprehension test had dropped the 
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course before mid-semester. These were the students 
we had not included in our study. 

Another thing which bothered us was the fact that 
the student’s high-school average registered so impor- 
tantly while the Q score, which was supposed to be in- 
dicative of general scholastic aptitude, was not signif- 
cant. Again after some thought the explanation was 
obvious. The Q score is indicative of what the student 
was able to do; but the high-school average was indics- 
tive of what the student was willing to do. Mental 
discipline! We had thought that the high-school 
average would be of little value because of the wide 
diversity of curriculum choice and programming in the 
various schools of the state. Surely a ““C”’ student from 
the large and wealthy schools of the cities would be as 
well prepared as an “‘A”’ student from ‘Podunk Hi.” 
But it did not turn out that way. It seems that the 
boy who has been trained to work and to think is the 
one most apt to succeed. This can only mean that 
mental discipline, the will to study and work, training 
in good study habits, training in concentration—these 
are the things which best prepare a student for college- 
level studies. 
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A MOLECULAR-MODEL EXAMINATION IN ORGANIC CHEMISTRY 


Mosr teachers of organic chemistry use molecular 
models as instructional aids. Display, inspection, and 
occasionally construction by students are the usual 
techniques employed. This note reports a successful 
scheme for making*use of models in an examination. 
Models of from eight to ten organic compounds, each 
identified by a number, are arranged on laboratory 
benches or on the tablet arms of chairs in approximate 
order of increasing difficulty. Each student is given 
an answer sheet on which there is a statement of the 
element represented by each color used. The first 
student is started on the first model and given one 
minute to identify it. At the signal “‘move’’-he moves 
to the second model and the second student begins on 
the first. This is continued until the last student has 
seen the last model. A student is allowed only two 
minutes extra time after he has left the last model. 
Models of .the stick-and-ball type are used to em- 
phasize structural relationships, but several Fisher- 
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Hirschfelder compact type models are always included 
to illustrate better the real shape of the molecules. 
Cis and trans forms may be used if stereoisomerism 
has been studied. 

At the midpoint of a first organic course recognition 
of functional groups and simple alkyl and aryl radicals 
should be regarded as satisfactory achievement. Di- 
methyl aniline and succinic anhydride are compounds 
about as complicated as can be used successfully. 
Models of compounds more complex than these usually 
require conversion to structural formulas before 
identification. This is undesirable. 

The announcement that a test of this type is to be 
given stimulates students to become familiar with molec- 
ular models. Their study of models and the test itself 
help give them a three-dimensional idea of molecules. 
Using 30 minutes of laboratory time for such a test has 
seemed worth while in helping to bridge the gap in 
student’s thinking between blackboard and test tube. 
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Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


A sot meeting of the northern and southern sections 
of the PSACT was held on the campus of the Fresno 
State College, Fresno, California, on Friday evening, 
February 17, and Saturday, February 18. 

The featured speaker of the meeting was Glenn T. 
Seaborg, of the University of California at Berkeley. 


SYNTHESIS OF ELEMENTS 99, 100, 101° 


Professor Seaborg stated that the first direct evidence 
that elements 99 and 100 could be synthesized was ob- 
tained quite unexpectedly in an analysis of the debris of 
a hydrogen-bomb explosion in 1952. Samples of the 
debris from the explosion were collected on large filter 
papers carried by drone airplanes through the radioac- 
tive clouds. The analysis of this debris was carried out 
at the University of California Radiation Laboratory, 
the Argonne National Laboratory, and the Los Alamos 
Laboratory. The method for nuclear synthesis of these 
elements involved repeated neutron capture by ura- 
nium. Dr. Seaborg stated that the resulting discovery 
came as a surprise. 

The method of analysis of the debris of the explosion 
exploited the chemical similarities between the trans- 
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HEWITT G. WIGHT 
California State Polytechnic College, 
San Luis Obispo, California 


uranium elements and the rare earths. The method of 
separation made use of an ion-exchange process adapted 
to the separation of very small amounts of material. 

Work with other transuranium elements had demon- 
strated their very pronounced chemical similarity to the 
corresponding rare earth elements. The design of the 
experiment was such that any new substances which 
might be present would be separated, and identification 
would be possible. The order of elution of the new ele- 
ments from the ion-exchange resin was found to be in 
the reverse order of their atomic numbers, or 101, 100, 
and 99. 

To confirm the findings from the debris of the hydro- 
gen bomb, these elements were synthesized by other 
processes. Using plutonium as the starting material, 
the atomic weight and atomic number «! the material 
was built up by repeated neutron capture followed by 
electron emission. 

A particularly interesting piece of research was the 
synthesis of element 101 from element 99. About 10° 
atoms of element 99 were bombarded with alpha par- 
ticles. They were placed as a target material on the 
reverse side of an inert metal support. When a nuclear 
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reaction occurred, it released sufficient recoil energy to 


cause the newly formed atom to be displaced to another . 


piece of inert metal properly placed. These atoms of 
element 101 underwent spontaneous atomic fission, so 
the presence of each individual atom could be detected. 
As a result of these techniques, the announcement of the 
new element was made after five individual atoms had 
been isolated, and their fissions observed: 

The discoverers have suggested that the names ein- 
steinium, fermium, and mendelevium be used for ele- 
ments 99, 100, and 101, respectively, with the symbols 
E, Fm, and Mv. 

Kinsteinium was observed to have a half-life of about 
20 days, and to undergo alpha emission. Fermium was 
found to have a half-life of 16 hours; it also undergoes 
alpha emission. Mendelevium has a half-life of about 
an hour and decays by spontaneous fission (actually 
its daughter formed by electron capture decays by 
spontaneous fission). 


U. S. AND RUSSIAN SCIENTIFIC EDUCATION 
COMPARED 


In discussing the relative state of scientific education 
in the United States and Soviet Russia, Professor Sea- 
borg expressed great concern. As a result of conversa- 
tions that he recently held with leading Soviet scientists 
at the “Atoms for Peave” conference in Geneve, 
Switzerland, and the careful study of the best available 
statistics, he stated that at the present time about 250,- 
000 new scientists are being subsidized each year by the 
Soviet government. These brilliant young men and 
women are chosen for intelligence and talent from 2,- 
500,000 who reach an age to enter schools of higher edu- 
cation each year. Young people are given intensive 
training, so that they will complete four years of chem- 
istry and three years of physics by the time they 
graduate from the equivalent of our high schools. By 
comparison, the national effort that we are making in 
this direction is woefully weak and inadequate. 

Professor Seaborg feels that a drastically increased 
program for the training of scientists in this country is 


instead of quinine. 


historically as Perkin’s Mauve. 
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an immediate necessity. He mentioned that one way 
to implement this program would be to increase the 
number of available science teachers in the high schools. 
One way to do this might be to make considerable 
salary adjustments. 


VARIED PROGRAM OF PAPERS 


In addition to the address by Professor Seaborg, 
there were a number of other stimulating talks. E. 
B. Womack, head of the chemistry department at 
Fresno State College, discussed the problems of the 
junior-college student in transferring to a four-year col- 
lege or university. In some cases, he felt that the 
junior-college student had not had sufficient laboratory 
experience to place him on a par with students at an 
equivalent level in the four-year college. He recom- 
mended the addition of a laboratory course in organic 
chemistry to the junior-college programs. An interest- 
ing discussion followed. 

Richard H. Eastman, of Stanford University, pre- 
sented to the group the plan for a course for high- 
school teachers under the auspices of the Shell Merit 
Fellowship Program. This is a program conducted 
on the campuses of Stanford University and Cornell 
University. A special course has been planned to ac- 
quaint high-school teachers with recent developments 
in sciences and in teaching methods. The proposed 
course lasts for 10 weeks with an enrollment at each 
university limited to 30 individuals who are supported 
by fellowships from the Shell Company. 

Norman Lofgren, of Chico State College, presented 
the “Research for a Day” program that has been tried, 
with considerable success, by Chico State College. 
Under this program, interested high-school students in 
the area are invited to spend one Saturday working in 
the laboratories of the college under the direction of the 
members of the chemistry department staff. The pro- 
gram has been successful in stimulating interest among 
some high-school students in the area. 

T. Bentley Edward’s discussion of summer workshops 
has already appeared in these pages. 


Durtine the year 1956, the entire chemical world is paying tribute to an inventive genius in the 
field of science—William Henry Perkin. His research-conscious mind was responsible for creating 
the first synthetic dye—mauve—quite by accident, just 100 years ago, in an attempt to synthesize 
quinine, a pharmaceutical derivative of great importance to the far-flung British Empire. Perkin’s 
effort was a failure insofar as his objective was concerned, since he obtained some violet crystals 
This occurrence may not have been the first of its kind, but the significant fea- 
ture about it is that Perkin did not let matters rest at that point. 
he had the chemical process under control and was able to market the first synthetic dye, known 


He pursued his experiments until 


The centennial of Perkin’s discovery will be climaxed by a celebration during the week of Sep- 
tember 10, 1956, at the Waldorf-Astoria Hotel, New York City. The observance is sponsored by 
the American Association of Textile Chemists and Colorists, directed by the Perkin Centennial 
Committee, and is considered to be of such import to leading technical, chemical, and scientific 
societies concerned with the production or application of color that 27 such organizations and two 
departments of the U. 8. Government have signified their desire to participate in the occasion. 
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55 OCIATION 
EACHERS 


OFFICIAL BUSINESS 


25th MEETING 


The 285th meeting of NEACT was held at Saint 
Joseph College in West Hartford, Connecticut, on 
Aptil 14, 1956. It was an unusual meeting since it 
was held jointly with the Connecticut Valley Section 
of the American Chemical Society. This was the first 
time that such a joint meeting had been tried, and it 
was most successful and very well attended, the esti- 
mated attendance being more than 200. 

The meeting was opened by Sister Theodore, Dean 
of the College. She welcomed the two societies to the 
college and extended the hospitality of Saint Joseph to 
them. 

The first speaker was C. Albert Kind, a biochem- 
ist in the biology department of the University of Con- 
necticut, who spoke on “Chemical pathways in 
photosynthesis.” - This was a summation of the ad- 
vances in our knowledge during recent years, a good 
deal of the work having been accomplished by tracer 
techniques using radioisotopes. 

An excellent lunch was served to the group in the 
dining hall of Saint Joseph College, at which time the 
members of the two scientific societies had an oppor- 
tunity to chat and become better acquainted with one 
another. 

The first speaker of the afternoon was Frederick J. 
Schlink, president and technical director of Consumers’ 
Research. His lecture was titled “Applied science in 
the service of consumers.”’ He described the testing 
program of his organization, and pointed out many 
ways in which safety features of various appliances 
could be improved. 

The last speaker was Joel H. Hildebrand of the 
University of California and most recent past-president 
of the American Chemical Society. His subject was 
“Acids and bases.” He listed and described the var- 
ious systems of acids and bases that have been used 
in the study of chemistry from early times up to the 
present. He concluded his lecture by discussing a re- 
cent research project that he had carried on personally 
in which the Lewis system of acids and bases has been 
extended to explain anomalous solubilities. 


Business Meeting 
President Marco H. Scheer opened the business meet- 
4l1l 


ing at 11:45 a.m. The secretary welcomed the follow- 
ing new members into the Association: 


Mary P. Burke, Chemistry Teacher, Sacred Heart Academy, 
Fairhaven, Massachusetts 

Sister M. Clarita Mangold, Chairman, Chemistry Department, 
Rosary Hill College, Buffalo, New York 


Seward E. Beacom presented for the executive com- 
mittee the following proposed amendment to the con- 
stitution which would add the category of student 
member to the kinds of possible membership: 


Article III, Section 2. Membership shall be of three kinds, 
Student, Active, and Honorary, as provided in the By-Laws. 


This proposed amendment will be published in the 
June issue of the NEACT Newsletter and will be acted 
upon at the continuation of the annual meeting at the 
Eighteenth Summer Conference. It is understood that 
the word “student” applies particularly to students 
who are matriculated in a degree-granting institution 
in preparation for becoming teachers of chemistry. 
Such students will receive a reduction in dues. 

It was voted to express to the host institution the 
appreciation of the Association for the use of its excel- 
lent facilities and for its hospitality. 


286th MEETING 


The 286th meeting of the New England Association 
of Chemistry Teachers was held in the new high-school 
building in Natick, Massachusetts, on Saturday, May 
12, 1956. Howard Hennigar, director of guidance in 
the high school, welcomed the group. The first speaker, 
Morris A. Leaffer of Tracerlab, Inc., Boston, gave an 
interesting talk on the advantages and uses of carbon- 
14 in tracing the mechanisms of organic reactions. He 
showed how to synthesize benzoic acid from radioactive 
carbon dioxide so that the number one ring carbon 
atom or the carbon atom of the carboxyl group could 


‘be tagged with carbon-14. He used good slides on 


isotope production based on prints which are available 
to teachers, on request, from the AEC in Oak Ridge. 

Charles D. Coryell of Massachusetts Institute of 
Technology, Cambridge, in telling about his recent 
travels in the Middle East and working at the Weiz- 
mann Institute in Israel, gave an enlightening and vivid 
picture of the feelings and attitudes of the people of 
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Egypt, Israel, and the Arab countries for each other and 
of some of the factors which iie behind these feelings. 
He described the educational and scientific institutions 
there, the type of studies and research being done, and 
the efforts of the Weizmann Institute to integrate its 
research with that of the rest of the world. 

A hearty lunch and visiting period were enjoyed in 
the school cafeteria. After the business meeting and 
annual meeting, Ina Granara, Simmons College, Boston, 
reviewed the history of the College Entrance Examina- 
tion Board’s tests and the changes that have occurred 
in the philosophy behind them, as well as the uses to 
which they are put by college admissions offices. The 
prospective “Tests of Developed Ability in Science” 
now being formulated are planned to determine whether 
or not a student has real scientific aptitudes, such as 
ability to analyze situations and the power of critical 
judgment, as well as fundamental skills in reading com- 
prehension, computation, etc. 

At the close of the meeting, members were taken 
through the school to see its excellent equipment and 
to enjoy the pleasant vistas of the lake from its class- 
room windows. 


Business Meeting 


President Marco H. Scheer opened the business 
meeting at 1:45 p.m. 

An interim treasurer’s report was given by Carroll B. 
Gustafson. 

S. Walter Hoyt reported for the necrology committee 
that the following deaths had occurred in our member- 
ship, three of whom were honorary members: Eldin V. 
Lynn, Arthur A. Blanchard, Daniel F. O’Regan, 
Ernst A. Hauser, Francis H. Deeley, S.J., Robert 
Blair. 

Stephen S. Winter, Northeastern University, Boston, 
reported as follows on the Lyman Churchill Newell 
Grants being awarded by the Northeastern Section of 
the American Chemical Society to stimulate interest 
in local teachers to attend the Eighteenth NEACT 
Summer Conference: 


Nine teachers applied for grants, three from New Hampshire, 
six from Massachusetts. It was particularly gratifying that 
among them were several new teachers with only one year’s 
experience. The committee felt that the grant program had en- 
couraged these young men and women to seek the stimulus of 
association with others in the teaching profession in order to be- 
come more effective teachers. Of course, it was not possible to 
award grants to all of them since several teachers of proved 
ability had also applied. Grants were awarded to: 


Paul J. Boylan, Teacher at Boston Latin School, Boston, Massa- 
chusetts 

Raymond W. LaBouthillier, Teacher at Kennett High School 
Conway, New Hampshire 

William B. McIlwaine, Teacher at Bradford Durfee High School, 
Fall River, Massachusetts 

Hyman R. Roseman, Teacher at Ashland High School, Ashland, 
Massachusetts 


The selection committee consisted of Standish Deake, 
Laurence 8. Foster, David M. Howell, and Stephen S. 
Winter, Chairman. 
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Dr. Winter also reported informally on the success 


_ his committee on industry and education was having in 


obtaining professional summer employment for chemis- 
try teachers in local chemical companies. Nearly 30 
jobs were offered and several teachers had been plaved. 
The committee will report more fully at the fall meet- 
ing. 

President Scheer reported that he had appointed the 
following commission to study teaching loads, labora- 
tory hours, training of teachers, and the general aspects 
of working conditions for science teachers in New 
England: 

Dorothy W. Gifford, Chairman, Lincoln School, Providence, 

Rhode Island 
Elbert C. Weaver, Phillips Academy, Andover, Massachusetts 
Helen W. Crawley, Natick High School, Natick, Massachusetts 
Carl P. Swinnerton, Pomfret School, Pomfret, Connecticut 
Rev. Alexis A. Babineau, A.A., Assumption College, Worcester, 

Massachusetts 
Everett F. Learnard, Norwood High School, Norwood, Massa- 

chusetts 
Robert D. Eddy, Tufts University, Medford, Massachusetts 
Ralph E. Keirstead, Consultant, State Department of Education 

of Connecticut 
Marco H. Scheer, Ex Officio, Nashua High School, Nashua, New 
Hampshire 

A vote of thanks to Natick High School for its hos- 
pitality was taken. 

Immediately following the adjournment of the 286th 
Meeting, the Annual Meeting was convened. 


56th Annual Meeting 


Natick High School, Natick, Massachusetts, May 12, 
1956. 


Report of the Secretary 


The Seventeenth Summer Conference was held at Tufts Uni- 
versity, Medford, Massachusetts, with Roland W. Whittaker, 
Queens College, New York, and Angela M. Trovato, Exeter, 
New Hampshire High School, as co-chairman. 

Five meetings were held during the year, as follows: 


282nd: Phillips Exeter Academy, Exeter, New Hampshire, Octo- 
ber 5, 1955 

283rd: Northeastern University, Boston, Massachusetts, De- 
cember 10, 1955 

284th: Connecticut College, New London, Connecticut, Febru- 
ary 11, 1956 

285th: St. Joseph College, West Hartford, Connecticut, April | 4, 
1956 

286th: Natick High School, Natick, Massachusetts, May 12, 
1956 


LEALLYN B. Cuapp, Secretary 


Report of the Membership Committee 


570 
Joining at 17th Summer Conference.................. 18 


LEALLYN B. Ciapp, Chairman 
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Report of the Curator 


The Curator has discharged the duties of his office, which are: 
(1) to receive and to file materials of historical value concerning 
the teaching of chemistry in New England; (2) to maintain a per- 
manent membership file; (3) to assist division chairmen with 
mailings to schools where the Association has no members, prior 
to each meeting. 

It is of interest to note that, prior to this meeting, 2041 persons 
have joined the Association since its founding in 1898. 


Raupu E. Kerrsteap, Curator 


Report of the Editor of the NEACT Report 


At this 286th meeting of the Association, we are completing 
the fifty-sixth annual volume of the official publication, the Re- 
port of the New England Association of Chemistry Teachers. 
During the early days of the Association, a Report was issued fol- 
lowing each meeting, as thin pamphlets. Later these were col- 
lected and issued quarterly as a small booklet. Since 1942, the 
Report has appeared monthly in the JouRNAL or CHEMICAL Epvu- 
CATION as a special section. Each member of the Association re- 
ceives a subscription to THIs JOURNAL and is thus provided with 
a permanent record of the Official Business and write-ups of 
several papers given at the Summer Conference or at one of the 
divisional meetings. The Report has appeared each month during 
the present year. 

This year the duties of the editor have been less demanding, 
because of the separation of the Report and the Newsletter, each 
having its own editor. The transition has proceeded without 
hitch. The cooperation of the secretary and of the divisional 
chairmen in providing summaries of the official business and of 
the technical sessions promptly has greatly assisted the editor of 
the Report in meeting the deadlines set by THIs JOURNAL. 


Laurence S. Foster, Editor of the Report 


Seward E. Beacom, Teachers College of Connecticut, 
reported informally on his experiences during his first 
year as editor of the NEACT Newsletter. 


Election of Honorary Members 


The following two persons were unanimously elected 
to honorary membership after the report of the honor- 
ary membership committee was accepted. The fol- 
lowing citations were read: 


Norris Watson RAKEsTRAW, 30 years a member of this As- 
sociation and vice-president and president from 1930 to 1934, fre- 
quent speaker at its meetings and conferences, leader of discus- 
sions, and originator of the idea of publishing the NEACT Report 
in the JouRNAL or CHEMICAL Epucation; associate editor and 
editor of the JouRNAL or CHEMICAL Epucation from 1939 until 
1955; current president of the Pacific Southwest Association of 
Chemistry Teachers; chairman-e.ect of the Division of Chemical 
Education of the American Chemical Society; chairman of the 
chemistry division of the Scripps Institute of Oceanography of 
the University of California; 1956 recipient of the James Flack 
Norris Award of the Northeastern Section of the A. C. S. fur 
outstanding achievement in the teaching of chemistry; stimulat- 
ing teacher, innovator of chemical demonstration experiments, 
skilled administrator and ocean-going chemist of renown; faithful 
friend and supporter of this Association. 


W. Craw ey, member of this Association since 1941; 
secretary of the Sixth Summer Conference; registrar and treasurer 
of the Eighth Summer Conference; chairman of the Central Di- 
vision, 1946-8; vice-president, 1948-50; president, 1950-2. 

Your services to the New England Association of Chemistry 
Teachers have contributed vitally to its steady growth and ef- 
fectiveness. Your interests have extended beyond the limits of 
the organization which you have served so well, and your active 
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and able participation in the work of the Massachusetts Science 
Fair Committee is indicative of your devotion to the better teach- 
ing of all the sciences. The love and loyalty of your former pupils 
and of all your other friends bear witness to the warmth and vigor 
of your personality. For your years of constructive leadership 
in the activities of this Association, for your buoyant good humor, 
for your sympathetic understanding of the problems of others, 
and for your enthusiastic and successful teaching we delight to 
honor you today. 


Member of Nominating Committee. Leallyn B. Clapp, 
Brown University, Providence, Rhode Island, was 
elected to the nominating committee for a term of 
three years. The new committee is as follows. Guy F. 
Burrill, Chairman, Walter G. Stewart, Leallyn B. Clapp. 


Report of Nominating Committee 


President—Marco H. Scheer, Nashua High School, Nashua, 
New Hampshire 

Vice-president—Robert D. Eddy, Tufts University, Medford, 
Massachusetts 

Secretary—Rev. Joseph A. Martus, 8.J., College of the Holy 
Cross, Worcester, Massachusetts 

Treasurer—Carroll B. Gustafson, 
Pharmacy, Boston, Massachusetts 

Chairman of Northern Division—Edwin Betz, Keene Teachers 
College, Keene, New Hampshire 

Chairman of Central Division—Everett F. Learnard, Norwood 
High School, Norwood, Massachusetts 

Chairman of Southern Division—James Watters, Bradford- 
Durfee Technical Institute, Fall River, Massachusetts 

Chairman of Western Divisi n—Elizabeth W. Sawyer, Weaver 
High School, Hartford, Connecticut 

Auditor—S. Walter Hoyt, Belmont, Massachusetts 

Curator—Ralph E. Keirstead, Department of Education, State of 
Connecticut, Hartford, Connecticut 

Member of Endowment Fund Committee—Mary B. Ford, Milford, 
Massachusetts 


Massachusetts, College of 


HELEN W. Craw_ey, Chairman 
Wa ter G. STEwarr 
Guy F. 


The report of the present nominating committee was 
accepted, and the secretary was instructed to cast one 
ballot for the slate of officers. 

The meeting was adjourned sine die. 


LEALLYN B. Cuapp, Secretary 
NECROLOGY 


Artuur A_ BLANCHARD, 79, retired professor of chemistry at 
Massachusetts Institute of Technology, died on March 24, 1956. 
Dr. Blanchard joined the Association February 1, 1908, when the 
Association was a small but very active group of chemistry teach- 
ers, mostly from the secondary schools in the vicinity of Boston. 
His loyal support of the NEACT aided substantially in its growth 
to the present live and virile organization of today. 

When a gift of money was made to NEACT by one of our 
former treasurers, Miss Lillie C. Smith, and it was necessary to 
establish an endowment committee to manage such funds, it was 
Dr. Blanchard who consented to act as endowment fund treasurer. 
He managed this fund capably from 1936-43 when he turned over 
the treasurership to his M. I. T. colleague, Dr. Avery A. Ashdown. 
Dr. Blanchard was tendered an honorary membership at our Taft 
School meeting on May 3, 1941. He was a member of the ad- 
visory committee of the Central Division in 1923, 1924, and 1925, 
and was a member of the Summer Conference Committee of 1942. 
He ran a “Question Box’’ in our Report for many years. 

He was graduated from M. I. T. in 1898 and attained his 
Ph.D. from Leipzig in 1902. After one year as instructor at 
New Hampshire College at Durham, New Hampshire, now Uni- 
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versity of New Hampshire, 1902-3, he became a member of the 
inorganic chemistry staff at M. I. T. 


He was a member of the usual professional organizations and" 


an enthusiastic member of the Appalachian Mountain Club. 

A modest writer of textbooks, some of the older members will 
remember the following: ‘The Electrolytic Dissociation Theory,”’ 
1910 (with Henry P. Talbot); ‘Synthetic Inorganic Chemistry”’; 
“Foundations of Chemistry,’ 1914 (with Frank B. Wade); 
“Laboratory Manual of Chemistry,’ 1917 (with Wade); and 
translator: “Laboratory Methods of Inorganic Chemistry”’ 
(with Wm. T. Hall). 

His research activities included papers on metal carbonyls, 
theory of valence, velocities of reactions, and viscosities of solu- 
tions. 


Ernst A. Hauser died on February 10, 1956. Dr. Hauser 
was always exceedingly cordial to the New England Association 
of Chemistry Teachers and its members. He has given of his 
time and energy many times to make the programs of our regular 
meetings and summer conferences instructive. His latest con- 
tribution was a series of three lectures at M. I. T. last winter on 
Colloid Science, given especially under the auspices of the North- 
eastern Section of the A. C. 8. for the benefit of secondary teachers 
of chemistry in and near Boston. 

Born in Vienna, Austria, in 1896, he received his bachelor’s 
degree just at the start of World War I. He was immediately 
called into the army, where he served with the Field Artillery and 
the Ski Troops. After the war he received the Ph.D. degree in 
1921 from the University of Vienna, where his major field was 
physical chemistry, and devoted his life to colloid science. 

His first book was devoted to the colloid science of natural 
latex and laid the foundation for the modern latex industry. 
Other books are entitled “Colloidal Phenomena,’’ “Experiments 
in Colloid Chemistry,” and “Silicic Science.” An eight-page 


To the Editor: 


All general chemistry textbooks state that chlorine 
acts as a bleaching agent when the material to be 
bleached is wet or moist but does not so function when 
the material is dry. 

In recent years we have not been well satisfied with 
the laboratory demonstration of this statement. Part 
of our difficulty appears to be in the choice of dyes, part 
in our technique. The following method has been 
devised to give excellent and speedy results: 

Dye a piece of cotton fabric with a one per cent 
solution of either malachite green or methyl violet. 
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article entitled “The history of colloid science,’ giving a brief 
résumé of the development of this subject, was published in the 
JOURNAL OF CHEMICAL EpucaTIon in January, 1955. 

After serving from 1928 to 1935 as a nonresident professor 
at M. I. T., Dr. Hauser was made a permanent professor, and 
more recently served also as a visiting professor of this subject 
at the Worcester Polytechnic Institute. 


Dante. F. O’Reaan, 89, who at the time of his retirement 
in 1938 was assistant principal of the Worcester (Massachusetts) 
Classical High School, died on April 24, 1956. 

Few NEACT members have attended as many meetings as he 
had. He first joined the Association in 1912 when he began see. 
ondary school chemistry teaching at Worcester Classical High 
School. In 1947 he was tendered an Honorary Membership. 
“Dan,’’ who attended his last meeting of the NEACT at Exeter 
in the fall of 1955, will be remembered with sincere affection by 
many of our older members who will miss his hearty greeting. 

The son of an Irish immigrant who came to the United States 
from New Brunswick shortly after the Civil War and a graduate 
of the Worcester Classical High School in 1886, he worked a year 
as a reporter for the Worcester Gazette, then entered Worcester 
Polytechnic Institute, majoring in chemistry. Upon graduaiion 
in 1891 he remained at ‘“‘Tech’’ for two years to pursue research 
in an effort to produce synthetic quinine, a project successfully 
concluded 50 years later by two Harvard chemists. An instrue- 
tor at the Institute in 1893, he filled this position and that of 
chemistry instructor at the Worcester Evening High School. 
In 1912 he was elected to a teaching position at the Classical 
High School. He then resigned from W. P. I., but continued at 
the Evening High School as principal until 1920. From 1917 on 
his work was largely administrative in this important. college pre- 
paratory school. 


S. Water Hoyt, for the Necrology Committee 


Collect three 6-oz. bottles of moist chlorine, generated 
in the usual manner by oxidation of hydrochloric acid 
by manganese dioxide. Obtain three rubber stoppers 
to fit these bottles and slit the stoppers on their lower 
ends (smaller area) along their diameter to a depth of 
'/, inch. Wedge a piece of the dry dyed fabric into 
each of these stoppers. Add anhydrous calcium 
chloride granules to one of the bottles to a depth of '/; 
inch and, stoppering it with a fourth stopper, shake the 
mixture thoroughly for about a minute. 

Wet one of the pieces of cloth, and insert the stopper 
bearing it into one of the bottles of moist chlorine. 
The other two stoppers are inserted into the remaining 
bottles. 

Almost immediately the wet cloth becomes bleached 
and within five minutes the cloth inserted in the other 
bottle of moist chlorine is bleached. The cloth exposed 


to the dry chlorine gas in the bottle containing calcium , 


chloride does not bleach during that period and, in 
fact, after a few days, still remains deeply colored. 


GEORGE Kapp 
Mitton G. 


James Mapison Hicu Scuoou 
Brooxiyn, New York 
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To the Editor: 

May I take this opportunity to reply to some of the 
omments made by the author of the review of ‘“Ther- 
nodynamics: from the Classic and Generalized Stand- 
points” which appeared in THIs JouRNAL (33, 191 
(1956)). 

Though my choice of symbols may have deviated 
somewhat from the usual practice, I believe the 
reader will find the meaning quite clear. The purpose 
of the book is to bring out deficiencies in classic ther- 
modynamics, more serious than mere symbolism, which 
have seriously hindered the progress of the science. 

The reviewer states, ‘‘ . . . the statements of the 
second law are the oldest possible, with none of the 
better understanding developed since 1900.” I assume 
that he has reference to those based on Boltzmann’s 
statistical view of entropy. The second part of the 
hook, particularly Chapter X XI, makes clear why I am 
not enthusiastic about the present statistical approach. 
The linking of entropy with probability is a fanciful 
concept and satisfies the desire of many to have a con- 
crete picture of entropy, yet it has not helped any 
more than classic thermodynamics to develop a sound 
theory of condensed and metastable states. 

The Kelvin-Planck principle, based on experiment, 
is valid for both classic and generalized thermo- 
dynamics. This principle is different from the second 
law expressed in terms of entropy. Clausius’ expression 
of the second law is derived from a combination of 
the Kelvin-Planck principle and the Carnot cycle. 
Whether Boltzmann’s definition of entropy is completely 
identical with that of Clausius for entropy is somewhat 
questionable, particularly when we try to apply each 
to condensed systems and metastable states. I have 
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shown that if we attempt to generalize to the slightest 
degree in order to free classic thermodynamics from 
its restricted form, we find Clausius’ entropy to be of 
little or questionable value. If Boltzmann’s rests on 
Clausius’ entropy, then the former must also be of 
questionable value. I state (p. 214), however, that 
“ft is quite possible that if we apply generalized ther- 
modynamics to the entities (microscopic particles) 
and then employ statistical considerations, we may 
come closer to our goal,’’ 7. e., develop statistical ther- 
modynamics that would satisfy condensed and me- 
tastable systems. Whether Boltzmann’s concept of 
entropy could be of use under such conditions, or 
whether some other concept must be used, has still to 
be demonstrated. 


J. L. Finck 


J. L. Finck LABORATORIES 
BrooKLyN, NEw YorkK 


ANSWERS TO CROSSWORD PUZZLE ON PAGE 339 OF 
JULY ISSUE 


Across 


1. rubber policeman, 7. distill, 8. bev, 9. hat, 11. ore, 13 
terra, 15. tilde, 16. tit, 17. cud, 18. Fermi, 20. extra, 21. 
ivory, 23. canal, 25. mss, 26. unl, 27. ionic, 28. Alder, 31. 
SAE, 32. yes, 33. tom, 34. methane, 36. Grignard reagent. 


Down 


1. radioactivity, 2. bis, 3. exist, 4. polar, 5. libration, 6. 
cuvette, 9. halftimes, 10. the mass defect, 12. endpoints, 14. 
ene, 19. reclaimer, 22. Yucatan, 24. ane, 29. dimer, 30. retla, 
35. ate. 


ON COM. 
AND COM.- 


FIFTH SYMPOSIUM (INTERNATIONAL 
BUSTION: COMBUSTION IN ENG 
BUSTION KINETICS 


The Standing Committee on Combustion Symposia, The 
Combustion Institute. Reinhold Publishing Corp., New York, 
1955. xxvi + 802 pp. Figs. and tables. 18 X 26cm. $15. 


Tuts work consists of the 101 papers presented at the subject 
symposium in Pittsburgh in 1954. Half of the 90 contributed 
papers deal with the chemical kinetics of combustion reactions. 

Other topics include the burning of fuel droplets, liquid pro- 
pellants and solids, diffusion flames, flame spectra and dissocia- 
tion energies, and special techniques. Six of the 11 invited 
papers are concerned with unsolved problems of engine combus- 
tion. The publishers state correctly that this is up-to-date 
information, indispensable to scientists and engineers in many 


fields of research that touch on combustion problems. As 
evidence of the widespread interest in the meeting, nearly half 
of the papers are of foreign authorship. 

This is the third symposium of the series to be collected in a 
single volume. One may assume that other volumes will follow 
at regular intervals, since one of the main points of business at 
Pittsburgh was the organization of The Combustion Institute, 
which will promote future symposia and arrange for publications. 
Therefore the book has much of the character and importance 
of an early volume of a scientific periodical. 

In spite of such difficulties as the diversity of subject matter 
and symbolism, the more than 700 illustrations, and the necessity 
of translating and editing foreign language articles, the book 
seems to have been meticulously assembled and well printed. 


DAVID S. BURGESS 
U.S Bureau or MINEs 
PirTsBURGH, PENNSYLVANIA 
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® CHEMISTRY OF CARBON COMPOUNDS. VOLUME 
Ill. PART A: AROMATIC COMPOUNDS 


xxiv + 685 pp. 56 tables. 
$15; single copy, $17.50. 


Vouvume IIIA of ‘Chemistry of Carbon Compounds’’ marks the 
approximate midpoint in this five-volume comprehensive organic 
treatise. Previous Volumes I and II have covered aliphatic and 
alicyclic compounds, while the present Volume IIIA consists of an 
introduction to aromatic chemistry, considering benzene and its 
mononuclear derivatives. The succeeding Volume IIIB is sched- 
uled to complete the chemistry of benzene derivatives and to con- 
sider pseudo-aromatic and polynuclear aromatic substances. 
The present volume, edited by Dr. E. H. Rodd and his advisory 
board of outstanding British chemists, consists of ten chapters 
contributed each by one or more authors. The introductory 
chapter (Ingold, Hey, Williams, Campbell) develops the history 
and theory of aromatic character and the chemistry of aromatic 
electrophilic and nucleophilic substitutions. In succeeding 
chapters, which consider the wide varieties of functional sub- 
stituents in the benzene nucleus, the emphasis is distinctly de- 
scriptive rather than theoretical, in keeping with the broad objec- 
tives of the series. These chapters follow the usual convenient 
treatment of general syntheses, properties, and reactions, fol- 
lowed by extensive lists of specific important members of the 
series under consideration. Numerous tables of physical proper- 
ties are also included, but relatively little reliance is made on 
equations and figures. No claim is made that the literature in any 
particular section of the book is covered completely to a certain 
date. The selection of included material is based, as in the past, 
on its intrinsic importance as seen by the contributors and editor. 
The balance between early and current literature appears about 
the same as that which characterized past volumes in the series. 
Utility of the present volume is enhanced by an 82-page index 
containing almost 9000 entries, as well as by frequent reference 
to previous volumes. 

There is little question that the present book maintains the ex- 
cellent standards which past volumes of this treatise have led 
chemists to expect. The painstaking editorial work going into 
these volumes is attested by the included Addenda and Corri- 
genda to the previous Volume IIB, which contains a mere 25 en- 
tries. It is gratifying that chemists may continue to purchase 
such excellent reference volumes at such a moderate cost. 


16 X 23 cm. Subscription price, 


WILLIAM A. BONNER 
Sranrorp UNIVERSITY 
STANFORD, CALIFORNIA 


* DETERMINATION OF ORGANIC STRUCTURES BY 
PHYSICAL METHODS 


Edited by E. A. Braude, Imperial College of Science and Tech- 
nology, and F. C. Nachod, Sterling-Winthrop Research Institute. 
Academic Press, Inc., New York, 1955. xiii+ 810 pp. 155 figs. 
162 tables. 15.5 X 23.5cm. $15. 


Wir the ever increasing importance of physical methods in 
organic structure determination and in the study of organic 
reactions, it is appropriate that a reference text be devoted to 
this subject. The revolution in organic structure determination 
accomplished during the past 15 years by the utilization of 
infrared spectra no doubt will insure the careful attention of 
organic chemists even to some of the less familiar physical 
measurements included in this outstanding new work. 

In some respects a title such as ‘““The Application of Physical 
Methods to Structure Problems of Organic Molecules’ might 
have been more fitting. The authors interpret the word ‘‘struc- 
ture’’ in its widest sense, and on the whole take for granted the 
“determination of structure’ as the organic chemist understands 
the term. It is their object not only to show how physical 
methods have become an important auxiliary to the classical 
determination of structure by chemical methods, but also, to 


Edited by E. H. Rodd. Elsevier Publishing Co., New York, 1954. 
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illustrate the extension of physical methods to a study of other 
types of structural features, such as bond distances, inter- and 
intramolecular associations, stereochemical relationships, con. 
jugative effects, etc. 

The chapters each include a brief discussion of the experi- 
mental methods used with references to sources providing more 
detailed descriptions. The major emphasis is given to examples 
of the types of structural problems to which the method has been 
applied. The particular value of the book lies in the numerous 
discussions of the application of the methods to specific problems. 
The critical discussions provided by the authors relative to thes 
problems seem to be of uniformly high quality. 

The subject matter is treated in three parts: 

(1) The Determination of Molecular Size (two chapters, 


pp.), 
(2) The Determination of Molecular Pattern (five chapters, 
276 pp.), 

(3) The Determination of Molecular Fine-Structure (nine 
chapters, 431 pp.). 

For methods most often useful in augmenting his chemical 
studies the organic chemist probably will be attracted first to: 
“Optical rotation’ by W. Klyne (53 pp., 149 ref.); ‘‘Ultraviolet 
and visible light absorption’ by E. A. Braude (55 pp., 156 ref.); 
“Infrared light absorption’ by R. C. Gore and (in part) E. §. 
Waight (33 pp., 67 ref.); “Dissociation constants’ by H. C. 
Brown, D. H. McDaniel, and O. Hafliger (88 pp., 239 ref., 47 
tables); ‘‘Reaction kinetics’ by E. A. Braude and L. M. Jackman 
(56 pp., 160 ref.); ‘‘Raman spectra’”’ by F. F. Cleveland (26 pp., 
22 ref.); “Magnetic susceptibilities’ by C. A. Hutchison, Jr., (60 
pp., 87 ref.); ““Dipole moments’’ by L. E. Sutton (47 pp., 225 
ref.); ‘X-ray diffraction’ by J. M. Robertson (36 pp. 83 ref.). 

Chapters of somewhat less immediate and general interest 
are: ‘Phase properties of small molecules’’ by H. F. Herbrand- 
son and F, C. Nachod (21 pp., 70 ref.); “Equilibrium and dy- 
namic properties of large molecules’ by P. Johnson (42 pp., 151 
ref.); “Surface films’’ by E. Stenhagen (43 pp., 144 ref.); ‘“Micro- 
wave spectroscopy”’ by E. B. Wilson, Jr., and D. R. Lide, Jr. 
(20 pp., 46 ref.); “Thermodynamic properties’ by J. G. Aston 
(29 pp., 88 ref.); “Electron diffraction’ by J. Karle and I. L. 
Karle (32 pp., 77 ref.). 

Although the chapter on “‘Wave-mechanical theory”’ by C. A. 
Coulson is of a somewhat different character from the others its 
presence seems fitting, and it is a most welcome addition. 

Those chapters dealing with material familiar to the writer 
were of outstanding quality. This high level appears to have 
been maintained throughout. 

The book will serve as a first reference source for chemists 
seeking new approaches to structural studies. It should inspire 
fresh attacks on some old problems, and is recommended highly. 
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F. G. BORDWELL 
NORTHWESTERN UNIVERSITY 
Evanston, ILLINOIS 


a METHODEN DER ORGANISCHEN CHEMIE. 
BAND IX: SPEZIELLE CHEMISCHE METHODEN. 
HERSTELLUNG UND UMWANDLUNG VON 
SCHWEFEL-, SELEN-, TELLURVERBINDUNGEN 


Edited by Eugen Miller. Fourth edition. Georg Thieme 
Verlag, Stuttgart, 1955. xxxi + 1337 pp. 9 figs. 89 tables. 
18.5 X 26.5cm. $54.50. 


Puiny THE Exper, in describing the poisonous effects of cert:in 
animals of the sea, states that if washed ashore and perchance 4 
man on horseback pierces them with a spear, the poison travels 
up the spear, diffuses through the man’s body, soaks through the 
saddle, and kills the horse. From this we may conclude that 
Pliny was a true prehistoric Texan. This refreshing literary 
style of transfusing a subject, in which the facts are dim and 
obscure, with interest and amusement has not been followed by 
the authors of “Die Methoden der Organischen Chemie.’”’ The 


VOLUMI 


reason pe 
detailed i 
selenium 
cided chai 
systemati 
subject. 
The fir 
and react 
subdiv 


following 


RSO.R, 
aromatic 
aromatic 
esters of 
ketones, 
acid. 
Each o1 
ods of syt 
Following 
the chem 
reactions 
tions for s 
The sec 
istry of s 
and react 
compoun 
R—SeH, 
R—Te— 
with sulf 
taining a 
selenium 
bonic acic 
pounds, | 
concludin 
nomencla 
One nee 
as dyes, 
protective 
cals, soft 
recognize 
this natu 
the date | 
idea of th 
be gainec 
references 
This voh 
of the sv 
find a sin; 
in this fie] 


Tue Ric 
Hovsto 


B. Smith 
John C. 


Illinois, 
+701; 


Tus n 
approach 
In fact, t 
difference 
titles anc 
with the 
bons, wh 


: 
4 
r 
bie 
eres 
. 
eg 


ATION 


of other 
and 
8, COn- 


experi- 
1g more 
xamples 
as been 
merous 
oblems, 
to these 


1apters, 


lapters, 


> (nine 


writer 
have 


pmists 
nspire 
ighly. 


ELL 


VOLUME 33, NO. 8, AUGUST, 1956 


reason perhaps is owing to the incredible wealth of facts and 
detailed information available on the chemistry of sulfur and 
selenium compounds. Nevertheless, this work has a more de- 
cided charm and fascination in its own right, due to the excellent 
systematic organization and the exhaustive treatment of the 
subject. 

The first 915 pages of this volume deal with the preparation 
and reactions of sulfur derivatives. This section is divided into 
24 subdivisions dealing with the chemistry of structures of the 


following types: RSH, R—S,—H, R—S—S—R, R—S,—R, 


— 
R—S—R, C——C__,IRS*] > Cc , R—SO—R, 
R \gZ \r ” R \g_R ” 
RSO.R, RSOH, RSO.H, R—SO.—OH, sulfochlorination, 


aromatic sulfonic acids, aromatic sulfonic acid anhydrides, 
aromatic sulfonyl halides, N-derivatives of ary] sulfonamides, 
esters of aryl sulfonic acid, R—SO.—SR, thioaldehydes and 
ketones, thioacids, and sulfur containing derivatives of carbonic 
acid. 

Each one of these sections reports in detail all the known meth- 
ods of synthesis, with specific laboratory directions for each type. 
Following this, there is a complete summary of the literature on 
the chemical reactions of the compounds of this class. The 
reactions likewise are illustrated with typical laboratory direc- 
tions for selected model compounds. 

The second division (295 pp.) of this volume surveys the chem- 
istry of selenium and tellurium compounds. The preparation 
and reactions of the following classes are considered: cyanogen 
compounds of selenium and tellurium as synthetic intermediates, 
R—SeH, R—TeH, R—Se—R, R—Te—R, R—Se—Se—R, 
R—Te—Te—R, polyselenides and analogous mixed compounds 
with sulfur, selenium, and tellurium, a variety of oxygen con- 
taining acids of selenium and tellurium and their derivatives, 
selenium and tellurium derivatives of carbon dioxide and car- 
bonic acid, selenium and tellurium derivatives of carbonyl] com- 
pounds, and selenium derivatives of carboxylic acids. The 
concluding chapter deals with the general problem of systematic 
nomenclature of sulfur compounds. 

One needs only to recall the widespread use of sulfur compounds 
as dyes, pharmaceuticals, rodent poisons, insecticides, plant 
protective agents, detergents, textile treatments, rubber chemi- 
cals, softening agents, moth proofing, tanning agents, etc., to 
recognize the significant contribution of an encyclopedic work of 
this nature. The literature has been covered up to 1954 or 1955, 
the date being indicated at the beginning of each section. Some 
idea of the extent to which the literature has been surveyed will 
be gained from the fact that this volume contains about 14,000 
references. The subject index has approximately 7500 entries. 
This volume is an outstanding monograph on the chemistry 
of the sulfur, selenium, and tellurium compounds which will 
find a singularly appreciative audience of all serious investigators 
in this field. 


GEORGE HOLMES RICHTER 
Tue Rice InstiTuTE 
Houston, TEXas 


a GENERAL CHEMISTRY FOR COLLEGES 


B. Smith Hopkins, Late Professor of Inorganic Chemistry, and 
John C. Bailar, Jr., Professor of Chemistry, University of 
llinois, Fifth edition. D. C. Heath and Co., Boston, 1956. 
x+ 701 pp. Manyfigs. 75tables. 17 X 24cm. $6. 


Tis new revision by Professor Bailar continues the general 
approach and philosophy of teaching adopted in earlier editions. 
In fact, those familiar with the series will find only very slight 
differences between the fourth and fifth editions. The chapter 
titles and content are identical with that of the fourth edition 
with the exception of Chapter 29, Derivatives of the Hydrocar- 
bons, which has some minor revision, and Chapter 41, The 
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Chemistry of the Nucleus, which has been rather extensively 
rewritten and expanded by six pages. The exercises at the end of 
each chapter have been revised. 

The book is very well written and shows evidence of its many 
years of success as a college text. It is replete with small but 
effective illustrations. The inorganic interest of the authors 
manifests itself in unusually complete accounts of the descriptive 
chemistry of the elements. Nearly one-third of the book is 
devoted to the metals. In both the fourth and fifth editions a 
rather extensive list of references for additional reading in jour- 
nals such as JOURNAL OF CHEMICAL EpucaTion, Industrial and 
Engineering Chemistry, Chemical and Engineering News is given 
at the end of each chapter. These articles are at an appropriate 
level and should serve to interest and stimulate the more able 
student of general chemistry. 

The general development of the book will make it useful for 
students with or without high-school chemistry. The exercises 
provided appear adequate although there are rather few solved 
problers given as examples. The treatment of chemical equi- 
librium is woven into the chapters on Solutions, Hydrogen, 
Chlorine, etc., with the emphasis generally less than found in 
many current texts. Ionic equations are used sparingly. The 
authors prefer the oxidation number method for balancing oxida- 
tion-reduction equations. The half-reaction method is not pre- 
sented. It is noted that the authors still retain illinium to 
designate element 61 in their periodic table (although it is indi- 
cated that ‘“(Cyclonium and Promethium have been suggested for 
the synthetic form of element 61’’) and on page 679 in reference 
to its formation in atomic piles. 


N. W. GREGORY 
UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


INORGANIC QUALITATIVE ANALYSIS: SEMI- 
MICRO TECHNIQUE WITH ESTIMATION OF 
CONCENTRATIONS 


Edited by Harold A. Fales, Professor of Chemistry, Rutgers 
University, Newark Colleges, and Frederic Kenny, Associate 
Professor of Chemistry, Hunter College, New York. Third 
edition. Appleton-Century-Crofts, Inc., New York, 1955. xii + 
252 pp. 39 figs. 15tables. 15 XK 22cm. $3.50. 


Tuis text presents adequately the necessary information for an 
elementary course in qualitative analysis. It is divided into two 
parts. The first part presents the necessary fundamentals of 
chemistry such as ionization constants, solubility constants, com- 
plex ions, etc. The second part gives the laboratory procedures 
and reactions for both cations and anions, including procedures 
for the phosphate ion in cation analysis and thioacetamide pre- 
cipitations. The book is relatively free of errors and is very well 
cross referenced. 

Some teachers believe the discussion of conductance, given in 
the first part, should be postponed until physical chemistry. 
The derivation of the equilibrium constant expression was 
omitted. In this connection the meaning and value of equi- 
librium constants could have been emphasized. The use of 
significant figures in some of the data used could have been 
stressed. At the end of each chapter there are many good 
questions. 

The laboratory procedures in the second part are direct and 
clear. Where large numbers of drops are required, volumes in 
milliliters could have been used. In indicating the need for 
cleanliness, the text could be more direct as to how to achieve 
this cleanliness. In the appendix the directions for the prepa- 
ration of the thioacetamide solutions have been omitted. 

This book provides a medium-sized, well-organized, and well- 
written text in semimicro qualitative analysis. 


BRUCE V. WEIDNER 


Miami UNIVERSITY 
Oxrorp, 
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* PERSPECTIVES AND HORIZONS IN MICROBIOLOGY 
Edited by Selman A. Waksman, Director, Institute of Micro- 


Brunswick, 1955. xi + 220 pp. 3 tables. 14.5 


X 22cm. $3.50. 


Tue dedication of the Institute of Microbiology at Rutgers 
University on June 7, 1954, included a symposium on Perspec- 
tives and Horizons in Microbiology. Contributions to the sym- 
posium are here collected and made available to all who are 
interested seriously in historical and developmental patterns of 
microbiological science. Little attention is given to specific 
applications of microbial activity. Instead, the book treats 
broadly the general biology, metabolism and biological associa- 
tions of microorganisms. 

Part I, The Microbe as a Living System, includes papers by 

C. B. van Niel, A. Lwoff, J. Lederberg, and B. D. Davis. Part 
II, Metabolism of Microorganisms, contains the contributions of 
H. A. Barker, J. W. Foster, W. W. Umbreit, P. Wilson, and D. H. 
Peterson. Part III, Microorganisms and Higher Forms of 
Life, is composed of presentations by M. Heidelberger, F. L. 
Horsfall, Jr., H. Eagle, and R. L. Starkey. Appended are three 
general addresses delivered at the dedication of the Institute by 
L. W. Jones, S. A. Waksman, and A. J. Kluyver. 
In common with other compilations of this type, the book suf- 
fers noticeably from the diverse styles and extremes in biblio- 
graphic coverage that prevent real coherence in subject matter. 
But all the papers are authoritative, readable, interesting, and, 
above all, stimulating. The stimulation was unquestionably 
greater for those who heard the participants at first hand. To 
others who were denied this privilege, these scholarly and 
thoughtful presentations will provide an acceptable and wel- 
comed substitute. 


12 figs. 


WILLIAM D. ROSENFELD 
CALIFORNIA RESEARCH CORPORATION 
La Hasra, CALIFORNIA 


a PHYSICAL TECHNIQUES IN BIOLOGICAL RESEARCH 
VOLUME 1: OPTICAL TECHNIQUES 


Edited by Gerald Oster, Polytechnic Institute of Brooklyn, and 
Arthur W. Pollister, Columbia University. Academic Press 
Inc., New York, 1955. xiii + 564 pp. Many figs. 16 x 23.5 
em. $13.50. 


Tuts book is the first of three: volumes dealing with the theory 
and methods of physical techniques applicable to the study of 
cells and tissues. The techniques dealt with are: 


(1) “Photochemistry and luminescence’’ by J. L. Rosenberg, 
(2) “Light scattering’ by G. Oster, 
(3) “Absorption spectroscopy’’ by C. F. Hiskey, 

rm ‘Ultraviolet absorption spectrophotometry’’ by J. F. 
ott, 
(5) “Infrared spectrophotometry’’ by C. Clark, 
(6) “The light microscope’ by C. Martin, 
(7) “Phase and interference microscopy’’ by H. Osterberg, 
(8) “Birefringence and dichroism’’ by G. Oster, and 


“Electron microscopy’’ by V. E. Cosslett. 

The subject of Phase and Interference Microscopy has been 
dealt with most thoroughly. This has been done in a clear and 
precise way characteristic of one who thoroughly knows his 
subject and of the good teacher when freed from the requirement 
of writing only for the expert. The mathematical part of this 
subject is simply presented, and is never complicated or lacking 
in rigor; the presentation, however, assumes a knowledge of the 
elementary notations and principles of optics, algebra, trigo- 
nomentry, and the calculus. 

The other subjects are presented for the most part without 
mathematical detail. The emphasis is placed upon acquainting 
the reader with methods and procedures of use in biological 
research. The treatment is designed as a guide to a proper under- 
standing of essential details and to the kind of information that 


biology, Rutgers University. Rutgers University Press, New ’ 
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can be obtained from the stated experiments. In many cases the 
reader will find it helpful to follow up the material presented in 
this book with a study of pertinent information presented in such 
books as the volumes on the ‘‘Techniques of Organic Chemistry” 
edited by S. L. Friess and A. Weisberger (Interscience Pub- 
lishers, Inc., New York). The book is indeed the equivalent of 
these volumes in the field of biology, and the two sets are comple- 
mentary. There are numerous references to more advanced 
treatments of the subjects. 

The book is an excellent starting point for building up a knowl- 
edge of the stated techniques applicable to biological re. 
search from the physicochemical viewpoint. 


LAWRENCE J. HEIDT 
Massacuusetts INsTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


@ INTRODUCTION TO CHEMICAL 
PHARMACOLOGY 


R. B. Barlow, Research Fellow, Yale University School of Medi: 
cine. John Wiley & Sons, Inc., New York, 1955. xiv + 343 pp. 
32 figs. 84tables. 145 X 22cm. $6.25. 


Tuis is a very well planned, informative book dealing with 
structure-activity relationships, written primarily for chemists 
by achemist. It is the first book of this type which incorporates 
sufficient elementary biological background in the text and ap- 
pendix and thus enables the reader with little or no background in 
the biological sciences to read the book intelligibly. 

Preceding each group of drugs various methods for the testing 
of biological activity are described. The author classifies the 
drugs according to their site of action and in an interesting man- 
ner discusses the role of pH, electrostatic forces, van der Waals 
forces, etc., and steric configuration as well as chemical constitu- 
tion as it might affect drug action. 

The information contained in this first book in chemical phar- 
macology is excellent and attempts to give a better understanding 
as to why great changes in activity are brought about by small 
alterations of the chemical structure. All chemists engaged in 
synthetic medicinal investigations will find this book extremely 
useful. Although the pharmacologists may find parts of this 
book oversimplified (as the author points out) they will gain a 
better insight to the mechanism of drug action. Certainly this 
book will bring about a better understanding between the chemist 
and the pharmacologist. 

The author is to be especially commended for the inclusion of 
many hundreds of references which will enable the reader to delve 
further into areas in which he is particularly interested. 


T. S. MIYA 
Purpve UNIVERSITY 
LAFAYETTE, INDIANA 
ANDROGENS: BIOCHEMISTRY, PHYSIOLOGY, 


AND CLINICAL SIGNIFICANCE 


Ralph I. Dorfman, Associate Director of Laboratories, Wor- 
cester Foundation for Experimental Biology, and Research Pro- 
fessor, Boston University School of Medicine, and Reginald A. 
Shipley, Director, Radioisotope Unit, Veterans Administration 
Hospital, and Associate Professor of Medicine, Western Reserve 
University School of Medicine. John Wiley & Sons, Inc., New 
York, 1956. xvii + 590 pp. Figs. and tables. 16 23.5 cm. 
$13.50. 


Tuis constitutes a monumental piece of work-and with the 
exception of the chemistry of the androgens, it covers in a very 
complete manner all of the other aspects of this important lass 
of steroids. It will surely represent a model on which similar 
coverage of the other major classes of steroids will be based and 
it should be an invaluable reference work to biochemists, clini- 
cians, and biologists. As far as the chemist is concerned, he wil 
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find nothing on the chemistry of androgens which has not been 
covered elsewhere in greater detail and the brief chapter (number 
4) dealing with this subject is primarily addressed to non- 
chemists. There is no particular disadvantage to such an 
arrangement since the chemistry of steroids is covered adequately 
in books such as Fieser and Fieser’s ‘“Natural Products Related to 
Phenanthrene.” Nevertheless, it is curious that as an example of 
the partial synthesis of testosterone from cholesterol, the original 
method is given rather than one of the more modern ones. 

To the steroid chemist, such as this reviewer, Chapters 7 
(metabolism of the androgens) and 8 (relative activities of the 
androgens) appeared particularly appropriate, while Chapter 18 
(androgen therapy) will probably interest all readers of the book. 
Chapter 20 (the excretion of androgens and 17-ketosteroids in 
various Clinical conditions) together with appendices B-D con- 
tain an enormous amount of very useful material for the practic- 
ing clinical endocrinologist and biochemist who is concerned with 
methods for the isolation and characterization of androgen 
metabolites. 

Appendix A contains 225 structural formulas (with names) 
which refer to textual material. The authors have gone out of 
their way to make matters easy for the nonchemist and compiete 
structural formulas are reproduced even when only minor changes 
are involved (e. g., free alcohol in one case, acetate in the other). 
Nevertheless, this is one section where the reviewer has noticed a 
fair number of minor mistakes which probably should have been 
corrected. For instance, mistakes in the formulas of testosterone 
(page 454), LII, and CXCVI were noted; equilin is misspelled 
throughout the book; structural formulas (with different num- 
bers) are given twice for androstan-17-one (pages 474 and 515) 
and for 11-hydroxy progesterone (pages 508 and 518); pentava- 
lent nitrogen (LX XXIII) is used in places; and there are several 
minor mistakes in nomenclature (e. g., XXV versus XXIX). 
These, of course, are very minor criticisms which undoubtedly 
will be taken care of in a future edition. ; 

It is doubtful whether this compendium will be used extensively 
as a textbook, but as auxiliary reading and as an authoritative 
reference work it will prove invaluable. 


CARL DJERASSI 
Wayne UNIVERSITY © 
Derroit, MICHIGAN 


* THE METALLURGY OF ZIRCONIUM 


Edited by Benjamin Lustman, Westinghouse Electric Corpora- 
tion, Atomic Power Division, Pittsburgh, and Frank Kerze, Jr., 
Reactor Development Division, Atomic Energy Commission, 
Washington, D. C. McGraw-Hill Book Co., Inc., New York, 
_ xviii + 776 pp. Many figs. Tables. 16 X 23.5 cm. 


Mucu of the material in this important treatise on zirconium 
came from recently declassified U. S. AEC literature. The 
IV-A elements, titanium, zirconium, and hafnium, have all come 
into prominence during the past ten years because of attractive 
mechanical properties and corrosion resistance. In contrast to 
titanium, zirconium is nearly as dense as iron and, therefore, 
does not present the weight-saving promise of the former. It is 
now known that zirconium has, on the other hand, a low capture 
cross-section for thermal neutrons. Because of this fact, it has 
been subjected to an extraordinary development since 1943, 
when a little was sold for $630 a pound for certain electronic 
uses. Before it could be used in nuclear reactors, methods had 
to be developed to separate it from ever-present hafnium. Con- 
trariwise, the high capture cross-section of the latter has made 
hafnium interesting for possible application in control rods of 
nuclear reactors. Briefly, the rapid adoption of zirconium to 
serve as cladding of the fuel elements of the submarine reactor 
resulted from the discovery of its inherently low cross-section, 
the development of the Kroll process for its commercial produc- 
tion, the application of modern methods to remove hafnium, and 
the very rapid expansion of knowledge about the physical metal- 
lurgy of the pure metal and of its alloys. The development of a 
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method of induction melting of metals without a crucible, using 
levitation or float melting, illustrates the extremes to which 
workers were driven to bring the Navy’s crash program on 
zirconium to fruition. Starting with a laboratory curiosity 
in 1943, by June, 1953, the STR Mark I zirconium-clad core had 
been completed and reactor had gone critical. The price of 
hafnium-free zirconium had dropped to $37 (1953) and mass- 
produced cruder metal was down to less than $15 a pound. Now 
that it is commercially availabie, zirconium is receiving industrial 
recognition and promises to be an increasingly valuable structural 
material. It is more plentiful than copper and many of the 
other so-called common elements and, now that the technology 
has been essentially worked out, its production may be expected 
to exhibit continuous growth. 

This book of 776 pages is the result of the collaboration of 53 
contributing authors, each a specialist in the particular topic 
assigned to him. The editorial work has been very skilfully 
done to blend their efforts into a smooth-reading, well-integrated 
whole. The details are documented by references to 1138 
individual books, technical articles, or, more usually, previously 
classified research reports. Much of the information is made 
publicly available in this volume for the first time. Not only will 
it be of great value to metallurgists in plants who now have to 
learn how to handle a strange new element, but also to inorganic 
chemists and chemical engineers, because another one of the 
“Jess familiar elements’’ of the period before the war has become 
commonplace. 


LAURENCE S8. FOSTER 
BELMONT, MASSACHUSETTS 


& CHEMICAL PILOT PLANT PRACTICE 


Donald G. Jordan, American Cyanamid Company. Interscience 
Publishers, Inc., New York, 1955. viii + 152 pp. 17 figs. 3 
tables. 14.5 X 22.5cm. $3.50. 


Tus 147-page book should be read by every young chemical 
engineer and by every practicing engineer engaged in develop- 
mental work. Donald Jordan has presented in a readable man- 
ner the philosophy, the principles, and the techniques of pilot- 
plant experimentation. 

Each young chemical engineer who enters development work 
must learn the techniques from more experienced men. After a 
few years, he gradually becomes aware of a central core of prin- 
ciples and techniques which are common to all pilot-plant prob- 
lems. The author has done much to eliminate this painful 
period of learning by assembling, for the first time, the methods 
of pilot-plant practice. 

In the first chapter the general considerations in the design and 
operations of a pilot plant are discussed. The second chapter 
deals effectively with the problems of scaling up pilot-plant data 
to large plant equipment. Chapters 3, 4, and 5 include a dis- 
cussion of pilot-plant equipment and give suggestions on its op- 
eration and selection. The problems of cost estimating and re- 
port writing are discussed in the final chapter. 

The book is filled with many helpful hints and rules of thumb 
in addition to proved theory. Rules of thumb are invaluable 
when used with an understanding of their limitations. The au- 
thor fails in some cases to emphasize these limitations. 

The drawings are of good quality and aid comprehension of the 
text. The photographs of sections of pilot plants are more con- 
fusing than helpful, however, since pilot plants are never noted 
for neatness of arrangement. 

“Chemical Pilot Plant Practice’ should make an excellent 
text for chemical engineering laboratory students and should also 
prove a popular book with all practicing chemical engineers. 
The author writes with the authority of a man who has spent 
many hours in pilot-plant work and he should be commended for 
an excellent job. 


HOWARD F. RASE 
UNIVERSITY OF TEXaAs 
Austin, Texas 
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© GAS KINETICS: AN INTRODUCTION TO THE contacting arrangement, type of tower construction, choice of 
KINETICS OF HOMOGENEOUS GAS REACTIONS seal depth, plate spacing, reflux ratio, number of plates, optimum 


waste concentration, allowable vapor velocity, and tower area, 
A. F. Trotman-Dickenson, Lecturer in Physical Chemistry, - Pyle’s section is supplemented by 31 pages of physical design of cohols, e 


University of = Academic Press, Inc., New York, 1955. plate columns by R. L. Geddes of the Badger Division of Stone Ms part © 
x+322pp. 30figs. 42tables. 14.5 X 22cm. $8. and Webster. Details of calculation proeedures are omitted, but fade enti 

Tus book is “a critical, though not exhaustive, survey of the there is much quantitative information of a general character, Mpaction ¢: 
experimental results [on homogeneous gas reactions] and a dis- ©- H. Brooks of Sun Oil Company contributes a 15-page chapter J galvani 
cussion of their significance,’ according to the preface. Itisin- &!VIN& considerable specific information on over-all design and Mies supe! 
tended for “the undergraduate, who having followed a first course distillation procedures in the petroleum industry. Ward O’Con- Ht substan 
in kinetics, such as is contained in the larger texts on physical "0F of the Lummus Company discusses control and instrumen- The Ar 
chemistry, seeks a general account of gas kinetics, and the grad- ttion in a 17-page chapter characterized by numerous specific ; 


ew Yor! 


uate, just beginning research, who seeks a key to the literature.’”” ©Xamples concerning the relation between flow rates, inventory Nef os 
The treatment is of elementary reactions, defined as those which _f various parts of the distillation equipment, and time lags of the JP" till 

cannot be resolved into a series of simpler reactions. The book Control system. Temperature measurement and optimum loca- ¥ i ait 
consists of four chapters following an introduction: Theories of tion of the temperature sensing device are discussed, as are the oo ¥ 


Chemical Kinetics and Energy Transfer; Unimolecular Decom- ‘¢lations between heat input methods and control of heat input. able 
positions and Bimolecular Combinations; Transfer Reactions; C. E. Strong of Hercules discusses column operation including Stabs 
Radical Decompositions and Radical Additions. The third of Preliminary tests on brand new equipment, start-up procedures, By 1, 
the chapters mentioned is by far the largest, containing 113 pages; and maintenance. The last chapter indicates some of the special 4 
it is mainly devoted to a discussion of the reactions of free atoms 4esigns and procedures characteristic of vacuum distillation, 
and radicals. A discussion of reactions involving oxygen has 8!ven from the experience of W. A. Hall of Atiantic Refining. Bulleti 
been specifically excluded, and hence no attention is given to the No one will become an expert through reading and studying Brodynam 
large class of interesting reactions which involve branching chains. this book, but it certainly accomplishes its objective of making HjjJa, Pas 
In providing the graduate with a key to the literature (whichis ™ore widely available the practical experience of those on the [}j10 ar 
covered through mid-1954) the book is more satisfactory than in firing line in industry. ; at ters for 
giving the undergraduate a general account of gas kinetics. _, Its study should be a part of the chemical engineering educa- has indus 
Little attention is given to experimental methods, except for tion of every young chemical engineer or chemist with plant dis- Bhe same 
brief descriptions of some of the more specialized apparatus, nor to tillation responsibilities or ambitions. ortable, 
the evaluation and interpretation of the immediate experimental ARTHUR ROSE A new 
results. No attempts are made to recount the experimental data Prnneyivants Graves Univensrry echnique 
which justify particular mechanisms for complex reactions. The University Park, PENNSYLVANIA een ann 
chapter on “theories’’ takes far granted an extensive acquain- Fullerton 
tance with statistical mechanics and with the development of the Called 
theories and experimental data on unimolecular reactions which ®@ ANCIENT EDUCATION nstrume! 
evolved during the twenties. The book is in no sense a text. William A. Smith, University of California. The Philosophical priced, ¢ 
Within these limits, however, the book does an excellent job of Libr. New York, 1955. xii + 309 14 X 2lem. $3.75 analysis 
the “critical survey’’ mentioned in the first quotation from the PP. 
preface. Data from many sources have been collected into “ANCIENT EpucaTIon’”’ isa book about the educational develop- >A Po 
tables, and differences and similarities critically discussed. Both ment of early peoples—the Mesopotamians, the Egyptians, §°°PY P 
photochemical and thermal processes have beer included, so that the Indians, the Chinese, the Greeks, the Romans, and the §* flat my 
the final picture is a well-rounded one. The survey is indeed a Hebrews. The author was formerly professor of education at HB" A 
critical one, and the author’s own interpretations, comparisons, UCLA. Due to the fact that education is a part of culture and modate 
and summarizing conclusions are freely offered. The book may has no meaning apart from the cultural setting, the writer has have bee 
be studied with profit by all interested in gas kinetics, whether endeavored to show that the history of education is of inestimable from all 
“just beginning research,”’ or well acquainted in the field. Many value in social engineering. The book points out that ancient B°Y WTitit 
of the latter will wish that an author index had been included. man is not just another ethnological curiosity but a bona fide of Sperr 
cultural ancestor. Therefore, one chapter is devoted to the rise New Yo 
nities Chitin of Old World cultures. A final chapter concentrates on educa- By The } 
Conumavs, Omo tion in non-literate society. Blvd. at 
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GALVESTON, TEXAS 
2s DISTILLATION IN PRACTICE and the 


Edited by Charles H. Nielsen, Research Supervisor, Engineer- CHEMI ’ cence. 
ing Research Laboratory, E. I. du Pont de Nemours & Co. Rein- e =< IN eT ae > Light 
hold Publishing Corp., New York, 1956. vi + 133 pp. Figs. on al 
13 X 19.5cm. $3. The Chemical Products Committee. Organization for Euro § frequen, 
pean Economic Cooperation, Paris, 1955. 209 pp. Many § 
THE reviewer enjoyed reading this book, and hopes there will tables. 15.5 X 24 cm. Paper bound. $2. (Available from 4 aedel h 


be more like it. Here we have no mighty tome that overwhelms Bers ‘ ‘ ; 
the potential reader with its bulk, price, and exhaustive complete- . = Publication Office, 2002 P Street, N.W., Washington 6, lation 
ness. Instead there is the rectified essence of about 100 man tim. Associat 
years of practical experience with realistic distillation operations. Tuis report gives as exact a picture as possible of the chemical Univers 
The book is of pocketbook size, and contains much of the sort of industry of the 17 countries of the O.E.E.C. at the beginning of J ts: 
information that is commonly passed on from one generation to 1955. It is an economic study giving data on production, con- to date : 
the next through personal discussions, and recorded only in sumption, and trade of a variety of chemicals. Information on on-film, 
personal notes or company files. the American chemical industry is included so that the report J “tomet 
Cyrus Pyle of du Pont gives a 40-page well-organized system- claims to cover more than two-thirds of the world output of terferon 
atic summary of the steps through which a designer goesin making _ chemicals. ductor 
plans for a new tower. He deals first with the decision as to ments ¢ 
whether the job is to be done in a single tower, or in two or more. n> i > Plan: 
Then come materials of construction, choice of the liquid-vapor (Additional book reviews start on page A340) hicians, 
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lated laboratory and small-scale produc- 
tion equipment. 


50 power microscope and a 10 power 
telescope. Approximating a fountain pen 
in size, when used as a microscope it will 
enlarge 50 times. Available on direct 


CATION 


> Development of a simplified two-inch 


a order from Edmund Scientific Corp., version of the Arthur F. Smith Co.’s 
wer area : Barrington 13, New Jersey. 
jus n announce y the firm’s 
re a ny ee ae pag > The “APIS” Telepipette, a new design president. The new model offers a rela- 
tted entinely of plastic, these h of remote pipetter for handling radio- tively inexpensive method of molecular 
aller superior active and dangerously toxic liquids, is distillation for users who do not require the 
sin see . sivanised or black iron aad.in many now available in this country through the great capacity of the full-size models. 
Atomic Center, Inc., of 489 Fifth Ave., is especially useful as a laboratory counter- 
1 O’Con- lower cost part of the large commercial model since 
any results obtained may be duplicated on 
: specific gp The Arthur F. Smith Co. of Rochester, > Freeze-Drying Equipment for Labora~ a commercial scale of any magnitude. 
ventory Me™ York, has announced the develop- tories is the subject of a new 36-page Contact the company, Rochester 3, New 
gs of the of an improved type of high vacuum York. 
im loca. et still, the first of its kind to utilize atalog 
irect agitation of the distilland. Known includes description of new freeze-drying p> A new type of thermal conductivity 
} are the the. Asco Model P, the new still is units, vacuum gauges and pumps, bath measuring instrument is announced by 
atm pable of limited fractionation of organic  ©00lers, refrigerated centrifuges, and re- Hastings-Raydist, Inc. of Hampton, Vir- 


terials up to a molecular weight of 


e special 00, with results superior to any conven- 
‘illation, ional distillation equipment. 
nIng. | Bulletin 1824B of Consolidated Elec- NEW KEWAUNEE 
tudying Brodynamics Corp., 300 N. Sierra Madre 
making Willa, Pasadena, California, describes Type 
on the #1610 and Type 21-260 mass spectrom- 

ters for the chemical, petroleum and 
educa. vas industries. Also Bulletin 1830 from 
ant dis Hhe same company describes a low cost, 

ortable, highly sensitive leak detector. 
ROSE A new instrument employing the rapid 

echnique of gas chromatography has 

een announced by Beckman Instruments, 

Fullerton 1, California. | 

Called the Gas Chromatograph, the | 

instrument is small, compact and low- 
ophical priced, and designed especially for the 
$3.75, analysis of gases and low-boiling liquids. 
evelop- > A Portable Photocopier, designed to 
ptians, COPY pages of bound books just as easily 
nd the 925 flat material, and a Film-a-record Elec- 
tion at @ronic AO Reader designed to accom- 
ire and = either 16 or 35 mm microfilm 
ter has lave been introduced by and are available 
i Remington and alee oe o 
he rise poh Be portable Kewaunee FLEXIHOOD, many dis- 


educa- 


> The Farrand Optical Co.. Inc., Bronx 


tinct advantages are gained: 


Blvd. and E. 238th St., New York 70, 
N. Y., announces a new bulletin on the 


FLEXIBILITY. Readily moved to serve all science depart- 


‘im Farrand Spectrofluorometer for deter- ments, permitting maximum convenience for class dem- 
mining spectral distribution of fluorescence Exhauet be 
and the efficiency of excitation of fluores- 
cence, FREE PLANNING MANUALS SAFETY. Assures complete safety in fume removal and 

See Kewaunce’s now of hazard control at any location. Meets all requirements 
> Light pulses in the microsecond range of State Boards. 
and modulated light be ‘abl equipment design and classroom 
Euro Wh freausn ein ght beams at variable arrangement. Check coupon for ECONOMY. Substantial savings over fixed hood system. 

Many tequencies from d.c. through the video free 44-page catalog of Educa- Less first cost; lower installation cost; no separate plumb- 

tale region are easily obtained with the new lone! Laboratory Equipment end - ing cost; mo expensive blower and duct system required; 

ton 6, high speed light pulsing and modu- Wining lower maintenance cost; less heat loss. 
' J lation apparatus announced by Baird COMPACTNESS. Saves valuable space. Only 3612” wide 
Associates-Atomie Instrument Co., 33 (43” with blower), 25” high, 20” deep. 

smical § University Rd., Cambridge 38, Massachu- 

ing of § tts. Applications for this equipment ~—--- MAIL COUPON FOR FULL DETAILS-~~~~~ 

date include use in such areas as sound- AUNEE MANUFACTURING CO. 

| on-film, video-on-film larimetry, den- 1 KEW . 

on on pola Ty 

report sitometry, photography, photometry, in- : 5014 S. Center St., Adrian, Michigan 

yut of ff ‘erferometry, measurement of semicon- KEWAUNEE MFG. CO., 1 [Send free literature on FLEXIHOOD. 
ductor parameters, physiological experi- Adrian, Mich. 1 [Send free Laboratory Manuals 55 and 55A. 

ments and biological studies. 

Plant operating engineers, lab tech- REPRES IN Title. 
‘cians, design and research personnel Address. 
will find dozens of practical uses for this i City Sete 


handy pocket instrument, combining a 
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Edttor's Sacket 


Ohio, include a thistle tube top, powder 
funnel, Q-D connector, funnel holder, 
and stoppers. 


pm A new line of Color-Coded Culture 


ginia. 


type instruments. 


p> New items in a line of unbreakable 
laboratory ware, molded of ‘Alathon” 
polyethylene resin by Pioneer Plastics, 
Box 641, Far Hills Branch, Dayton 9, 


This instrument is a major im- 
provement over the resistance type units 
widely in use for determining the thermal 
conductivity of gases in that this new 
instrument, based on the patented Hast- 
ings compensated thermopile principle, 
allows more accurate measurements to 
be made without the instability and tem- 
perature effects of the older resistance 


Tubes is now available to the laboratory 
profession through Kimble Glass Co., 
subsidiary of Owens-Illinois Glass Co., 
Toledo 1, Ohio. The tubes bear a one- 
half inch square of permanent color. 
Code colors include red, yellow, green, 
black, blue and white. 


» The model DS-3A Scintillation Well 
Counter is an extremely efficient detector 
for the measurement of gamma emitting 
radioactive samples. The instrument re- 
cently announced by Nuclear Instrument 
and Chemical Corp., 229 W. Erie St., 
Chicago 10, Illinois, features a large so- 
dium iodide “‘well’’ crystal which accom- 
modates a test tube or centrifuge tube 


AN 


Our 


INDICATORS 
| STAINS 


ITEMS 
FROM A 
SINGLE 


MATHESON, COLEMAN & BELL REAGENT 
CHEMICALS INCLUDE PRACTICALLY ALL 
THE ITEMS USED IN LABORATORY WORK! 


Our Reagent Organic Chemicals conform not only to 
the specifications shown in our price list but also to 
the best literature values. 


The Reagent Inorganic Chemicals carry maximum- 
limits-of-impurities labels, 


In addition to Reagent Organic and Inorganic Chemi- 
cals, many items of U.S.P., N.F., Practical and Techni- 
cal grades are available. 


OUR NEW CATALOG LISTING MORE THAN 4000 ITEMS 
WILL BE SENT ON REQUEST 


COLEMAN & BELL 


DIVISION OF THE MATHESON COMPANY, INC. 


Manufacturing Chemists 


EAST RUTHERFORD, NEW JERSEY @ NORWOOD (CINCINNATI), OHIO 


containing the radioactive sample. 
excellent counting geometry ea by 
the “well” permits rapid measurements 
and enables the user to obtain maximup 
statistical accuracy with minim 
amounts of radioactivity. 


p> A newly developed low-cost erating 
type Scanning Spectrometer—surp: assing 
conventional instruments in both disper. 
sion and resolution—is now in production 
at the laboratories of the Jarrell-Ash Co, 
Newtonville, Massachusetts. Advanced 
optical design results in a first order re. 
ciprocal linear dispersion of 16 Angstroms/ 
mm at the exit slit, with a minimum res 
olution of 0.2 Angstrom. 


p> A new Thermocouple Vacuum Gauge 
designed to provide an accurate and r- 
liable means for vacuum measurement has 
been recently perfected by the Arthur F. 
Smith Co. of Rochester 3. New York. 
Having a range of 0.5 micron to 1000 
microns Hg, the new gauge is simple to 
operate and compact in construction. 


> A new group of Pyrex brand glassware 
accessories, made to be used in combina- 
tion with Manostat glass and Teflon 
needle valves, and designed to offer ex- 
tremely sensitive reproducible flow con- 
trol, has just been introduced by the Enil 
Greiner Co., 20-26 N. Moore St., New 
York 13, N. Y. 


> Four-page bulletin lists a selection of 
equipment for the oil chemistry laboratory. 
Items are designed to meet specifications 
published by American Oil Chemists’ 
Society. 

For copies write to Arthur 8S. LaPine «& 
Co., 6001 S. Knox Ave., Chicago 29, 
Illinois. 


> Precision Scientific Co., 3737 W. Cort- 
land St., Chicago 47, Illinois, has published 
Data Sheet 11259B on the redesigned 
Precision Aquatrator for moisture de- 
terminations in a wide range of liquid or 
solid chemicals, foods, drugs, and indus- 
trial products. 


p> For numerous applications in laboratory 
work, processing and instrumentation, 
a new Mobil-Cold Forced Flow circulating 
cooler is announced by A. Daigger & Co., 
159 W. Kinzie, Chicago 10, Illinois. 


> Prefabricated chromatography columns 
are available under the trade name of 
CHROMASTIX, manufactured by Mar- 
antes Laboratories, 7 S. Cambridge Ave., 
Ventnor City, New Jersey. These are 
prefabricated from a porous material 
to form a stick about four inches long by 
three-quarters of an inch in diameter. 
They may be supported, either by placing 
the one rounded end in a test tube rack, 
or by clamping the column by a conven- 
tional burette clamp. One end of the 
stick is machined flat, so that when mix- 
tures are being investigated solutions can 
be applied dropwise to the flat surface. 
Elutions may be performed with reagents 
as vigorous as concentrated nitric oF 
sulfuric acids. The columns will not 
swell or lose their shape after hours of 
treatment with the conventional solvents. 
Additional data and prices may be had 
from the manufacturer. 
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Maximun 
Minimum 
A new 20-page booklet describing briefly 
he diversified line of Mathieson chemicals 
for industry has been issued by Olin 
Mathieson Chemical Corp., Industrial 
hemicals Division, Baltimore 3, Mary- 
land. 


@ Now available on request is a new illus- 
trated catalog covering Carbon and Sulfur 
Determinators manufactured by Harry 
W. Dietert Co., 9330 Roselawn, Detroit 
4, Michigan. 
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rod uction 
l-Ash Co, 
Advanced 
order re- 
ngstroms/ 
imum res. 


m Gauge 
and re- 
»ment has 
Arthur F, 
York. 

to 1000 
simple to 


@ Latest information on accessories for 
phase contrast microscopy is available in 
a new booklet catalog, D-104 published 
by the Bausch & Lomb Optical Co., 635 
St. Paul St., Rochester 2, New York. 


tion. 
..£6@A. Daigger & Co., Kinzie at Wells 
— St., Chicago 10, Illinois, has available an 


Teflon § Manual of Procedures and Sug- 
gested Uses, applying to a new analytical 
reagent under the trade name Sulfi- 
Down, which supplants hydrogen sulfide. 
This manual contains detailed data based 
on comprehensive literature research sup- 
plemented by considerable laboratory 
experience to assist those working in 
analytical chemistry, in taking full ad- 
vantage of the versatility of Sulfi-Down 
as a sulfide precipitant. 


aPine & @ Carbide and Carbon Chemicals Co., 
ago 29 30 E. 42nd St., New York 17, N. Y.. has 
Bissued an excellent brochure (F-8679B) 
on the chemicals they have available for 
V. Cort-§ the textile industry. Topics covered in- 
iblished “ude antistatic agents, chemicals for 
dyeing, chemicals for fiber synthesis and 
modification, intermediates for resin fin- 
ishes, surface active agents and water 
soluble lubricants. 


@ Anhydrous Aluminum Chloride is the 
title of a bulletin describing the chemical 
atation, and physical properties of this compound 
ulating § * made available by Product Develop- 
& Dept., Solvay Process Division, 
Allied Chemical and Dye Corp., 61 
Broadway, New York 6, N. Y. 
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me of | @A 56-page booklet on Standard and 
Mar- Simplified Drafting Practices is being 
» Ave., offered free by American Machine & 
ae ae Foundry Co., Public Relations Dept., 
aterial | 201 Madison Ave., New York 16, N. Y. 
ong by The first section of this 8'/. X 11-inch 
meter. | Publication contains a speech on this 
lacing | Provocative subject as given by Jay H. 
> rack, Bergen, AMF Standards Administrator, 
onven- before the American Society for Engineer- 


of the § ™& Education. The remaining 44 pages 
» mix | *%@ devoted to the details of AMF stand- 
ns can | 2ds on drafting room practice and simpli- 
irface. fed drafting. 


ae @A new edition of What’s New for the 
a Laboratory—26th in the series—has just 
i been announced by the Scientific Glass 
Apparatus Co., Inc., Bloomfield, New 
vents. Jor... 
ey, 


had 
@A brochure describing the NUMAR 


Large Capacity-Highly Corrosion Resistant 


Welch TRIPLE-BEAM TRIP-SCALE 


© Fast, Accurate Operation 
© Rugged Compact Construction 


© Large Capacity-1610 Grams 


® Sensitivity to 0.1 Gram 


e Patented One-Piece Beam 
e Three Scales Easily Read at Eye-Level 
e Stainless Steel Pan with Retaining Rim 


No. 4048 
Stainless Steel Pan, All Three Beams and All Exposed Parts 


Only Welch Offers All These Features: 


e Extra Weights Rested in Base 
e Silver-Gray Hammerloid Finish 


No. 4048. LOW FORM. PRICE, WITH TWO EXTRA WEIGHTS, $21.00 

4048C. PLASTIC COVER, For No. 4048, Each,{$0.90 

4048W. EXTRA WEIGHT. For increasing the capacity of No. 4048. 
Balance to 2110 grams. 


Each, $1.45 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


“For Scientists Everywhere” 


New! 


COMPACT SIZE 
Only 24” x 16” x 13” 
BUILD-UP DESIGN 


Accessories cam be 
added to basic unit 


KROMO-TOG°® 


For Gas and Vapor-Phase 
CHROMATOGRAPHY 


© Routine Analysis in 
Any Laboratory! 


© Process Control in 
Manufacturing ! 


Bench or panel-mount anywhere . . . uses 
metal columns of various lengths . . . 
analyzes gases or liquids, even liquids 
boiling up to 300°C. 

Fractions collected easily, individual 
temperature control of cell and columns, 
finest detector cell available and other 
exclusive Burrell features. You'll get un- 
expected accuracy and thoroughness far 
faster than ever before. 


Cat. No. 340-30 — $695. for Basic Unit * Ask for Bulletin 831 


F. B, PITTSBURGH, PA. 


@ Trademark 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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e Beam Arrest for Faster Weighing 
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UNIVERSAL MODEL K-3 
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Industry 
Chemicalgk uildi ig Blocks 
| 
nitromethane 
CH,NO, 


nitroethane 
CH,CH,NO, 


1-nitropropane 
CH,CH,CH,NO, 


2-nitropropane 
CH,CHNO,CH, 


Learn how the NP’s may be of help in improving — 
your present product or in creating new products. i 


write : 
COMMERCIAL 
SOLVENTS CORP. 
260 MADISON AVE, 
NEW YORK 16, N.Y. 


Branches in principal 
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Editor's Gasket 


Model M-2 precision Gaussmeter, an 
instrument for the measurement of homo- 
geneous magnetic fields, is available from 
Nuclear Magnetics Corp., 154 Boylston 
St., Boston, Massachusetts, a subsidiary 
of the Perkin-Elmer Corp. 


@ New York Laboratory Supply Co., 
Inc., 76 Varick St., New York 13, N. Y., 
has issued Bulletin No. 251 which de- 
scribes a variety of miscellaneous labora- 
tory instruments and equipment. 


@ A revised stable isotopes inventory and 
price list is available from Oak Ridge 
National Laboratory, which Union Car- 
bide and Carbon Corp. operates for 
the U. S. Atomic Energy Commission. 
Changes in this catalog were made in 
accordance with the new distribution 
policy set forth by the A.E.C. earlier this 
year. 

The revised procedures provide for 
the outright sale of many enriched stable 
isotopes to all domestic users, as well as 
to certain foreign users, -and permits 
the loan of samples of rare and expensive 
items under certain conditions. More- 
over, neither domestic nor foreign appli- 
cants will be required to file and obtain 
A.E.C. approval before purchasing the 
materials. 

Complete details of the sales and loan 
policy are contained in the new Stable 
Tsotopes Catalog. Additional information 
may be obtained by writing to: The 
Stable Isotopes Division, Oak Ridge 
National Laboratory, Union Carbide 
Nuclear Co., Oak Ridge, Tennessee. 


@ Nitroparafin Symposium is the title 
of an available brochure containing the 
full text of papers presented at a series 
of symposiums on this topic in New York, 
Chicago and San Francisco under the 
auspices of Commercial Solvents Corp. 
It is available from their office 260 Madi- 
son Ave., New York 16, N. Y. 


@ Vacuum and Pressure Gauges is the 
topic of catalog No. 140 of Hastings- 
Raydist, Inc., Hampton, Virginia. 


@ A Chromatograph Scanner is just one 
of the many new items featured in the 
latest issue of Sehaar and Company’s 
Lab-ORATORY. Included also are: the 
newly designed Aupette, King Size 
Thermo-Vac Oven, radioactive “protecto 
Paper,” Micropipet Washer and Drier, 
Tele-Thermometer with new interchange- 
able probes, etc. Copies of the 16-page 
brochure are available from Schaar and 
Co., 754 W. Lexington St., Chicago 7, 
Illinois. 


@A new bulletin which describes and 
illustrates the company’s complete line of 
humidity recording and controlling instru- 
ments, as well as accessories, has just 
been announced by The Bristol Co. of 
Waterbury, Connecticut. 

The new two-color, 22-page bulletin 
contains information on indicating, re- 
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chromatography 
column 


Outstanding because 


e The only valve universally acceptable 
for all chromatographic columns, in- 
cluding ion-exchange. 


e Valve will not leak or freeze—and no 
lubricant is required. 


« Column is easily taken apart at the 
coupling to facilitate extrusion of ab- 
sorbent for analysis or 
cleaning. 
Sturdily constructed of 
heavy wall tubing for 
utmost safety in han- 
dling and in operation, 


Designed for flexibility 
—column length, por- 
osity can be adjusted 
easily with interchange- 
able parts and ac- 
cessories. 

Removable filter disc 
permits use of one 
column over wide range 


of absorbents. 


The Ultramax chromatography 
column has been enthusiastically 
received in many laboratories. Here 
are only a few good reasons why 
users prefer them. Write today for 
complete information and prices. 
In fact, contact Fischer & Porter 
first for all precision glass. 


FISCHER 
and PORTER 


4396 COUNTY LINE ROAD, HATBORO, PA 


FOR US 
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ot on Using the Sargent Ampot and Synchronous Rotator 
Best Method for the Determination of Chlorides, Other Halogens and Sulfates 


FOR USE WITH METHODS FOR DETERMINING: 1. Chromates, Cyanides, and Phosphates. 2. Metals such as Antimony, 
Arsenic, Cadmium, Cobalt, Copper, Lead, Nickel, Palladium, Titanium, Vanadium, and Zinc. 3. Numerous Organic Compounds. 


$-29710 ELECTROMETRIC TITRATION INSTRUMENT — 
Amperometric. Polarimetric, Potentiometric, “AMPOT”, 
Sargent. Designed primarily for the performance of 
amperometric titrations, this new instrument is equally 
applicable to all general types of titration which can be 
performed with metallic electrode systems in low resistance 
circuits. The AMPOT contains a variable polarizing voltage 
source and a highly accurate vibration insensitive panel 
type microammeter for measuring current, together with 
sufficient controls to provide wide flexibility in use. The 


$-76485 SYNCHRONOUS ROTATOR—SARGENT. Designed to 
provide a convenient facility for use in amperometric 
titrations with rotating metallic micro electrodes, wherein 
constant speed of rotation is essential. A heavy duty capaci- 
tor type fully synchronous motor insures this constant speed 
of rotation at 600 r.p.m, The chuck will accommodate and 
securely hold electrodes 1% inch in diameter and has 
sufficient range to accommodate normal variations in the 
diameter of 6 mm commercial tubing. This hollow shaft 


ment of the electrodes at any level. Complete with a cross 
lere i. and stable, requiring no special handling or installa i end for connection 


* +. and provides a compact highly portable, vibration 
. itive facility. Complete with dry cells and shielded 


standard outlets, but without rotating electrodes or support. 


lead «tres with nickel wire terminals 225.00 For operation from 115 volt, 60 cycle A.C. circuits....65.00 

ces. 
rter 
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with this handy Flash Light Pointer. Pas 
Sharply defined arrow emphasizes : 
your point; can be focused on the 
screen from anywhere in the lecture 
hall. No fumbling with sticks or reach- 
ing into the picture. Pointer is light, 
well balanced, powered by three 
standard cells—no cord to trip over. 
Added convenience is a clicker for 
signalling change of slide. 
22675T—Flash Light Pointer $10.75 ee 


You'll appreciate these lab aids, too! 


HANDIEST, HOTTEST 
HELPER IN YOUR LAB! 


KAMATIK HOT PLATE. Buils 200 ml of water in five minutes and yet it won’t 
scorch your bench top. Efficient ventilation design eliminates the need for setting 
it on an asbestos pad. The 500-watt nickel chromium heater, entirely embedded 
in a moisture-proof refractory, is firmly attached to underside of the six-inch cast 
aluminum top plate. 

The rugged bimetallic thermoregulator is continuously variable—merely rotate 
the insulated handle for any temperature from room to 700° F. Top plate will 
reach this maximum temperature within 12 minutes. Comes complete with 
dove-tail socket, clamp and 6 foot cord and plug. 


SWEEP UP ALL THAT SPILLED MERCURY IN SECONDS! 


Few tasks in the laboratory are more frustrating than chas- 
ing mercury droplets—you never seem to recover it all. 
Toxic mercury vapor can be a real menace in the 
student lab, too. This Leco Sweeper eliminates all 
that. An amalgamated copper coil attracts the 
mercury into one big pool—and swoosh! Retract 

the roller by releasing plunger and all the mercury 

is trapped in the scoop! A must for every chemistry 
lab—it will pay for itself many times over in the mercury alone that you save. 


DEPENDABLE TELECHRON WALL CLOCK. Styled to 
compliment your laboratory or class room. Handsome 
gray case frames a bold 8 inch dial with easy-to-read | 
black numerals. Sweep. second hand is red to give it 
prominence. The General Electric label assures you of 
extra long serviceability. Self-starting, it operates on 
110-125 volts, AC, 60 cycles only. 


8846T—Wall Clock. $11.95 
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cording, and automatically controlling 


wet and dry bulb instruments, and psy. 
chrometers (direct reading type). Models 
for permanent mounting in various type 
of installations, as well as portable modek 
are offered. A full line of accessories, 
including wet bulb fixtures, valves, and 
motor operators for louvers, ducts, ete, 
are included. 

Also included in the bulletin are con. 
version tables of wet and dry bulb ten- 
peratures and psychrometric tables. 

Copies of bulletin H1009 are available 
from The Bristol Co., Waterbury 20, 
Connecticut. 


% Infrared spectrophotometry in_ the 
pharmaceutical field highlights the latest 
edition of the Beckman [nfrared Notes, 
a quarterly publication written for in- 
frared spectroscopists and available from 
Beckman Instruments, Inc., Fullerton 1, 
California. 

In the article, Thomas V. Parks, man- 
ager of Beckman’s Scientific Instruments 
research and former chief spectroscopist 
with Eli Lilly, traces the use of infrared 
spectrophotometry in the pharmaceutical 
industry from the isolation of crystalline 
sodium benzyl-penicillin in 1942 to its 
present extensive use in pharmaceutical 
research and control. He has included a 
selected bibliography of infrared applica- 
tions in this field. 


* Publication No. 12 of the Coffee Brewing 
Institute, Inc., Organic Acides in Brewed 
Coffee is an interesting story on the use 
of partition chromatography in identifi- 
cation of these compounds in coffee. 


% Volume 7, No. 1 of Surface house 
organ contains an article on the solution 
of a variety of heat treat problems in a 
southern California commercial heat treat 
shop. 

Other stories tell about the improvement 
of heat treat results with modern gas 
chemistry and how a team of furnaces 
produces higher-quality parts of an alum- 
inum fabricating plant. 

Copies of the 8-page, illustrated Heat 
Treat Review, are available by writing to 
Surface Combustion Corp., Toledo 1, 
Ohio. 


% Phenol-C™ (uniformly labelled) has 
been added to the list of over 150 ridio- 
active carbon compounds now available 
from Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, 
Illinois. 


% The Waiting Harvest is a twenty-three 
minute sound film, produced by the new 
Eastman color negative process, illus’ rat- 
ing the recovery of basic chemicals {rom 
once wasted materials given off in the coke 
making process. From these basic chem- 
icals, countless miracle products of today 
are shown being produced—plastics in 
solid and fabric forms, perfumes, paints, 


JOURNAL OF CHEMICAL{EDUCATION, SEPTEMBER, 1956 


It 


Please 


4 
Focus your students’ ANE 
q attention... 
' 
: 
+e 
MISCELLANY 

"10. = 

‘a 

. 


MILLIVAC POLY-FUNCTIONIST 


‘A NEW UNIVERSAL ADAPTER FOR ELECTRICAL MEASUREMENTS 


controlling 
and psy- 
). Models 
‘ious types 
ble models 
ecessories, 
alves, and 
ucts, ete, 


COMBINED 
VOLTAGE DIVIDER, SHUNT BOX 
AND WHEATSTONE BRIDGE. 


con- 
ulb tem. 

T 
eas Y- FUNCTIONIS 434 


bury 2, OF 


in the 
the latest 


lerton 1, 


ks, man- 
roscopist 
infrared 
arceutical 
ystalline 
2 to its 
ceutical 
sluded a 
applica- 


Brewing 

Brewed 
the use 
identifi- 
Be. 


house 
olution 
ns in a 
it, treat 


yement 
rm gas 


Irnaces * 


1 Heat a : MILLIVAC INST CORP SCHENECTADY N.Y, 


ing to 
do 1, 


It facilitates measurement and recording of 


as DC Potentials, DC Currents, DC and AC Resistances 


For full specifications write to 


MILLIVAC INSTRUMENT CORP. 
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The most exacting needs of 
laboratories throughout the 
world are most eminently 
and successfully met by 
Vitreosil ware (pure f 

silica) produced to the high- 
est standards of wae 


Chemical purity, re- 
sistance to heat , un- 
usual electrical resistivity, 
best ultra-violet transmis- 
sion (in transparent quali- 
ty) and low initial cc cost com- 

to platinum are some 
of Vitreosil fused 


In ee to our unusually 
large stock of transparent 
and pe including 
mg and unglazed cruci- 
les, evaporating dishes, 

beakers, tubing and rods in 
all diameters and sizes, we 
offer prompt fabrication of 
special items. 

Write today, givin 


quirements or ask for 
illustrated bulletin. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


Please send ittustrated bulletin or intorma- 

company 

Name Title. 

street. 


Basic. to Dependable 
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WACO-FIESER 
Personal Heater 
for each student! 


This popular midget hot plate is 
but 3” in diameter. Made to speci- 
fications of Dr. L. F. Fieser, Harvard 
University. 


Safe in the Organic Laboratory! 
The WACO.FIESER has 70 watt ele- 
ment, enclosed in 3” refractory. 
Highly conductive aluminum top. 


for 
volts. jpecify 
Cat. No. JC6612 


WACO 
BLADE HEATER 


For Heating Water Baths 
and Liquids . . . FAST! 


Ideal heater for water baths 
and other liquid heating. Thin 
flat blade provides large area 
for heat transfer. Application 
and cut-off of heat are, there- 
fore, almost instantaneous. . . 
with minimum lag and mini- 
mum cycling! 


Heating element is chromel ribbon 
on mica. Length 13”, blade 5!/, x 
1 X 1/3" thick. With 7 ft. cord and 
twist-lock plug. For 115 volts. 
Specify Cat. No. JC6610. 
Size A, 125 watts 
Size B, 250 watts 
Size C, 500 watts 
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Vertical jack move- 
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drugs, fertilizers, insecticides and many 
others. It is available on a free booking 
basis from U. 8S. Steel Corp., 525 Wm. 
Penn Place, Pittsburgh 30, Pennsylvania. 


% During the past three years there has 
been mounting concern over the short and 
dwindling supply of high school teachers. 
We watched the catastrophic drop in the 
number of teachers in training starting 
in 1950. We could calculate the growing 
need from the surge of war-born young- 
sters advancing steadily upon our limited 
high school facilities. Yet we did too 
little in anticipation of the problem. 

Now the pattern is about to be re- 
peated in our colleges. These same 
young people are growing up. Many of 
them will soon enter institutions of higher 
learning. Shall we repeat our mistakes, 
too, by waiting until the problem is 
upon us? Or shall we anticipate the need 
for more college teachers, more space, 
and more equipment, particularly in 
engineering and science? 

With respect to teachers, the crisis is 
already here, but in a mild enough form 
to be dealt with rationally. 

Foreseeing the need of concerted think- 
ing, planning, and action at higher educa- 
tional levels, the Engineering and Scientific 


Manpower Commissions, at their respec. 
tive February meetings, agreed to con. 
bine forces and to make the college. 
university situation a major subject o 
study and action in 1956. The Con. 
missions have a sympathetic ally in the 
American Council of Education, but this 
organization must necessarily deal with 
all the disciplines which, in aggregate, 
constitute higher education. The Con. 
missions can, and will, focus upon the 
special problems that will confront de. 
partments and schools of engineering and 
science. 


merely by motivating qualified young 
people and providing them with good 
background training at the high school 
level. After they are motivated, they 
must then receive the best technical 
training we can provide, with the best 
instruction in well-equipped institutions 
of higher learning. 


% Throughout 1956 Americans will cele- 
brate the most important birthday in the 
food industry, a celebration to mark the} 
50th anniversary of the passage in 1906 
of the first Federal Food & Drug Act. 
This is the law which has been called the} 
most significant peacetime legislation in 
the history of our country. 


% Mobay Chemical Co., 1901 S. Second 
St., St. Louis 4, Missouri, has available a 
brochure entitled An Adventure in Profits 
describing nature and potential uses of 
flexible urethane foam. 


The new NALGENE [HH] funnels are made in exactly’ ‘ 
60° cones. Notice the 58° inner ribbing that assures 
rapid filtration. The outer ribbing allows air release 
when used directly on a container. Molded from 
linear POLYETHYLENE for higher tensile strength, 
greater rigidity, and high temperature 


resistance, here is in fact..... 


the first series of Plastic Funnels 
designed specifically for ee Chemistry 


At Laboratory Supply Dealers | ALGE (0) Ine. 


WACO 
order, if 


are included! 


Laboratory Supplies and Equipment 


WILKENS-ANDERSON CO. 


4525 W. Division St. Chicago 51, Ill 


Catalog Number 1235 [HH] 


Stem length 

For paper dia. ...... mm 55 
Number in each case. p+ 
Price each 


55 
60 
90 
36 


-30 


Less 10% in case ro less 15% in assortments of 5 cases. 


ROCHESTER 2,NEW YORK 


65 160 
65 
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36 
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METALS OF GROUPS 


IV-VIll.' 


A. GROUP IV 


Titanium 


21-1 Exhibit: rutile, rutile gem, can of titanium- 
base paint, Ti compounds. See Demonstra- 
tion 20-16, hydrolysis of TiCl. 


Exhibit: tin ores and compounds, safety 
pins, bronze casting, tin pan. 

21-3 Analytical. Two test tubes, Sn*+*, Sn**, 
yellow ammonium sulfide. Tube 1: 10 ml. 
H,O + 5 drops Sn+* + 5 drops yellow am- 
monium sulfide: brown SnS precipitates. 
Add 2 mJ. yellow ammonium sulfide and 
boil: dissolves. Tube 2: repeat using Sn*‘: 
yellow SnS, forms.) 


Exhibit: lead ores and compounds, commer- 
cial products, flow-sheet with samples show- 
ing how oxides of lead can be made from 
one another. 

Lead-base paint. Exhibit: white lead, lead 
buckles, lead . chromate paint pigments, 
paint ingredients. 

Analysis. Pb**, dil. HCl, KeCr.0;-aq., 
Na,S-aq., NaOH-aq., three test tubes. Tube 
1: Mix 10 ml. water + few drops Pb*+* + 


dil. HCl: PbCl, precipitates. Boil: PbCl. 
dissolves. Tube 2: Mix 10 ml. water + 


few drops Pb*+*? + few drops K.Cr.O,-aq. : 
PbCrO, precipitates. Show it is soluble in 
HCl or NaOH-aq. (Forms orange PbCr.O; 
and yellow Na,PbO..) 
21-7 Lead storage battery. Battery cut to show 
plate structure. Dil. H.SO, in 250 ml. 
beaker, two 1X3” lead foils, alligator clips 
with wire leads, 7'/. volt battery, 1'/2 volt 
flashlight bulb. Hang foils over edge of 
beaker so their bottoms touch bottom of 
beaker; fasten clips to each. Attach wire 
leads to battery: note evolution of gases 
during charging of this cell. Now attach 
wire leads to flashlight bulb: lights up from 
‘ead cell’? you just ‘‘charged’’. Discuss 
internal structure of storage battery. 
Amphoteric properties. Three test tubes, 
Pb(NO;)2-aq., KOH-aq., dil. HNO;. To 
each tube containing Pbt+? add KOH-aq. 
dropwise until white Pb(OH). precipitates. 
Keeping middle tube as standard, add 
HNO; to one tube: soluble Pb(NO;). re- 
forms. To the other tube add KOH-aq.: 
soluble K,PbO, forms. 
21-9 Pyrophoric lead: see Demonstration 2-18. 
21-10 Lead tree. See Demonstration 1-15. 
21-12 Lead iodide crystals. Pb(NOs3)o-aq., KI-aq., 
two 600 ml. beakers. Dissolve 0.lg. of 
each solid in 250 ml. distilled water, mix 
while hot, set aside to cool: beautiful crys- 
tals of yellow PbI, form. 


21-8 


B. GROUP V 


21-12 Exhibit: ores and compounds of V, Cb, Ta; 
vanadium steel. 

*21-13 Vanadium valences. Prepare stable, purple 
1M VSO, in 1M H.SO, by pouring sodium 
vanadate-aq. or vanadyl sulfate-aq. through 
a Jones reductor (Zinc amalgam regenerated 
with 10 per cent H.SO,). Burette, 0.01M 
KMn0O,. Fill lower half of burette with 
VSO,-aq. Gently pour in KMn0O, solution 
and let stand: layers illustrating all four 
vanadium valences form, namely, violet 
vanadous (V*+*), emerald green vanadic 
(V+*), deep blue vanadyl (VO+?), and yel- 
low vanadate (VO;-). 


C. GROUP VI 


21-14 Exhibit: ores and compounds of Cr, Mo, 
W, U 


21-15 Perchromate. Dil. KeCr7Oc-aq., H2O2- 
3% solution., ether, test tube. Mix 20 ml. 
acid + 5 drops dichromate + 2 ml. H,O». 
Shake, and immediately add 5 ml. ether, 
shake momentarily: the ether layer con- 
tains a blue layer of perchromate. 

21-16 Valences. See Demonstration 19-17, reduc- 
tion of to Crt+* by SOx. 


Turn the page for additional demonstrations 


*Footnotes 


21-5 Titanium compounds (oxides, silicates) have out- 

stripped the use of white lead as a white paint pigment. 

21-13 See iy P. Haight, Jr., J. Chem. Educ. 29, 296(1952), 
who also suggests other procedures. 

21-30 Suggested by Col. Edgar J. Morris, Atlanta, Ga. 

21-32 The magician often performs this by having three 
glasses with a pinch of ferrocyanide in one, of thio- 
cyanate in another, and the third empty, and pouring 
from a pitcher some very dilute FeCl,-aq. This varia- 
tion was suggested to me by R. C. Crippen, of Penni- 
man and Browne, Baltimore, Md. 


Labels for Topic 21. (For code, see instructions for assembling 
kits, J. Chem. Educ., 32, 12A (1955).) 21-3-d-Sn(II), 21-3-d- 
Sn(IV), 21-3-N-yellow am. sulfide, 21-6-d-Pb(I1), 21-6-N-dil. 
HCl, 21-6-d-K,Cr-0; aq., 21-6-d-NaS, 21-6-N-NaOH aq. 
21-7-J-8 lead foil 1X3", 21-7-N-dil. H:SO,, 21-8-d-Pb(IL), 
21-8-N-KOH aq., 21-8-N-dil. HNO;, 21-9-J-4 tubes pyro- 
phoric lead, 21- 10-Pb(IL), 21-10-N-Pb(II), 21-10-J-zine rods, 
11-w-Pb(NO;)s, 21-1l-w-KI, 21-13-N-sodium vanadate 
21-13-N-0.01M KMn0,, 21-15-N-dil. H.SQ,, 21-15-d- 
KCr0, aq., 21-15-N-3% aq., 21-15-N-ether, 21-16-N- 
aq., 21-16-N- KMnO, aq., 21- 16-N-dil. H.SO,, 
21-17-d-Pb(I1), 21-17-N-HOAc aq., 21-17-d-K:Cr.0; aq., 
21-18-J-am. dichromate, 21-18-J-am. dichromate, 21-19-J- 
K,Cr.0;, 21-21-d-K MnO, aq. 21-22-N-3% H2O2, 21-22-N-dil. 
H.SO,, 21-22-N-0.1N KMnQ, 21-20-N-dil. HNO;, 21-20-N- 
Na;PO, aq., 21-20-N-ammonium molybdate 24 21-25-d-Fe 
(II), 21-25-d-Co( II), 21-25-d-Ni(II), 21-25-N-NH,OH, 21-27- 
J-bobby pins, 21-28-N-dil. HNOs, 21-28-N-CuS0O, aq., 21-28- 
J-two 2X6” sheets of iron, 21-29-w-ferric oxalate, 21-29-w- 
potassium ferricyanide, 21-29-J-blueprint paper and key, 
21-30-J-steel wool, 21-30-N-HOAc aq., 21-30-N-No. 10 motor 
oil, 21-31-N -KCNS aq., 21-31-N-K ferrocyanide aq., 21-31- 
atomizer of FeCl; aq., 21-31-J-white cloth, 21-32-d-KCNS 
aq., 21-32-d-K ferricy anide aq., 21-32-d-K ferrocy anide aq., 
21-32-d-Fe(I1), 21-32-d-Fe(III), 21- 33-J-paper soaked in CoCl: 
aq., 21-34-d-Ag(I), 21-34-w-KCNS, 21-34-N-ether, 21-34-w- 
21-36-d-Ni(II), 21-36-N-NH,OH, 21-36-N- 
dimethyl glyoxime. 


+ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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21-17 Analytical. Test tube, Pb+?, HOAc-aq., 
K.Cr.0;-aq. Mix 10 ml. water + 1 ml. di- 
chromate-aq. + a few drops of Pb*? lead 
chromate, insoluble in HOAc forms. 

21-18 Decomposition. See Demonstration 1-10, 
ammonium dichromate volcano. 

21-19 Cleaning solution. Test tube, K,Cr.0;, conc. 
H.SO,. Mix 1 volume of solid K,Cr.0, 
with 4 volumes conc. H,SO,: red crystals 
of CrO; form which is a strong oxidizing 
agent, useful for cleaning glassware. 


Molybdenum 


21-20 Test tube, NasPO,-aq., dil. HNO;, ammon- 
ium molybdate-aq. Add several ml. am- 
monium molybdate-aq. to 1 ml. HNO; + 
1 ml. Na;PO,: ammonium phospho-molyb- 
date, forms. 


D. GROUP VII 


21-21 Valences. KMnOv-aq., dry ice, evaporating 
dish. Throw lumps of dry ice into purple 
KMn0O,-aq.: green K:MnO, forms. See 
Demonstration 19-17, reduction of KMnO, 
to Mn+? by 

21-22 Volumetric analysis. Two 400 ml. beakers, 
H,0, 3% vol., dil. H2SO,, 0.1 N KMn0O, in 
25 ml. burette, two 10 ml. pipettes, stirring 
rod. Mix 206 ml. water + exactly 10.0 ml. 
H,0, + 5 ml. acid. Titrate this with 0.1 N 
KMnO,, recording volumes. Calculate 
strength of H,O.. 

21-23 Exhibit: ores and compounds of Mn; spie- 
geleisen, ferromanganese. 

Uranium—see Topic 9, for experiments in radiv- 
activity. 


E. GROUP Vill 


The Iron Family: Fe, Co, Ni 


21-24 General. Exhibit: ores, metals, and com- 
pounds of Fe, Co, Ni. 

21-25 Hydrozides and ammines. Six text tubes, 
Fet?, Cot*, Nit?, NH,OH. To tubes half 
full of water add a few drops of cation solu- 
tion + NH,OH: hydroxides precipitate. 
Add more NH,OH: soluble ammines of Co 
and Ni form. 


21-26 Iron metallurgy. Exhibit: hematite, limo- 
nite, magnetite, taconite; sand, limestone, 
lime, coal, coke; wrought iron, cast iron, 
high and low carbon steels, alloy steels. 

21-27 Tempering. Two bobby (hair) pins, tongs, 
burner, 400 ml. water. Heat bobby pins, 
allow one to cool slowly: loses its temper, 


bends easily. Chill other suddenly by plung- 


ing it into water: is hard and brittle. 

21-28 Passivity. Fuming HNO;, conc. HCl, dis- 
tilled water, dil. HNO;, CuSO,-aq., two 26” 
sheets of iron, file, hammer, four 250 ml. 
beakers. Dip iron into conc. HCl, then into 
fuming nitric acid for two minutes. Rinse 
with distilled water, place in dilute acid, or 
in CuSO,-aq: the iron is passive and does 


not react. Hammer it, or scratch it with the 
file, and now dip it into dilute acid or CuSO,- 
aq.: reacts since passivity has been de- 
stroyed. 

21-29 Blueprinting. Ferric oxalate, potassium ferri- 
cyanide-aq., blueprint paper, two 100 ml. 
cylinders, two 600 ml. beakers. Boil 0.1 g. 
ferric oxalate in 200 g. water. Divide into 
two portions. Place one under a floodlight 
for a few minutes. Compare the colors. 
Dissolve each in 400 ml. water and add 5 
ml. potassium ferricyanide-aq. The ferric 
oxalate has been photo-reduced, and will 
give dark greenish blue. Place a key or 
other object over blueprint paper, expose to 
spot-light, dip into water: print of object is 
obtained. 

*21-30 Rate of rusting. Fine steel wool pushed into 
upper quarter of three 3 K 60 cm. Dumas 
tubes of air inverted in water trough. 
Moisten the steel wool in the first tube with 
vinegar or dilute HOAc, the second with 
water, the third with number 10-W motor 
oil. Steel rusts in 1 hour, 1 day, and many 
days respectively. 

21-31 American flag. KCNS-aq., K-ferrocyanide- 
aq., FeCl;-aq. in atomizer, 1 X 3’ white 
cloth. Paint American flag on cloth, the 
KCNS for red and the K-ferrocyanide for 
blue. Dry. Spray the FeCl;-aq. on it: colors 
of flag appear. 

*21-32 Analytical. KCNS-aq., Fet*, Fet+?, K- 
ferricyanide-aq., K-ferrocyanide-aq., three 
test tubes. Tube 1: 10 ml. water + few 
drops Fe+* + few drops KCNS-aq. deep 
red FeCNS++ forms. Show how sensitive 
a test this is for Fe+* by diluting the Fe+* 
over a thousand times with water and test- 

Tube 2: 10 ml. water + a few drops 
of Fe*+* and K-ferricyanide: ferrous ferro- 
cyanide forms. Tube 3: 10 ml. water + a 
few drops of Fe+* and K-ferrocyanide: fer- 
ric ferrocyanide forms. 


Cobalt 


21-33 Some 1X2” pieces of paper soaked in CoCl.- 
aq. and stored in a desiccator. Pass around 
for students to hold in palm of hands: paper 
turns pink. 

21-34 Cobalt complex. See Demonstration 6-9, 
Co* and Co(CNS),~? complex. 

21-35 Cobalt-blue glass. See Demonstration 15-5. 
Exhibit: cobalt blue glass. 


Nickel 


21-36 Analytical. Test tube, Nit+?, NH,OH, di- 
methyl glyoxime-aq. Mix 20 ml. water with 
3 drops Ni+? + 1 ml. dimethyl glyoxime 
aq. + NH,OH in slight excess: a scarlet 
precipitate forms. Its formula is X...Ni 
. X, where X is 
CH;—C—N =O— 


The Platinum Family: Ru, Rh, Pd, Os, Ir, Pt. 


21-37 Exhibit: Pt crucible, Pt dish, Pt electrodes, 
pen point. 


Next month’s Tested Demonstrations in General Chemistry: 22. ORGANIC CHEMISTRY 
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Otto Reinmuth 


(See page 421) 
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DENSITOMETER 


Gives Exceptional Results in Micro-Analysis in 


QUANTITATIVE PAPER CHROMATOGRAPHY 


Consists of Densichron, Probe, and Transmission Light Source 
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No. 3835B Patent No. 2424933 


& It has been found that, because of the differential migration of the solutes through filter paper the maximum 
color density of the paper is proportional to the concentration of material. The “no drift” feature and the high 
sensitivity of the Densichron provide measurements of excellent repeatability with accuracies having high statistical 
significance. It has been successfully used for amino acids, sugars, vitamins, steroids, hormones, drugs, and an 
endless variety of both organic and inorganic compounds. 


DENSICHRON WITH BLUE OR RED PROBE. This consists of the TRANSMISSION LIGHT SOURCE UNIT. This is an enclosed light 
amplifier with logarithmic-scale meter, blue or red sensitive probe, source powered by a constant-voltage transformer and equipped 
metal probe support, five different measuring apertures, a cone with a hinged arm for supporting the Densichron probe. The plate 
with Ye-inch aperture, and a set of instructions. The amplifier or film to be observed is placed over the aperture and the probe 
operates on 115 volts, 60-cycle A.C., only, except on special is lowered into position for a reading. Suitable controls are pro- 
order, vided. It operates on 115 volts, 60 cycles A.C. 


No. 3835B Complete $425.00 


Write for literature describing the production of papergrams and the use of the Densichron for quantitative 
determination by the maximum density method. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880————— 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Tue normal course of events usually involves a lot 
of talk before a little action is realized. This has never 
been more true than in the present concern for improve- 
ment in high-school science teaching. We know that 
readers will share our gratification in being able to report 
activities which have made a positive contribution 
toward solving the problem (pages 460 and 461). 

There is one feature common to these widely different 
plans. This is that science is being made a personal 
matter for the young student. The best-written text 
can never substitute for the experience of hearing, 
“This is what I do. . .” from the lips of a research man 


Sditor's Outlook 


(It would be a waste of 
everyone’s time to expose the student to either the 
unenthusiastic or the inarticulate visitor from the 


enthusiastic about his work. 


laboratory.) Almost as effective is hearing the familiar 
voice of the high-school teacher say, “This is the way I 
saw the chemists doing it... .’’ (Again, it would be a 
waste of everyone’s time if the visiting teacher rubbed 
elbows only with machinery, not with people.) 
Chemistry is what chemists do. We salute the 


hundreds of individuals who have brought this kind of 
chemistry into the classroom. These are the class- 
rooms from which many chemists of the future will come. 


The death of Dr. Otto Reinmuth on Saturday, June 
23, was a shock and sorrow to all of us who knew him. 
It is indeed strange that the two men so largely responsi- 
ble for the present status of the JouRNAL oF CHEMICAL 
Epucation—Otto Reinmuth and Harvey Mack— 
should have passed away so nearly together. 

My first editorial remarks, upon taking over the 
editorship of the JouRNAL from Otto Reinmuth, were 
printed in the September, 1940, issue and began with 
words which are just as appropriate today: 

“Our frontispiece this month bears testimony to a 
long-continued effort, perhaps too little appreciated by 
the JourRNAL and the Division of Chemical Education. . . . 
If the Division is proud of its JourNAL—as it should 
certainly be—it is due almost entirely to the efforts of 
two men, one of whom is Dr. Reinmuth.’’ (The other 
was Harvey Mack, to whose memory I have also testified 
recently. ) 

There is perhaps little that I can add to what I said 
there in continuation. Those who care may read 
further. It is worth repeating, however, that the 
editorial policy which the JourNAL has followed for 
more than 15 years is the one set by Otto Reinmuth 
when he took over from the JouRNAL’s founder, Neil 
Gordon, in 1933. He wanted it to be something more 
than a teachers’ journal and his conception of chemical 
education was too broad to be confined within the walls 
of the formal classroom. He maintained a high editorial 
standard, for he felt that the readers deserved the best. 


. separated fields as chemical education and synthetic 


His own articles, which included a series on atomic 
structure, were good examples of clear exposition. He 
had the successful teacher’s knack of reducing compli- 
cated theory to simple and understandable words. He 
was not a rapid writer, but said that he often spent a 
whole afternoon with his feet on the table, thinking of 
the right words and phrases to express his thoughts. 
His editorials reflected such care, for they were brilliant 
and penetrating. 

An unfortunate handicap was his inability to feel at 
home in a crowd. On the other hand, he was a valued 
contributor to the conversation of a small group. 
Though not a man of wide friendships, he made a strong 
impression upon the few who knew him well. I imagine 
he might have been described as a “rare’’ personality. 

When he resigned the editorship he dropped out of 
the field of chemical education almost entirely and 
devoted himself to his professional field of organic 
research, which he had.-never neglected. In this field 
he has left behind two notable contributions: a long list 
of pharmaceuticals for whose synthesis he is responsible, 
and a monumental book on Grignard reactions on which 
he has collaborated with Dr. Morris Kharasch. 

To have left lasting impressions upon two such widely 


organic research is something worth having lived for. 
Who would not hope to do as well? 


Norris W. RaAKESTRAW 
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Symposium on Problems in the Teaching of Instrumental Analysis 


Onc of the most important trends in chemical educa- 
tion during the last ten years has been the enormous 
growth in courses in instrumental analysis, particularly 
at the undergraduate level. This trend, of course, is a 
manifestation of the development of analytical chem- 
istry as a whole in the direction of increased use of 
_ instrumental methods both in control analysis and in 
analysis for research purposes. 

The term instrumental analysis has a flexible mean- 
ing, and in common usage includes all methods of 
analysis which are based upon the measurement of 
physicochemical properties. It includes methods in 
which a chemical reaction is involved, and the instru- 
ment serves to follow the course of the reaction. Ex- 
amples would be potentiometric, conductometric, 
amperometric, absorptiometric, thermometric, and 
high-frequency titrations. It includes methods in- 
volving an electrode reaction, 7. e., an electronic half- 
reaction, for example in polarography, coulometry, and 
electrodeposition. It includes methods based on no 
chemical reaction, but on the observation of purely 
physical changes, e. g., in emission and absorption spec- 
trometry, and X-ray diffraction, absorption, andemission. 

There is widespread agreement that a course in 
instrumental analysis should stress fundamentals 
rather than training of technicians or analysts in 
specific fields. However, there appears to be some 
difference of opinion as to what aspects of the funda- 
mentals should be stressed. 

It seems to the author that it is worth while to 
distinguish between instrumental analysis in which the 
instrument is essentially a means to an end, namely the 
translation of a physical observation into an analytical 
result, and instrumentation in which one is principally 
concerned with the design and function of the instru- 


1 Introductory remarks to the Symposium presented before 
the Division of Chemical Education at the 128th Meeting of the 
American Chemical Society, Minneapolis, September, 1955. 


INTRODUCTORY REMARKS' 


H. A. LAITINEN 
University of Illinois, Urbana, Illinois 


ment itself. Thus, if the course is exclusively devoted 
to instrumental analysis in this sense, the funds 
mentals properly include the basis of all chemical ané 
physical processes involved in the analytical process 
If in addition instrumentation is to be included, the 
scope is enlarged to include the electronic, mechanical, 
and optical properties of the measurement system. 
However, in any case the discussion of commercial 
instruments would be classified as fundamental only in 
so far as they illustrate the application of principles. 

Obvious problems encountered in teaching instru. 
mental methods are the availability of qualified 
personnel, the availability of equipment for teaching 
as well as for research, selection of the scope of the 
subject to be covered in any particular course, and 
decision as to the approach to each portion of the mate- 
rial. Sharing of equipment between departments or 
divisions within the department may be a problem. 
Seldom is the latest commercial equipment available 
for each type of problem, and on occasion simple make- 
shift apparatus actually is advantageous in illustrating 
principles. Student projects may advantageously be 
used on occasion to construct simpler pieces of equip- 
ment. Certain topics almost inevitably must be 
covered by lecture or reading assignments for lack of 
laboratory facilities. 

The symposium will be opened with a general dis- 
cussion of the objectives of a course in instrumental 
analysis. The remaining time will be divided roughly 
into two equal major parts involving optical and 
electrical methods. In each part, some attention 
will be devoted to the purely instrumental aspects as 
well as to the methods of presentation of the physico- 
chemical fundamentals. In planning this program, 
it became evident that only a fraction of the problems 
could be covered in an afternoon’s session. It is hoped 
that future symposia will be planned to continue the 
discussion of this important topic. 
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NSTRUMENTAL methods of analysis is a new name for 
p very old subject. In quantitative analysis we make 
se of properties, be they chemical, physical, or bio- 
chemical, which can be measured quantitatively. The 
easurements are made with an instrument and there- 
ore it is no overstatement to claim that instrumental 
ethods of analysis is a subject as old as quantitative 
pnalysis. Instrumental methods like those involving 
spectrograph, galvanometer, conductance cell, gas 
yuret, electroscope, and spectrophotometer have been 
practiced for many, many years. What is the reason 
hen that during the last several years the topic of 
instrumental methods of analysis has been placed in 
the center of interest in connection with the teaching of 
analytical chemistry? The answer, I believe, is that 
with the phenomenal progress and advancement of 
instrumentation, instruments are now being made 
available which allow the determination of a property 
in considerably less time and very frequently with a 
greater accuracy than has been possible with the older 
types of instruments. 

I have seen many books and outlines of courses on 
instrumental methods of analysis and consider it rather 
significant that with very few exceptions instruction is 
provided in measurements of the same properties that 
were included in curricula in chemistry at the beginning 
of this century. In the older days, measurement of 
many properties was more the domain of the physical 
chemist than of the analytical chemist. I only have to 
mention the classical book of Ostwald-Luther, ‘ Physi- 
kalisch-chemische Messungsmethoden,” which for many 
years has been the standard text in instrumental 
methods. In those early days students of chemistry 
and especially those in good analytical institutions re- 
ceived a thorough education in such optical methods of 
analysis as refractometry, polarimetry, colorimetry, 
spectroscopy, spectrophotometry, nephelometry, fluor- 
imetry, and such electrochemical methods as conduc- 
timetry, potentiometry, and electrolysis. 

Even if one of the main aims of modern instrumenta- 
tion, that of automation, were fulfilled, we still would 
continue to teach the theoretical and experimental fun- 
damentals involved in the measurement of a property. 
It is not a function of a university to educate skilled 
technicians. The student should be provided with a 
thorough understanding of the theoretical fundamentals 
and be made familiar with the principles involved in 


' Presented as part of the Symposium on Problems in the 
Teaching of Instrumental Analysis before the Division of Chemi- 
cal Education at the 128th Meeting of the American Chemical 
Society, Minneapolis, September, 1955. 


INSTRUMENTAL METHODS IN 
ANALYTICAL CURRICULA’ 


I. M. KOLTHOFF 
University of Minnesota, Minneapolis, Minnesota 
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the actual measurements, but the emphasis should be 
on the former. A course in experimental techniques 
alone without theoretical fundamentals does not belong 
in a university curriculum. With the instruments 
available it would be easy to teach techniques in a short 
time. For example, the technique of polarography can 
be taught in a week or so, and with further education 
the student eventually might become a skilled polarog- 
rapher, but never an independent worker in the field. 
Our main objective at Minnesota in a full-quarter course 
of four credits is to make the student familiar with the 
many factors to be considered in qualitative and quan- 
titative polarography and to make him realize at the 
end of his laboratory course that he has acquired only 
a bare background which will enable him to further 
develop in an intelligent way his skill in the theoretical 
and practical essentials. Polarography is a typical 
example of one of the subjects which certainly should 
not be taught in a very short time in a streamlined 
course on instrumental methods by just having the 
student run a few polarograms. 

Quite generally our aims should be to provide a 
thorough education in the theoretical fundamentals of 
methods of analysis with emphasis on the possibilities 
and limitations of the methods—in other words, what 
can be done and what cannot be done with these 
methods. At best we can illustrate in laboratory 
courses the general principles on which the measure- 
ments are based, but we cannot and should not try to 
educate students in such a way that they become skilled 
in particular techniques of instrumental methods. It 
seems to me that the laboratories of industry are the 
proper place to educate skilled technicians, and no 
doubt such education is provided by many industries. 
From frequent requests for recommendation of Ph.D.’s 
who are specialists in spectroscopy, polarography, 
etc., it is evident that some industries are still laboring 
under the misconception that we provide education for 
specialists in certain techniques. Our educational 
philosophy is opposed to such a training because we 
teach analytical chemistry as a science and not only as a 
technique. The prestige of analytical chemistry as a 
science is still deplorably small, and it would decline 


further by merely training technicians. 


At Minnesota we have specialized and extensive 
courses in electrochemical, optical, microscopic, and 
radiation methods of analysis. With increasing knowl- 
edge of crystal, molecular, and atomic structure, mag- 
netic properties, etc., new instrumental methods of 
analysis are being developed which are not being taught 
in instrumental courses. One obvious reason is that it 


‘ 
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is a physical impossibility to cover all these subjects in 
separate courses without unbalancing the entire gradu- 
ate education in analytical chemistry. Another reason 
is a purely practical one: lack of funds to purchase for 
experimental courses the costly instruments which find 
only highly specialized application at present. 

We are of the opinion that every student in chemistry 
and particularly every graduate student in chemistry 
should be made acquainted with classical methods of 
instrumental analysis. In addition, the student should 
know of the existence of the newer methods and be made 
acquainted with the theoretical fundamentals on which 
they are based. For this purpose experts in our teach- 
ing faculty at Minnesota in analytical, physical, inor- 
ganic, and organic chemistry and in physics offer now a 
survey course in elementary theoretical fundamentals 
of instrumental methods. <A great advantage is that 
we have experts in each particular field who know by 
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experience the possibilities and limitations of the par 
ticular methods, and the student has an easy oppor. 
tunity to become acquainted with them and their work 
By virtue of the fact that they are experts in their par. 
ticular field, they can provide the student with an ele. 
mentary but very fundamental background which 
should be of lasting value in his later life. Every stu. 
dent who would like to gain practical experience in the 
newer and less common methods like mass spectrom- 
etry, X-ray analysis, magnetic susceptibility meas. 
urements, etc., is given an opportunity to do so. 
With the growing number of service laboratories 
coming into being, like those for carbon-hydrogen 
analysis, infrared spectra, mass spectra, and several 
other properties, we feel that it becomes more and more 
important to provide the student with some background 
for an interpretation of the charts or condensed reports 
which may be sent to him by these various laboratories. 


Ture is a long-standing dispute among teachers of 
instrumental analysis over the relative merits of 
commercial and home-made apparatus. With a com- 
mercial instrument it may be possible for the student 
to conduct a valid analysis without an adequate ap- 
preciation of the design principles of the instrument, 
whereas if he has assembled his apparatus from its 
ultimate components he will acquire such an apprecia- 
tion. On the other hand in a course limited to one day 
of laboratory per week for a year, many instructors feel 
that the construction of apparatus by the student con- 
sumes too much time which might better be spent in 
actual chemical work. It is also felt that a course of 
this type has definite service functions; students must 
be instructed in the intelligent use of a number of the 
modern instruments which they are likely to encounter 
in their subsequent work, both academic and industrial. 

The best procedure is to steer a middle course—to 
give the student some experiments where the emphasis 
is placed on assembly and testing of apparatus, others 
which depend on the use of commercial instruments. 


1 Presented as part of the Symposium on Problems in the 
Teaching of Instrumental Analysis before the Division of Chem- 
ical Education at the 128th Meeting of the American Chemical 
Society, Minneapolis, September, 1955. 


THE RECORDING POTENTIOMETER'’ 


Its Use in the Analytical Chemistry 
Laboratory 


GALEN W. EWING 
Union College, Schenectady, New York 


It is the purpose of this paper to point out the value of a 
recording potentiometer in both of these two types of 
student experiment. 

The modern strip-chart recording potentiometer is 
one of the most versatile instruments available. With 
simple external circuitry, it can be made to respond 
to changes in any of.the numerous physical properties 
of substances commonly utilized for analysis. One 
can record directly not only potentiometric titration 
curves but also curves of conductometric, ampero- 
metric, photometric, and thermometric titrations, cur- 
rent-voltage curves, as in polarography and related 
techniques, absorption spectra, and cooling curves. 
It can also be applied in many ways which do not yield 
direct chemical information, for example in the study 
of circuits and components, the response of photocells, 
etc. 

One advantage to be gained through the use of a 
recorder is the obvious saving of time and relief from 
the tedium involved in the manual recording and 
plotting of data. Even more important, an automatic 
recorder cannot exercise judgment: it cannot over- 
look or fail to record potentially significant data. 
Hence the inexperienced student has a better chance of 
making a valid interpretation of his results than he 
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would if his manually-recorded data were taken at too 
great intervals of the independent variable, or were 
faulty in some other respect. Likewise the instructor 
has an easier time in assisting the student if he can in- 
spect the whole record of the experiment. Not to be 
overlooked is the advantage in becoming familiar with 
the recorder itself, an instrument which is becoming 
increasingly important in industrial laboratories. 


TYPES OF RECORDERS 


Electrical recorders fall into two general classes: 
deflection and null instruments. The deflection meters, 
which may be galvanometers, voltmeters, ammeters, 
wattmeters, etc., are generally less complex in design 
and can be much the faster in response, following varia- 
tions of input up to perhaps 100 cycles per second. 
However their accuracy is generally inferior to null 
types and they are restricted to narrow recording paper, 
in many instances with curvilinear coordinates. 

A major drawback to deflection instruments is the 
loading effect on the system being measured. It 
requires a considerable amount of power to operate the 
deflection system, and this must be provided by the 
external circuit connected to the meter. Thus a de- 
flecting millivoltmeter draws a significant current, 
and a deflecting milliammeter causes a significant volt- 
age drop in its circuit. 

Deflecting recorders which are especially designed 
for high speed of response are known as recording 
oscillographs. They are particularly useful in en- 
gineering measurements on dynamic system, vibra- 
tion studies, and the like, and can also be applied to 
biological and clinical work, including encephalography 
and electrocardiography. They are seldom selected 
for chemical work. 

Null recorders may be typified by the self-balancing 
potentiometer shown schematically in Figure 1. The 
unknown potential, #,, is connected in series opposi- 
tion with a potential #, taken from a slide-wire po- 
tentiometer. A vibrating chopper is so connected that 
it throws the two potentials alternately on to the input 
of an a.-c. amplifier, at the frequency of the power line. 
The output of the amplifier energizes one winding of a 
two-phase motor, the other winding of which is con- 
nected to the power line. The motor controls the 
moving contact on the potentiometer slide wire. At 
the point of balance, E, = E,, and the amplifier re- 
ceives no 60-cycle signal from the chopper, hence sup- 
plies no 60-cycle output, and the motor is idle. If 
E, becomes larger than FL, a proportionate signal is ob- 
served and amplified, and the motor turns in such a 
direction as to increase E, to rebalance the circuit. 
If E, becomes smaller than FZ, a similar action takes 
place, but the output of the amplifier is shifted in phase 
so that the motor turns in the opposite direction to 
attain balance. The motor shaft is mechanically 
linked to the recording pen causing it to move a dis- 
tance proportional to the angular displacement of the 
sliding contact. This is therefore a measure of the un- 


known potential, 


The working current through the slide wire must be 
adjusted so that the deflection of the pen agrees with 
the calibration of scale and paper. This is generally 
accomplished by means of a standard cell and rheo- 
stat. Standardization may be automatic or semi- 
automatic. Automatic standardization has the ad- 
vantage of convenience, but in many models the re- 
corder shows a dead spot of several seconds occurring 
at regular intervals of from 30 to 60 minutes when the 
standardization takes place. This is a disadvantage, 
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Self-balancing Potentiometer; Typical Schematic 


Figure 1. 


as the dead spot may occur at an important point in 
the experiment and give false readings. In the semi- 
automatic system, standardization with its associated 
dead spot can be accomplished at any time by manual 
control. This is the preferable arrangement except for 
prolonged experiments of several hours or days. 

The details of the servo loop and its components vary 
with the manufacture, but all are similar in principle. 
It is also possible to construct a null recorder which 
balances currents rather than potentials, or which bal- 
ances a Wheatstone bridge rather than a_poten- 
tiometer. Since these models are for special purposes 
and are not as flexible as the potentiometer, they will 
not be discussed in detail. Circular-chart recorders 
are not convenient for present purposes and should be 
avoided. . 

The majority of recorders utilize paper supplied in 
rolls, either 10 or 11 inches or from four to six inches 
wide. Such instruments are most commonly operated 
at a constant paper speed and hence produce a graph 
of the input magnitude as the dependent variable 
against time. Other recorders accept standard graph 
sheets, in 8.5 X 11- or 11 X 16.5-inch sizes. Two 
similar servo mechanisms are then required, one to 
operate the pen across the X-axis, the second to move 
the pen (or paper) to control position on the Y-axis. 
Certain roll-chart recorders also are supplied with two 
servos, and are no longer time dependent. Instru- 


‘ments which permit external control of both variables 


are known as “fanction plotters” or “‘X-Y recorders.” 

We shall consider first the circuitry needed to match 
to the recorder input a number of electrical quantities 
which are of importance in analytical chemistry, and 
then the choice of time or other quantities to be taken 
as the independent variable. 


| 
| 
| 
V 
4 
> 
Ep MOTOR 
Ey 
+ 


AAAA 
VV 


Recorder 


(b) 


Figure 2. Potential Dividers 


THE DEPENDENT VARIABLE 


Potential. Direct potentials can be recorded with a 
minimum of intermediate circuitry. Since full-scale 
deflection of the recorder will usually be only 10 
millivolts (or less), and the e. m. f. to be recorded may 
be many times as great, some provision must be made 
for bringing the quantity to be measured onto the scale 
of the instrument. Ideally this should be accom- 
plished by internal changes in the recorder by which 
the voltage span of the slide wire is varied. This 
method retains the high input resistance of the re- 
corder, which is the grid-to-cathode resistance of the 
first vacuum tube, usually greater than 10* ohms. 
Many models of recorders have provision for this type 
of range selection, with a series of interchangeable range 
resistors. It is, however, not usually convenient in 
standard recorders to effect such changes during the 
course of an experiment, although certain models are 
designed especially to facilitate range control. 

Another method of adjustment is provided by a pre- 
cision voltage divider, or “voltbox.”? A voltage 
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Figure 3. Zero Adjusting Circuits 


divider can be constructed in either of two ways, as 
shown in Figure 2. The choice between these cir- 
cuits depends on a number of factors. In (a) the re- 
sistance seen by the recorder is constant, while the re- 
sistance presented to the potential being measured is 
variable. In (b) the opposite is true. For proper op- 
eration of the recorder, the resistance connected to it 
should not exceed a few thousand ohms. This con- 
dition obviously is met by circuit (a), and it is scarcely 
a limitation in (b) because the ultimate potential 
source is necessarily a low-resistance device (electrode 
cell, thermocouple, photovoltaic cell, etc.) and the over- 
all effective resistance is the parallel resistance com- 


? Harris, F. K., “Electrical Measurements,” John Wiley & 
Sons, Inc., New York, 1952, p. 160. 
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posed of the ultimate source and the divider. Clas 
electrodes and other high-resistance sources require 
preamplification. 

To minimize loading effects, the current drawn by 
the divider must be held to a minimum. The circuit 
of Figure 2b permits much smaller current drain for 
the higher sensitivity ranges than does (a), whereas in 
(a) the current is less for the less sensitive ranges than 
in (b). Since loading is apt to be more objectionable 
on high sensitivity ranges, the author feels that cir- 
cuit (b) is preferable; a total of 100,000 ohms for the 
divider is satisfactory. 

If one wishes to record small variations in a rela- 
tively large potential, it is desirable to use a divider 
setting such that the changes in potential are ade- 
quately displayed on the chart. This requires pro- 
vision for balancing out the constant portion of the 
potential or, in effect, the suppression of the zero-point. 
Such zero suppression can be achieved either by suit- 
able modification of the potentiometer circuit itself, or 
by means of a subsidiary battery circuit such as those 
of Figure 3. The advantage of (b) over (a) is that it 
provides both coarse and fine zero adjustments. 
Either will permit positioning of the zero at any point 
on or off scale, limited only by the voltage of the bat- 
tery. Zero suppression circuits are built into some re- 
corders, generally the same models provided with 
range selection. 

Current. Direct current is easily recorded by means 
of the potential drop produced in a series resistor. 
Shunt resistors of a few thousand ohms with a record- 
ing potentiometer of 10-millivolts scale permit measure- 
ments down to a few microamperes. This provides 
more than adequate sensitivity for polarography and 
allied analytical procedures. The range can be varied 
either by selecting the value of the shunt resistor, or by 
means of the volt-box described above. The zero sup- 
pression circuit of the preceding paragraph will per- 
form the function of the bias control of a polarograph, 
to permit for example the study of a reduction wave 
without interference from the wave of a more easily 
reducible species in the solution. 

Recorders can be designed to balance an unknown 
current directly against a measured current drawn from 
the slide wire through a known dropping resistor. This 
is probably to be preferred if the recorder is to be used 
solely for current measurement, but is not as versatile 
a laboratory tool as is the basic potentiometer. 

Current recording can also be employed with barrier- 
layer and other photocells, and can be used for re 
sistance measurement in conjunction with an external 
potential source. 

Resistance. The most direct manner of recording 
resistance is by means of a self-balancing Wheatstone 
bridge. This is another specialized instrument. The 
potentiometer can be adapted for resistance work either 
by means of a current shunt and external source of 
potential or by a Wheatstone bridge used in an un- 
balanced condition. The latter arrangement is es- 
pecially convenient when small changes in resistance 
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Glas 


Tequire 


are being studied. The Wheatstone bridge, which may 
be a self-contained portable unit or may be fabricated 
from components, is adjusted near to its balance point 
manually, using the recorder as a galvanometer. Then 
the unbalance potential is recorded as an indication of 
any changes in the resistance of the sensitive element. 

Such measurements are of interest for following 


rawn by 
e circuit 
rain for 
1ereas il) 


ges thanfftemperature changes with a resistance thermometer 
tionableff (ec. g., a thermistor) in photometric studies with photo- 
hat cir-Beonductive cells, in moisture determination, in gas 


| for theBanalysis by thermal conductivity, etc. 
For electrolytic resistance (or conductivity) the 
bridge may be energized with alternating current (for 


example at 60 or 1000 cycles per second) and the out- 


a rela- 
divider 


re ade-Bput rectified for application to the recorder. A 
es pro-B germanium diode or small copper oxide rectifier fol- 
of the lowed by a stage of RC filtering is the simplest type of 
0-point. § rectifying circuit, and is satisfactory except at low volt- 
DY suit-Bages (less than one volt) where this kind of rectifier 
tself, orf loses its effectiveness. For conductometric titration 
s those § this simple arrangement has been found satisfactory if 
that it J the bridge is kept unbalanced and only changes re- 
-tments. Fcorded. For applications requiring precise balancing 
y point fof the Wheatstone bridge, a phase-sensitive detector 
he bat- Ff must be substituted* (Figure 4). The a.-c. signal to 
me re- be rectified, is impressed between the center taps 
1 with § of a transformer secondary and of a fixed resistor. An 
auxiliary a.-c. voltage is applied to the primary of the 
means § transformer, and the recorder is connected across the 
esistor. F resistor. Two identical rectifier units complete the 
ecord- § circuit. The instantaneous polarity of the voltage 
asure- F developed in the transformer secondary will deter- 
‘ovides § mine which of the rectifiers is operating at any instant. 
y and § The signal potential aids the transformer potential on 
varied § one half cycle, opposes it on the next, according to its 
or by E phase. Since the output of an a.-c. bridge changes 
0 sup- § phase as the bridge passes through balance, the d.-c. 
| per- § potential delivered to the recorder will pass through 
graph, § zero at the balance point. The auxiliary voltage 
wave — must be supplied from the same source as the bridge 
easily § itself to ensure proper phase relations. It must be 
considerably larger than F, in magnitude. In Figure 
nown § 5, curve a shows the approach to zero at balance for a 
from § simple dry rectifier, curve b the response of the phase 
This § detector. Both curves give the response of the recorder 
used J as the variable arm of the bridge is driven linearly 
satile f through the balance point. 
| THE INDEPENDENT VARIABLE 
a a Time. Time is the most convenient axis against 
| | Which to display the behavior of physical quantities, 
erna 
as one need only select the proper speed of a strip 
nding chart recorder and let it operate, while concentrating 
nod one’s attention on the remaining variable. However, 
The | 2 the majority of analytical methods the quantity 
‘ther which logically would be selected as the independent 
— variable is not time, but volume (in conventional titra- 
all tion), quantity of electricity or other electrical param- 
og. or possibly temperature. It is therefore fre- 
ance [bid., p. 759. 
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quently necessary to take special steps to cause some 
quantity which is the logical independent variable to 
vary over its whole range at a constant time rate. 

There are important situations where time is the logi- 
cal independent variable. This will often be true in 
applications of reaction rates to analytical problems.‘ 
In some instances transitory phenomena of analytical 
interest may occur following an abrupt change in ex- 
perimental conditions and representing a gradual at- 
tainment of equilibrium through some relatively slow 
process, such as diffusion. An example is the chrono- 
potentiometric method.® 
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Figure 4. Phase Detector 


Volume. Following the course of a volumetric titra- 
tion is one of the most fruitful applications of the 
recorder. The ordinary buret, however, cannot be 
used conveniently because diminishing hydrostatic 
head slows down the rate of delivery too greatly. One 
way to avoid this difficulty is to use a syringe type of 
buret driven by a motor and suitable lead screw. 
Another way is to provide a Mariotte bottle as con- 
stant head device to ensure constant flow of reagent.” * 
In neither of these arrangements can volumes be re- 
corded per se, and standardization is best accomplished 
by an over-all calibration procedure. Thus a weighed 


4 See, for example, Levy, G. B., Anal. Chem., 23, 1089 (1951). 

5 Remuey, C. N., G. W. Everett, anp R. H. Jouns, Anal. 
Chem., 27, 483 (1955). 

C. N., anp W. G. Scripner, Anal. Chem. 27, 
1210 (1955). 

7 SHaprro, L., anp W. W. Brannock, Anal. Chem., 27, 725 
(1955). 

8 Taytor, J. K., anp E. Escupero-Mo.tns, Anal. Chem., 21, 
1576 (1949). 
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Figure 6. T-pad Circuit for Current Scanning 


Values are selected for 0-20 milliampere current range. 


sample of primary standard material titrated with a 
given solution (its concentration need not be known 
accurately) at a given rate of flow or motor speed is 
found by experiment to produce a deflection on the 
recorder of so many centimeters. Then unknowns 
titrated under similar conditions will produce deflec- 
tions proportional to their active content. Peda- 
gogically this is a favorable situation, for it emphasizes 
the point that our measuring instruments and tech- 
niques actually function to compare unknowns with 
primary standards. 

Quantity of Electricity. Volumetric titration can in 
many instances be replaced to advantage by coulomet- 
ric titration where the chemical reagent is generated 
electrolytically. The end point of the titration is still 
identified by observation of one of the usual physical 


Figure 7. Schematic Drawing of Complete Circuit for the Potenti- 
ometer Adapter 


quantities: color, pH, diffusion current, ete. A re- 
corded titration curve should be displayed against 
JS I dt as independent variable. This is convenient 
only if the current is held constant and the chart oper- 
ated at constant speed. If the current cannot be held 
constant, the recorder can be used to advantage to 
- plot current as a function of time. The desired in- 
tegral is then the area under the curve from the be- 
ginning of the reaction up to the end point, and may 
be determined graphically. In some systems the 
equivalance point will be evident as the point where 
the electrolysis current becomes zero or negligible. 
Otherwise, if a titration curve is desired in addition to 


both curves are obtained plotted against time on the 
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the coulometric plot, two recorders will be required, 
or better a single recorder with two channels so that 


same chart. 

Current or Voltage. In voltammetric analysis (of 
which polarography represents a special case) one may 
wish to plot either the current through a cell as a fune- 
tion of the applied potential, or conversely the poten- 
tial developed across the cell as the current passing 
through it is varied.° 

The linear variation of applied potential presents no 
great difficulty, as a simple motor-driven slide wire 
across a source of fixed potential suffices. A precision 
10-turn potentiometer is well suited to this applica- 
tion. 

Linear scanning of current involves slightly greater 
complexity. The simplest method is to employ a 
motor-driven rheostat in series with a dry-cell source; 
this will be satisfactory if the internal resistance of 
the cell under study changes but little. Change in the 
effective resistance of the cell, however, is generally 
the parameter being measured; this simple circuit 
may not be satisfactory. This fault is best eliminated 
by incorporating into the circuit a combination of 
three identical variable resistors on a single shaft, known 
as a T-pad attenuator (see Figure 6). !! The three 
units are so connected that as R, increases, Re, and 
R; decrease. The input resistance is Ri + Re» and 
the output resistance is R, + R;; each of these quan- 
tities remains constant as the shaft is rotated. The 
output voltage varies with R,, and as it is working 
into a circuit of constant resistance, the result is a 
uniform variation of current with time, if the unit is 
driven by a constant speed motor. The variations of 
the resistance of the measuring cell are completely neg- 
ligible in this circuit. 

Optical Properties. Many variables other than 
electrical can be driven at constant rate. An impor- 
tant example is wave-length scanning in a spectro- 
photometer or spectrograph operating in any region 
from X-rays to infrared. A general purpose recorder 
can be utilized, for example, with the Beckman DU 
Quartz Spectrophotometer by means of Beckman’s 
special recording attachment. 

The recorder can also be adapted to serve as a 
densitometer for measuring the optical density of 
spectrograph plates. A motor-driven stage or plate 
holder and a simple optical system and photocell «re 
required as accessories. 


STUDENT APPLICATIONS 
Of the 33 experiments detailed in the author’s 


9 Devanay, P., ‘“New Instrumental Methods in Electrochem- 
istry,” Interscience Publishers, Inc., New York, 1954, Chap. |. 

10 TeRMAN, F. E., anp J. M. Perrit, ‘Electronic Measure- 
ments,” McGraw-Hill Book Co., Inc., New York, 1952, p. ‘41 
ff 


11 Available, for example, from Technology Instrument Corp., 
Acton, Mass., also Shalleross Mfg. Co., Collingdale, Pa. 

12 Beckman Division, Beckman Instruments, Inc., Fullerton, 
Calif., Bulletin 380. 
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equiredMextbook,!* the recorder can be used directly in 12, 
SO thatfhlus two more if the Beckman recording accessory be 
> ON thefbvailable. Its application to the experiments on elec- 
rometric methods needs no further elaboration. The 
eorder has been particularly valuable in the experi- 
nent on coulometric titration to monitor the ampero- 
yetric end-point system. It can also be used to ad- 
antage with the thermal conductivity apparatus for 
ms analysis. It should prove possible to devise a 
simple filter photometric assembly to monitor the 
~balt and nickel effluent from the ion-exchange col- 
mn. 

The recorder is also useful in the college laboratory 
in various experiments not primarily analytical. It 
is ideal for the study of the properties of electrical 
ireuits. The long-term stability of an amplifier, for 
xample, can be determined by recording the output 
at constant input with a slow chart speed over a period 
of hours or days. Fatigue in a barrier-layer photocell 
is easily demonstrated, as is the effectiveness of bal- 
anced two-cell circuits in its elimination. Its applica- 
bility in the physical chemistry laboratory in kinetic 
studies and in phase-rule work requiring cooling curves 
isevident. 


EXTERNAL CIRCUIT PANEL 


If a single recorder is to be utilized for a variety of 
purposes, it is recommended that an auxiliary unit be 
constructed to contain the various circuit compo- 
nents required to connect the recorder for the different 
functions which will be needed. Figure 7 shows a 
suggested arrangement for use with a basic recorder. 
If the recorder contains zero and range adjustment 
controls, the corresponding portions of the auxiliary 
unit may be omitted. 

In the circuit shown, a six-pole, five-position switch 
permits choice of functions. Position 1 is for zero 
adjustment, position 2 for potential measurements, 
3 for currents, 4 for re- 
sistance measurements with 
direct current, and 5 for 
resistance with alternating 
currents. 10,000-ohm 
10-turn potentiometer is 
provided as the series resis- 
torfor current measurements 
and the balance arm for 
the Wheatstone bridge. A. 


Ewine, G. W., “Instru- 
mental Methods of Chemical 
Analysis,” McGraw-Hill Book 
Co., Inc., New York, 1954, pp. 
359-410. 

“Tt should not be inferred 
that the author would recom- 
mend its habitual use in all of 
these; if but one recorder is 
available it can be passed from 
one experiment to another so 
that each student has an oppor- 
tunity to use it two or three times 
throughout the course. 
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three-position switch between the bridge ratio arms 
determines the multiplying factor. The phase-sensi- 
tive detector for a.-c. bridge measurements is out of the 
circuit when not in use. The voltage divider for sensi- 
tivity selection is composed of a bank of seven resistors 
to provide sensitivity factors of 1, 0.5, 0.1, 0.05, 0.01, 
0.005, 0.001, as well as a shorting position. It is im- 
portant that all resistors be precision made, with low- 
temperature coefficients and minimum aging effects. 
This unit may conveniently be mounted in a small 
metal cabinet and bolted permanently to the case of 
the recorder. 

Figure 8 shows this unit in operation during the re- 
cording of a potentiometric titration.” 


COMMERCIALLY AVAILABLE RECORDERS 


Following is a tabulation of all American manu- 
facturers of recording self-balancing potentiometers 
(circular-chart instruments are not considered). A 
brief description of each is given; further information 
should be obtained from the respective firms. 


Applied Physics Corporation, Pasadena, California. The 
“Model 39” strip-chart recorder, with built-in automatic range 
changing. 

The Bristol Company, Waterbury, Connecticut. The ‘“Dyna- 
master” recorder. Several models are available all of which 
use standard 11-inch paper. 

Electro Instruments, Inc., San Diego, California. 
corder for 8.5 X 11-in. graph paper. 

Fisher Scientific Company, Pittsburgh, Pennsylvania. The 
“Recordall” is a combination of recording potentiometer (manu- 
factured to Fisher’s specifications by Bristol) with a control panel 
to permit convenient application to varied laboratory purposes. 

General Electric Company, Schenectady, New York. The 
“High-Speed Photoelectric Recorder” is a conveniently portable 
unit, available in many ranges and other modifications, which 
uses paper of four-inch width with curvilinear coordinates. 


An X-Y re- 


% This multiple circuit adapter is to be manufactured and 
marketed by Millivac Instrument Corporation, Schenectady, 
New York, under the trade name, “Millivac Poly-Functionist.”’ 


Photo courtesy of Millivac Instrument Corporation 


Figure 8. Recording Circuit in Use Recording a Potentiometric Titration 
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General Electric has recently announced a circular-chart poten- 
tiometer which operates on an advaneed magnetic amplifier 


principle with the elimination of standard cell, dry cells, and ° 


moving contacts. A corresponding strip-chart model is under 
development. 

Leeds and Northrup Company, Philadelphia, Pennsylvania. 
L. and N. has three series of recorders which come within the 
scope of this discussion. Of these the ‘““Speedomax G, Model 8” 
is the most versatile, and records on full width paper. It is avail- 
able in several modifications, including X-Y and multiple record 
types. Continuously adjustable range and zero setting is an 
optional feature. The “Speedomax H, Model 8” is similar.but 
uses 6.5-inch paper. The ‘“Micromax”’ recorders are generally 
slower and less versatile, but are especially well adapted to 
thermocouple measurements. 

Librascope, Inc., Glendale, California. The ‘“‘X-Y Plotter and 
Recorder’ accepts standard sheets of graph paper. Pen travel 
is one second full scale for either axis. 

Minneapolis-Honeywell Regulator Co., Industrial Division, 
Philadelphia, Pennsylvania. ‘Brown Electronik’’ recorders 
are available in a number of models, featuring high-speed re- 
sponse. X-Y plotters (for roll paper), dual input recorders, and 
instruments with adjustable range and zero setting are included. 

F. L. Moseley Company, Pasadena, California. The ‘‘Auto- 
graf” recorder is available in two models, taking respectively 
8.5 X 11- and 11 X 16.5-inch paper graph sheets. Each model 
has a pen speed of one second full scale on each axis. In each the 
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sensitivities are well within the limits required for versatild 
laboratory operation. 

C. H. Stoelting Company, Chicago, Illinois. The “Servo. 
Graphic Recorder’’ uses six-inch paper. Full-scale sensitivity is 
limited to 100 mv. 

Varian Associates, Palo Alto, California. The ‘“G-10 Graphic 
Recorder” is an inexpensive unit with sensitivity as great as 1() 
mv. full scale on six-inch paper with a maximum pen speed of one 
second full scale. 

Weston Electrical Instrument Corporation, Newark, New Jersey. 
The Model 6701 Recording Potentiometer takes standard 1I- 
inch paper rolls. A variety of ranges and chart speeds are avail- 
able. 

Wheelco Instruments Division of Barber-Colman Company, 
Rockford, Illinois. The ‘Wheelco Potentiometer Recorder” 
uses 11-inch roll paper. With standard ranges available, it is 
sensitive to a change of signal as low as 5 microvolts. 
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EXPERIENCE IN THE TEACHING OF 


SPECTROCHEMICAL ANALYSIS’ 


Tue increasing interest in the spectrograph as a tool 
for the analysis of a large variety of materials and the 
ready availability of excellent spectrographs makes it 
desirable that students become acquainted with some 
of the basic techniques as they are used in industrial 
laboratories. A large collection of expensive equip- 
nent is not required, although, obviously, the nature 
and complexity of the experiments will depend to a 
great extent on the equipment available and the pre- 
vious experience of th< student. The purpose of this 
paper is to present some ideas and relate experiences 
which may encourage others to include emission spec- 
troscopy in the curriculum. 

The author teaches a graduate-level course which 
emphasizes both qualitative and quantitative analysis. 
About 80 per cent of the time is devoted to the latter. 


1 Presented as part of. the Symposium on Problems in the 
Teaching of Instrumental Analysis before the Division of Chem- 
ical Education at the 128th Meeting of the American Chemical 
Scciety, Minneapolis, September, 1955. 


THOMAS DE VRIES 
Purdue University, Lafayette, Indiana 


The purpose and plan of operation for each experiment 
is discussed during a regular lecture period; the student 
does not depend on a laboratory manual for this part of 
the instruction. No one textbook is followed, but the 
students are encouraged to use several texts for refer- 
ence material. The very nature of a graduate course 
demands that there be a liberal use of current literature 
to present the newer developments of the art of spectro- 
chemical analysis. 

The emphasis in the lectures is on techniques. What- 
ever theory is introduced serves the purpose of explain- 
ing the techniques or criticizing them constructively. 
The following topics are discussed in a sequence of 
lectures of one hour per week: 


(1) Optimum slit width. Collimator and slit illumination. 

(2) Prism spectrographs. Relative merits of prism and grat- 
ing spectrographs. 

(3) Grating spectrographs, different mountings, overlapping 
orders, ete. 


(4) The direct-current arc. Graphite electrodes. 
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(5) Requirements for quantitative analysis using the direct- 
current arc. 

(6) The characteristic curve of an emulsion. The step- 
sector and other methods of calibration. The Seidel function. 
(7) Preparation of a “working curve.’ Use of calculating 
boards. 

(8) The high-voltage condensed-spark method of excitation. 
Design of the circuit and influence of circuit parameters on the 
results. 

(9) Discussion of other methods of quantitative analysis 
such as the logarithmic sector, standard addition, total energy, 
homologous pair, and the three-line methods. 

(10) Direct-reading spectrometers. 

(11) Properties of photographic emulsions. 
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ile, it isfy The choice of laboratory experiments is dependent on 


the equipment available at the time and they are modi- 
fed as other apparatus becomes available. At the 
present time the following experiments are required in 


nee re- 
Leously the course: 
helpful (1) Preliminaries. Optimum slit width. Focusing light on 
r., as-— slit or collimator. Use of the Hartmann diaphragm. 
project (2) Qualitative analysis of a complex mixture. (a) Spec- 
rpora- trum taken with a medium quartz prism spectrograph. (b) 
Spectrum taken with a Baird three-meter grating spectrograph. 
(3) The grating spectrograph. Higher order _ spectra. 
Stigmatic focal point. Quantitative analysis of unknowns. 
(4) Quantitative analysis using the de Gramont method. 
(5) Quantitative analysis. Time of outburn. Choice of in- 
ternal standard. Dry samples used. 
(6) Logarithmic-sector method of quantitative analysis. 
(7) Emulsion calibration curve. Correction for background 
intensity. Seidelfunction. Working curves. 7 
(8) The high-voltage condensed-spark method of excitation. 
(9) Semiquantitative methods such as the standard addition 
and the homologous-pair method (optional). 
(10) Absorption spectra in the ultraviolet region. Match- 
point method (optional). 
(11) Selection of best analytical line. Determination of 
nickel in steel (optional). 
(12) A special experiment planned by the student. 
ESSENTIAL EQUIPMENT 
Before describing the individual experiments, and 
some of the necessary specialized equipment, a few 
general remarks are in order. If a spectrograph has to 
ment # be purchased, the choice may have to be made between 
dent |, prism and a grating spectrograph. Although it is 
rt of f desirable to have an instrument which gives a fair 
a the amount of dispersion (0.2 mm. per A.), a reasonable 
efer- I course can be developed around a moderately priced 
instrument giving less dispersion. Prism spectro- 
ture I craphs are notorious in that the dispersion decreases 
ctro- I very rapidly with an increase in wave length along 
the spectrum. As an example, the medium quartz 
- spectrograph (50-cm. focal length) will have a reciprocal 
m4 dispersion of 4.2 A. per mm. on the plate at 2100 A., 
» of f andit will be 12.3 A. at 3000 A., 32.3 A. at 4000 A., and 
95 A. at 6000 A. This makes it difficult to determine 
the wave length of unknown lines by interpolation. 
tion. § For a grating spectrograph the dispersion is practically 
grat- § the same over the entire spectrum. 
vil Another consideration in the choice of an instrument 


is whether the image of the slit on the photographic plate 
is stigmatic. 


All prism spectrographs give a stigmatic 
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image. This is desirable because rotating step sectors 
and other accessories such as Hartmann diaphragms can 
be placed close to the slit. Not all grating spectro- 
graphs give stigmatic images. In such cases the stig- 
matic focal point is located at some distance in front of 


I 
207 v. 
A.C. 
I 
| 269 v. 
L 
230 v.A.C. 


three phase 


Figure 1. Rectifier Units 
the slit and varies with the position of the grating. 
This requires shifting the position of the diaphragm with 
each adjustment of the instrument for a different por- 
tion of the spectrum. 

A quartz lens frequently is used to focus the light 
from an arc source either on the slit or on the collimator 
lens (or grating) of the spectrograph. The focal length 
of the lens which is needed depends on the optics of the 
spectrograph. This is a subject discussed in several 
texts dealing with spectrochemical analysis.?—* 

The direct-current arc frequently is used to excite the 
sample placed in a small cavity in the end of the lower 
graphite electrode. A source of at least 220 volts d. ce. 
is desirable so that currents of 3-12 amperes can be 
obtained. The cost of a motor-generator set to give 
such currents may be prohibitive. At the present time 
selenium and other types of dry-disc rectifiers like the 
magnesium-copper sulfide rectifiers are available. 
When two units are used as shown in Figure 1, full 
wave rectification of single-phase alternating current 
can be obtained with the output voltage 0.90 times the 
root-mean-square (230 volts a. c.) of the input voltage. 
If three-phase a. c. (230 volts) is available, three units 
can be assembled as shown in Figure 1. The arrow 


2? Harrison, G. R., R. C. Lorp, anp J. R. Loorsovrow, 
“Practical Spectroscopy,’’ Prentice-Hall, Inc., New York, 1948, 
p. 126. 

3 Nacutries, N. H., “Principles and Practice of Spectro- 
chemical Analysis,’’ McGraw-Hill Book Co., Inc., New York, 
1950, p. 80. 

4Sawyer, R. A., “Experimental Spectroscopy,”’ 
Prentice-Hall, Inc., New York, 1951, p. 37. 


2nd ed., 
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shows the direction of electron flow. The output volt- 
age will be about 270 volts d. c. or 1.17 times the 
r.m.s. of the input voltage. The latter arrangement 
has been found to be very satisfactory. 

A convenient method of regulating the are current is 
to use fixed resistances of the proper value. Knowing 
that a 3-ampere current is desirable for the iron arc 
and a 10-ampere current for the are when graphite 
electrodes are used, one can calculate what resistances 
are necessary. The potential drop across the iron are 
is about 45 volts at 3 amperes, hence a resistance of 75 
ohms is used to take the remaining 225-volt potential 
drop. With a potential drop of 30 volts across the arc 
at 10 amperes, about 24 ohms of resistance is needed for 
this situation. Two open-coil resistances made of No. 
18 chromel wire arranged as in Figure 2 allow the choice 
of 3 amperes with S open, 10 amperes with S closed. 


24 ohms 


50 ohms 
o— 

270 volts 


arc 
i) 


Figure 2. Circuit for Direct-current Arc 


A, ammeter; V, voltmeter; S, single pole switch. 


DESCRIPTION OF THE EXPERIMENTS 


The main object of the first experiment is to acquaint 
the student with such important details as the setting of 
the slit to the proper or optimum opening, the proper 
position of the focusing lens, and the use of the Hart- 
mann diaphragm. For qualitative analysis where sharp 
lines are desired, the optimum slit width is found by 
observing a vertical single-filament lamp from the plate 
end of the prism spectrograph and closing the slit until 
the main (central) diffraction band almost extends 
across the visible area of the prism or lens. For quanti- 
tative analysis a wider slit is generally used. 

The next two laboratory periods are devoted to 
qualitative analysis for which both a medium quartz 
spectrograph and a Baird three-meter grating spectro- 
graph are used. With the prism spectrograph the 
spectrum from 2100 A. to 7000 A. is obtained on a 4- x 
10-inch plate, but with the grating only a span of 1400 

. can be obtained. For qualitative analysis the range 
from 2200 A. to 3600 A. is therefore generally used. 
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A variety of materials is dispensed to the students 
asunknowns. The persistent lines of common elements 
‘are located on the plates by two different techniques. 
For the first of these the students have prepared a set 
of reference plates showing the spectra of the elements 
which are possible constituents of the unknowns. 
These are on plates adjacent to an iron spectrum for 
ease in locating and marking the position of the per- 
sistent lines. 

A less limited qualitative analysis for some 60 ele- 
ments is made possible in the following manner: from 
two to four persistent lines in the wave length range 
2200-3600 A. are chosen from the spectrum of each 
element. The objectionable cyanogen band spectrum 
does not fall in this range. These lines are then listed 
in order of increasing wave length together with selected 
iron lines at 50-A. intervals. A measuring micrometer 
with a low-power microscope is used to observe the 
lines. The wave lengths of the selected iron lines are 
known and can be correlated with readings on the 
micrometer. Because the dispersion is practically 
linear it is a simple matter to calculate the micrometer 
readings for the lines of the elements tabulated in the 
list. Table 1 shows the general arrangement of some 
entries from that table. The intensity of the line is 
that given in the “ Massachusetts Institute of Tech- 
nology Wavelength Tables.’® The “P” added to the 
intensity values denotes a “persistent line.” The “in- 
terferences”’ are those elements which have lines within 
0.2 A. of the analytical line. Such a method of locating 
lines on a plate could be adapted with more difficulty 
to the spectra of nonlinear dispersion taken with a prism 
spectrograph. 


QUANTITATIVE ANALYSIS 


There are several possible methods of semiquantita- 
tive analysis which do not require the use of a micro- 
densitometer to measure the blackness, 7. e., the optical 
density of the lines. A densitometer is, however, highly 
desirable and actually necessary to perform experiments 
and study techniques which are comparable with good 
industrial practices. 

At first the students prepare a set of standard solu- 
tions such that one milliliter contains 500 milligrams of a 
matrix element. A constant but small amount of an- 
other element may be added to serve as an internal 
standard. Each of these solutions contains a varying 
percentage of the element designated as the variable. A 
typical set would contain 0.003, 0.01, 0.02, 0.05, 0.1, 
0.3, and 1.0 per cent of the variable. Some typical 
mixtures are: aluminum in copper, bismuth in lead, 
cadmium in zine, magnesium in lead, lead in copper, 
and sodium in barium. Generally the solutions are 
made from chloride or nitrate salts. 

The first semiquantitative method that the students 
study makes use of these standards; each student uses a 


5 Harrison, G. R., ‘Massachusetts Institute of Technology 
Wavelength Tables,’ John Wiley & Sons, Inc., New York, 1939. 
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different set. In this way they can compare results 
and study the behavior of the different mixtures. A 
visual comparison is made of the blackness of one or 
more lines of the unknown with the same line in the 
spectra of the standards which were photographed to- 
gether on the same plate under conditions which are 
as identical as is experimentally feasible. Each sample 
isprepared by evaporating 0.05 or 0.10 milliliter of the 
desired solution in the cavity at the end of a '/,-inch 
diameter graphite electrode one inch long. The proper 
exposure time must be determined by experience. 

Another experiment requires that the student cal- 
culate and cut a logarithmic-sector wheel. This 
demonstrates a second method of quantitative spectro- 
chemical analysis. The wheel is rotated before the slit 
of the spectrograph so that the length of the spectrum 
lines is proportional to the logarithm of the concentra- 
tion of the element in the sample. Usually the length 
of a line of an internal standard is also measured. Then 
the difference in the length of these two lines is plotted 
against the logarithm of the concentration. 

The calculation of the shape of the curve can be shown 
by reference to Figure 3. The cut AB generally is 
made about 16 mm. deep. This will be the length of 
the longest lines on the plate. If an exposure range of 
from 40 to one is desired, the width of the opening at 
AC should be nine degrees of are, 7. e., '/49 of the com- 
plete circumference. Thus the equation.0 = A + B 
log 360 is a statement that one is on the circum- 
ference, and the equation 16 = A + B log 9 is a state- 
ment that one measures in 16 millimeters toward the 
center. The coefficients A and B can be readily cal- 
culated from these two simultaneous equations to give 
L = 25.56 — 10.0 log &, where L is the distance in from 
the outside circle for various values of angle @. A piece 
of thin cardboard is mounted on the shaft of a light- 
weight motor, and with the wheel spinning the sharp 
point of a firmly-held pencil will describe a true circle 
about the center of rotation of the motor shaft. A 
pair of dividers is used to make a series of pin pricks, 
about 4 or 5 millimeters apart on the circumference, 
which serve instead of degrees for making the calcula- 
tions. 


Very satisfactory results have been obtained. For 
example, with a 50:1 sector a student obtained lines of 
length 15, 12, 8, and 5 millimeters for aluminum in 
copper at concentrations of 1.0, 0.3, 0.1, and 0.05 per 
cent. When length of spectral line is plotted against 
the logarithm of the concentration, a straight line re- 
sults. 

A convenient piece of equipment for evaporating 
solutions rapidly in the cavity of a graphite electrode 
is made as follows. About 20 small coils are made from 
18 inches each of No. 22 chromel wire so that the 
graphite electrode will just fit inside the coil. The 
resistance is about 1.5 ohms per coil. These coils, about 
3/, inch long, are mounted on the front side of a piece 
of transite board with brass nuts and bolts to which 
wires can be soldered to connect them in series. A 
larger resistance, of the order of 60 ohms, is also re- 
quired if 115 volts a. c. is used as a source of power. 
Behind the board a flexible wire with an alligator clip 
is used to vary the number of coils in the circuit and 


TABLE 1 
From a List of Persistent Lines for Qualitative Analysis 
Micrometer 

reading Element Intensity Wave length Interferences 
102.20 Pb 250 2802 . 00 W 8, —, Ta 300, Mn 5 
102.32 Mg 150 2802.70 Ti 100, Mn 2, Cu 10, —, Ta 10, Co 100 
104.72 Mo 200 2816.15 = 
105.98 Pb 150 2823.19 —, Fe 200 
106.19 Cu 1000 2824.37 Co 2, —-, Ag 150, Pt 2, V 2 
107.25 Pt 1000 2830.30 W 10, —, V 10, Cr 15 
107.61 Th 18 2832.32 Ti 25, —, Fe 300, Cr 2 
107.74 Pb 500P 2833 .07 W 10, Zr 2,—, 
108.19 Cr 100 2835 . 63 Fe 100, —, V 12, W 12 
108.50 Th 15 2837 .30 Co 75, Zr 100, —, Mo5 
108.64 Fe 2838.12 (To check micrometer setting) 
108.98 Sn 300P 2839 .99 —, Mn, 20, Cr 25, W 9 
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thus control the temperature at which evaporation of 
the solution in the graphite electrodes is to occur. 


Solutions are measured into the cavity of the electrode ° 


with a 0.25-milliliter hypodermic syringe, a technique 
which is much preferred over use of a medicine dropper. 

Additional experiments can be performed when a 
microdensitometer is available to measure the blackness 
of spectrum lines. Some years ago a microdensitom- 
eter was built at a modest cost and served very well 
for instructional purposes, giving reasonably satisfac- 
tory results before a Knorr-Albers recording densitom- 
eter (Leeds and Northrup) became available. Figure 
4 is a schematic drawing showing the different parts and 
dimensions. The light source is a 100-watt projection 
lantern bulb whose position can be adjusted in order to 
bring an image of the filament into focus on the spec- 
trum plate, P, by means of Zi, an f/3.5 lens of two-inch 
focal length. An Aklo glass filter, F’, is desirable to filter 
out much of the heat radiation. 

The image of the spectrum line, after reflection by 
the mirror at M, is focused onto a slit in a white back- 
ground. An f/3.5 lens with a three-inch focal length 
is used for this purpose. The over-all distance from the 
plate to mirror M to slit (at C) is about 39 inches, 
resulting in an elevenfold magnification of the spectrum 
line. Behind the slit, which can be rotated, is placed a 
barrier layer photocell, (, connected directly to a 
sensitive mirror-type galvanometer. The section con- 


fe) 10 20 30 
centimeters 


Figure 4. Outline of Microdensitometer 


Figure 5. Stepped and Variable Aperture Sector 
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taining the photocell is well ventilated and insulated 
against the heat from the projection bulb. 

The plate holder, P, consists of two slides resting on 
each other as shown schematically in Figure 4. The 
lower slide can be moved sidewise a short distance for 
slow-motion travel, can be moved forward or backward 
in the upper slide, or can be held in place by means 
of spring clips. The entire upper slide can be moved 
sidewise to bring different sections of the plate into the 
beam of light. 


EXPERIMENTS REQUIRING MICRODENSITOMETER 


The optical density of a spectrum line on a photo- 
graphic plate is given by the negative logarithm of the 
fraction of light transmitted and can be measured with 
a microdensitometer. In order to translate such a da- 
tum into the intensity (brightness) of the source, an 
emulsion calibration curve must be prepared. It can 
be obtained by various methods which are fully de- 
scribed in various sources.*-* The students are intro- 
duced to that method in which a stepped-sector wheel 
is used. When a two-fold sector wheel with five steps 
as shown in Figure 5a is rotated at high speed before 
the spectrograph slit while a spectrum is photographed, 
the resulting exposure will show adjacent regions of dif- 
ferent degrees of optical density which can be corre- 
lated with a corresponding light intensity. The assump- 
tion is made that light intensity is proportional to time 
exposure, which is true if the 
reciprocity law for photo- 
graphic emulsions is valid. 

A quantitative spectro- 
chemical determination of 
an element in an unknown 
sample requires a knowl- 
edge of the relation between 
its concentration and the in- 
tensity of one of its spectrum 
lines. Preferably the inten- 
sity is measured relative to 
the intensity of an internal 
standard spectrum _ line. 
To set up such a “working 
curve”’ a series of analyzed 
or synthetically prepared 
standards of similar com- 
position are subjected to the 
same spectrochemical tech- 
nique as is the unknown. 
The students use the set of 
standard solutions prepared 
for an earlier experiment but 
now evaporate a small vol- 


HARRISON, Lorp, AND Loor- 
BOUROW, op. cit. 

7 NACHTRIEB, op. cit. 

8 SAWYER, op. cit. 
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ume to obtain dry samples. First a study is made to 
determine the time sequence in which the different 
elements of the mixture appear in the arc since the vola- 
tility of compounds containing different elements may 
vary. The plate holder is moved slowly and continu- 
ously during the time the spectrum is photographed 
which is usually at least 120 seconds. In this manner 
the optimum time of arcing, also called burn-off time, 
is determined. 

The next step is to select an analysis and an internal 
standard line. To accomplish this a second plate is ex- 
posed to determine the exposure time which will render 
lines with a transmittancy that can be conveniently 
measured with the densitometer. The standards with 
1.0 per cent and 0.003 per cent of the analyte are used 
and a known weight of each is arced for the proper time 
to obtain complete burn-off. The exposures are made 
through a rotating stepped-sector wheel which has 
about five steps as is shown in Figure 5a. This usually 
gives enough variation in exposure time to determine 
the fraction of the burning time which will give the de- 
sired density of the lines. It is also possible to observe 
which spectrum lines show the desired change in optical 
density for the change in concentration selected by the 
use of the two standards. When the next plate is to 
be exposed, using the entire set of standards from 0.003 
to 1.0 per cent, a variable aperture sector wheel as 
shown in Figure 5a is used to obtain the desired expo- 
sure time. The lines are measured on this plate and the 
relative intensity of the analysis and the internal 
standard line are found from the optical densities by 
means of the emulsion calibration curve. <A. typical 
result is shown in Figure 6 for aluminum in the presence 
of a copper matrix. 

If a series of analyzed standards are not readily avail- 
able some method of semiquantitative analysis can be 
used. As an optional experiment the students fre- 
quently select the ‘‘standard addition’? method. For 
example, one student determined nickel in a National 
Bureau of Standards sample of: cast iron, No. 6e. 
Thirty milligrams of iron chips were weighed into each 
of three graphite electrodes, and the nickel content of 
two was increased by adding known amounts (0.08 and 
0.16 mg.) of nickel chloride solution. The three sam- 
ples were arced and the exposure was controlled with a 
rotating two-fold stepped sector which also made it pos- 
sible to obtain the ‘data for drawing an emulsion cali- 
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bration curve. The measured optical densities of the 
3050.8 nickel line and an iron line, which was used as 
an internal standard, were converted to intensities. 
The intensity of the background was subtracted from 
the intensity of the measured line as a correction. The 
data are tabulated in Table 2, giving in the last column 
the ratio of the intensities which were plotted against 
the weight of nickel on logarithmic graph paper. In 
order to obtain a straight-line plot, the value of X was 
found to be 0.02 milligram. A curved line was ob- 
tained when other values of X were selected. This 
result of 0.067 per cent agrees well with 0.062 per cent 
nickel given for the standard sample. 


Working Curve 
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Figure 6. Per Cent Aluminum in Copper 
SPECIAL EXPERIMENTS 


One of the requirements in the course is that the stu- 
dents design and plan the details of a special experiment 
in the final two weeks. Throughout the semester sug- 
gestions have been given for such special experiments 
although some students come up with original ideas. 
A. few examples can be briefly mentioned. 

Emulsion calibration curves can be determined” by 
methods other than the use of a stepped sector. Exam- 
ples are the ‘two line,” the “selected line,” and the “in- 
verse square law” methods. In the first of these, two 
spectrum lines are selected which have an intensity ra- 
tio between 1.5 and 2.5, and these are given a series of 
different exposure times. Data then can be obtained 


TABLE 2 
Standard Addition Method for Nickel in Cast Iron 
Per cent Background Intensity Intensity Corrected 

Milligrams transmittance transmittance of line of background intensity Intensity 
Ni in sample Ni Fe Ni Fe Ni ; e Ni Fe Ni Fe ratio 

x 40 31 80 68 20.2 31 3.0 6.0 17.2 25 0.69 

X + 0.08 14.8 26.5 76 64 87 40 3.8 7.2 83 33 2.52 
X + 0.16 11.3 30 80 69 112 33 3.0 5.8 109 27 4.04 


X = 0.02 mg. from plot. 
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to prepare first a preliminary curve and from that an 
emulsion calibration curve whose slope will obviously be 
different from that obtained with a two-fold stepped 
sector. 

It is possible to suppress the objectionable back- 
ground of cyanogen bands which interfere strongly 
around 3900 A. by arcing the sample in an inert atmos- 
phere. If helium is not available, carbon dioxide or 
oxygen can be used with less satisfactory results. The 


ends of the electrodes are enclosed in a fused quartz 
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container through which the gas is passed at a slow rate, 
It is also feasible to make the enclosure from Pyrex glass 


‘and seal a quartz window to one end with fused silver 


chloride as a cement. 

Occasionally students have determined the distribv- 
tion curve for the energy for one or more spectrum lines 
in the first, second, and third order spectrum, since the 
rulings on the grating of our spectrograph are blazed so 
that there is a preferential angle at which a maximum 
amount of radiant energy is refracted. 


ELECTRONICS INSTRUCTION IN THE 
INSTRUMENTAL ANALYSIS COURSE’ 


Tue need for electronics instruction in the instru- 
mental analysis course is a controversial issue, and one 
for which widely differing opinions have been ex- 
pressed. In the writer’s opinion even in introductory 
work some electronics instruction is a must, for teach- 
ing a “push-button” course in instrumental analysis is 
neither sound nor proper pedagogy. One should recog- 
nize, realistically, that most of the instruments a stu- 
dent encounters involve electronics in their construction 
and operation. Certainly to profit most from his 
training, this same student should be given some in- 
troduction to basic electronics and experience in the 
use of electronic techniques. The extent to which he 
will be able to solve his future problems by and recog- 
nize the advantages and limitations of a particular in- 
strumental method will be governed in no small way by 
this knowledge that he gains. 

There is no implication here that the instructor must 
present an exhaustive laboratory course in experi- 
mental electronics; such an approach is neither desir- 
able nor feasible. On the other hand, an effective com- 
promise can be made without distorting the normal in- 
strumental analysis course, and without surrendering 
any of the convictions an instructor may have concern- 
ing the presentation of the fundamentals of instrumental 
analysis. 

At the University of Pittsburgh the introductory 
course in instrumental analysis carries two credits for 
each of two semesters and consists of one lecture and 


1 Presented as part of the Symposium on Problems in the 
Teaching of Instrumental Analysis before the Division of Chemi- 
cal Education at the 128th Meeting of the American Chemical 
Society, Minneapolis, September, 1955. 


H. W. SAFFORD 
University of Pittsburgh, Pittsburgh, Pennsylvania 


one three-hour laboratory period per week. It is es- 
sentially a course at the senior-graduate level, and prior 
training in organic chemistry, quantitative analysis, 
and physical chemistry is normally prerequisite. The 
topics covered include photoelectric photometry, visible 
and ultraviolet absorption spectroscopy, conductome- 
try, potentiometry, polarography, coulometry, polar- 
ized light microscopy, and refractometry. Except for 
the last two topics, in all of our introductory work the 
study of specific commercial instruments is held to a 
minimum; rather there is stressed, both in the class- 
room and in the laboratory, the fundamental principles 
underlying the operation of various classes of instru- 
ments, the actual construction and study of general in- 
strument types wherever possible, treatment and in- 
terpretation of data, and an evaluation of the advan- 
tages and limitations of each instrumental method con- 
sidered. 

Early in the first semester a three-way approach is 
made toward interweaving electronics instruction with 
the classical topics under discussion. This approach 
involves (1) extensive use of lecture demonstrations; 
(2) group experiments, demonstrations, and discussions 
at the beginning of certain laboratory periods; and 
(3) actual construction and testing of basic instru- 
ments by the student. 


LECTURE DEMONSTRATIONS 


If the instructor first dissects relatively simple cir- 
cuits into their component parts and treats each of 
these separately, later integration and study of the 
whole becomes a relatively easy task. In the four lec- 
tures we devote to basic electronics, the selection of in- 


OLUME 


dividual 
is influe 
and utili 
mercial 
way, sch 
structio1 
devices | 
and a le 
The e 
need in 1 
lated po 
be const 
total cos 
tofitas 
tial, anc 
these su 
condensi 
the insti 
stration 
circuits. 
Much 
instruct: 
perform 
tory exp 
of Radi 
vanced 
perimen 
referenc 
and bas 
For a 
and pan 
with ve 
switches 
for easy 
circuit ¢ 
kit-type 
rent out 
tion mi 
demons‘ 
out in t 
meter si 
low the 
The | 
with a 
suggesti 
emissiol 
discussi 
bols an 
His intr 
gins wit 
itions of 


Heat! 
Instrume 
York; A 
Chicago § 

Cent 

Mar 
Ine., Nev 

Prentice- 


| 
| 
| 
| 
am 
i 
i 
7 
i 
i 
Ser 


SATION ByOLUME 33, NO. 9, SEPTEMBER, 1956 


rate, 
eX glass 
1 silver 


dividual components and elementary circuits for study 
is influenced greatly by the frequency of appearance 
and utilization of these units in a large number of com- 
mercial analytical instruments. At each step of the 
way, schematic diagrams are drawn to illustrate the con- 
struction and circuitry of each component, the actual 
devices in cut-away form are handled by the student, 
and a lecture demonstration is performed. 

The equipment required for lecture demonstrations 
need in no way be costly. A 5-inch oscilloscope, a regu- 
lated power supply, and a vacuum-tube voltmeter can 
be constructed from commercially available kits at a 
total cost of approximately $100.2. A projection meter 
to fit a standard slide-projection lantern is almost essen- 
tial, and is available at a reasonable price.* Add to 
these such miscellaneous items as batteries, resistors, 


istribu- 
m lines 
nee the 
ximum 


the instructor has equipment at his disposal for demon- 
stration of a wide variety of fundamental electronic 
circuits. 

Much can be left to the wishes and ingenuity of the 
instructor as to the actual lecture demonstrations to be 
performed. Many helpful suggestions and introduc- 


_ tory experiments are to be found in the book “‘ Elements 
of Radio”* by Marcus and Marcus. For more ad- 
’ vanced work the instructor will wish to consult “Ex- 
1S Bperimental Electronics’® by Muller, e¢ al., and other 
| prior B references dealing with the principles of electron tubes 
alysis, f and basic electronics. 
_ The For all of our lecture demonstrations, a baseboard 
‘isible and panel combination has been constructed and fitted 
tome- Fwith various tube. sockets, variable resistors, toggle 
polar- switches, and the like. Fahnestock clips are provided 
ot for Bior easy connection so that any simple demonstration 
k the Brircuit can be arranged. Voltages are measured with a 
to a Bkit-type vacuum-tube voltmeter, while the plate cur- 
class- rent output of any tube under study is fed to a projec- 
‘iples Ftion meter. All manipulative operations during a 
stru- demonstration are described to the students and carried 
al i- Bout in their full view, while the enlarged image of the 
d in- § meter scale projected on a screen permits them to fol- 
lvan- Flow the exact course of each exercise. 
con- § The lectures on elementary electronics are prefaced 
_ |with a brief review of the “Edison effect” and early 
ch IS Bsuggestions and explanations concerning thermionic 
with f emission. Beginning at this point, and throughout all 
oach fi discussions, the student is introduced to electronic sym- 
10S; Bbols and nomenclature in a logical, stepwise fashion. 
s10nS His introduction to two-electrode tubes, or diodes, be- 
and fizins with an examination of the schematic representa- 
stru- tions of various types. Tubes with the envelopes cut 
*Heath Company, Benton Harbor, Michigan; Electronic 
Instrument Company, 84 Withers Street, Brooklyn 11, New 
f York; Allied Radio Corporation, 100 N. Western Avenue, 
cu- § Chicago 80, Illinois. 
h of * Central Scientific Company, Chicago 13, Illinois. 
the §_ ‘ Marcus anp Marcus, “Elements of Radio,’’ Prentice-Hall, 
Ine., New York, 1953. 
GARMAN, AND Droz, “Experimental Electronics,”’ 
f in- Prentice-Hall, Inc., New York, 1943. 


condensers, tubes, tube sockets, and hook-up wire, and: 
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Figure 1. Neon-lamp Sawtooth Oscillator 


away are provided, for lengthy verbal descriptions are a 
poor substitute for his actually seeing various anode and 
eathode constructions and interelectrode distances. 
With the aid of the projection meter we demonstrate the 
unilateral conductivity of a diode and investigate cer- 
tain diode characteristics. It seems to be much more 
satisfying to the student to have data, for example, for 
a plate current-plate voltage curve actually obtained in 
his presence. Discussions of space charge, saturation 
current, and cathode emission hold his attention and in- 
terest much more firmly than when similar data are 
merely taken from the literature. 

A brief review of the differences and similarities be- 
tween alternating and direct currents and voltages has 
not been found to be a waste of time. For example, 
not many students know exactly what voltage it is in an 
alternating cycle that a conventional voltmeter is in- 
dicating—nor that these ‘‘root-mean-square” voltages 
are approximately 0.7 less than the peak voltage avail- 
able in a cycle. Since in the analysis of simple circuits 
it is often desirable to show the students an actual pic- 
ture of the cyclic variations or waveforms of voltage and 
current at various points, we introduce them very early 
to a cathode-ray oscilloscope. 

The instrument can be presented very simply as 
comprising a cathode-ray tube, amplifiers, and a power 
supply. Upon being shown the schematic diagram of a 
cathode-ray tube, the student sees the same principles 
involved as those underlying the simple diode. The 
exact arrangement of the electrodes and the deflecting 
plates between which the electron beam passes before 
impinging on the fluorescent screen are observed by him 
in a cut-away tube. By applying various d.-c. and 
a.-c. voltages to the deflecting plates, many waveforms 
are shown and described so that the student will come 
to look upon the oscilloscope as a useful electrical curve- 
plotting system. 

We try to make no mystery of the nature of the saw- 
tooth voltage which is applied to the horizontal plates 
to bring about the left-to-right linear sweep of the elec- 
tron beam. To demonstrate a simple saw-tooth oscil- 
lator one needs only a d.-c. source of somewhat over 
60 volts, a radio-type variable resistor, a condenser, and 
an ordinary 110-volt neon lamp (Figure 1). When the 
condenser has been charged to approximately 60 volts, 
the neon lamp “fires” or glows, and then goes dark un- 
til the condenser is charged once again and the cycle is 
repeated. By varying resistor R and selecting different 


r 
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values for capacitor C one can illustrate a wide range of 
saw-tooth or sweep frequencies. Further, if one con- 
nects the output of this circuit to the vertical plates of 
an oscilloscope, the student is able to see the waveform 
of the saw-tooth voltage. 


(B) 


VOL. OXIDANT ——> 


INDICATOR 
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REFERENCE 
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Figure 2. Sch tic Diag 


of Simple Titrimeter 


The use of a diode in converting alternating into di- 
rect current is considered next. Since most electronic 
equipment requires for proper operation voltages much 
greater than the available line voltage, we indicate that 
diode rectifiers are usually operated in conjunction with 
step-up or power transformers. The different circuit 
arrangements and diode types necessary to produce 
half-wave and full-wave rectification are outlined. 

The next components studied are those that may be 
used in improving the character of the pulsating direct 
current produced by the diode rectifier, that is, in 
smoothing out the pulses and in stabilizing the output 
against input voltage fluctuations. First, cold cathode 
diodes or gaseous, voltage regulator tubes receive brief 
treatment. The student learns from actual observa- 
tion why the output voltages of these tubes remain sen- 
sibly constant even though input voltages vary over 
wide limits. As in all other cases, the waveforms of the 
voltages and currents before and after regulation are dis- 
played on an oscilloscope screen. 

Since for proper vacuum-tube operation still smooth- 
er direct current is required, the functioning of a con- 
denser or capacitor and its role in reducing the ripples 
of current from a rectifier are now considered. After 
cut-away condensers of several types are examined for 
their construction and composition, the charging and 
discharging of a capacitor is demonstrated with the aid 
of the projection meter mentioned earlier. The ap- 
plication of this* charging-discharging process is then 
illustrated in a simple filter circuit. 

The student, consciously or otherwise, thus far has 
been considering components and circuits that may be 
integrated into a simple power supply. One more item 
remains to be added: to furnish various voltages to the 
different parts of a circuit, some means has to be de- 
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vised to tap off any desired voltage up to the maximum 
available from the power supply. We indicate that 


‘this can be accomplished easily by connecting resis- 


tors in series across the output terminals of the power 
supply. Further, the equivalence to a d.-c. battery of 
each resistor in such a voltage-divider system is em- 
phasized by considering the polarity characteristics 
of the resistor and the voltage drop occurring across it. 

We are now ready to consider the triode, a three- 
electrode tube, and the effect that its grid has on the 
electron stream moving toward the anode or plate. 
The standard circuit for investigating triode character- 
istics is used here to determine the amplification factor 
of a typical triode. This is the ratio of the increase in 
plate voltage to the decrease in grid voltage required to 
produce the same increase in plate current. 

This leads us to consider the possibility of using a 
triode in assembling a simple titrimeter (Figure 2). We 
point out that if one were to titrate a strongly oxidiza- 
ble species, M+, with some standard oxidant, at the on- 
set of the titration the indicator electrode, perhaps 
platinum, should be quite negative, making the grid of 
the tube correspondingly negative. Under these con- 
ditions the current through the tube will be small and 
meter M will give a low reading. At the end point the 
indicator electrode will suddenly become less negative 
and the current will increase sharply through the tube, 
causing a corresponding increase in meter reading. 
From a plot of meter readings against volume-of-ti- 
trant, one would hope to get the familiar curve shown 
at (B). 

Here, however, the student is urged to exercise cau- 
tion in his thinking, for if the indicator electrode which 
is hooked directly to the grid becomes too positive, the 
grid may burn out. Further, the same thing might 
happen at the start of a titration if the reference elec- 
trode were inadvertently hooked to the grid. The 
warning to keep the grid negative at all times and the 
various ways in which this may be accomplished are 
given full discussion. 

Before finally assembling the devices studied into a 
workable analytical instrument, we outline briefly the 
use of an electron-ray or so-called “magic-eye” tube as 
a null instrument to replace the plate current meters 
previously discussed. (Since this device finds wide- 
spread use in many instruments, a brief review of its 
functioning may be in order here.) As illustrated in 
Figure 3, the student learns that an electron-ray tube is 
a combination of a conventional triode and a simple 
cathode-ray tube, both built inside the same glass en- 
velope. In the upper section, the anode or target is a 
funnel-shaped piece of metal coated on its inside sur- 
face with a fluorescent compound. With a positive 
potential on this conical target, electrons from the 
cathode strike it and cause it to fluoresce all over with a 
green color; we say that the “eye” is closed, a condition 
represented at (C). 

Examination of (B) shows that between the cathode 
and target on one side only, a grid or “‘ ray-control elec- 
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trode” consisting of a thin vertical piece of metal is 
mounted. If this grid has the same potential as the 
fuorescing target, it will have little influence on elec- 
trons going from cathode to target. If, however, it 
becomes negative with respect to the target, it will repel 
electrons which leave the cathode on that side. Since 
that portion of the target behind the ray-control elec- 
trode is shielded from electrons, it does not glow, and in 
effect the electrode casts a shadow on the fluorescing 
target; this is the open “‘eye”’ condition shown at (D). 
Thus the device can be used as a voltage indicator. 


GROUP DEMONSTRATIONS IN THE LABORATORY 


This second step in supplemental training is in no 
way intended as a substitute for individual laboratory 
work. One example will serve to illustrate this ap- 
proach in bridging the gap between lectures and labora- 
tory work. In the lecture discussions on absorption 
spectroscopy there are considered the theories of ra- 
diant energy absorption, the Beer-Bouguer law, nomen- 
clature, treatment of data, errors, basic elements of 
instrument construction including radiant energy 
sources, dispersing elements, photometric measuring 
systems, etc. 

With the aid of lantern slides, schematic diagrams 
showing the optical and electrical construction of all the 
instruments to be used are presented and discussed at 
the beginning of the first laboratory period. Then, as 
a group, the students inspect each instrument and be- 
come acquainted with the physical counterparts of the 
components they have seen in the diagrams. The 
cases Of many instruments are deliberately removed so 
that the student may actually see the individual com- 
ponents and have at least the essential features of the 
circuitry pointed out to him. Thus he will be able 
better to understand later what is happening when the 
operating directions specify that the knob labeled “‘D” 
be turned. 

It may be argued by some that “‘a little knowledge of 
electronics is a dangerous thing” and that unless an 
exhaustive treatment of all details of the circuitry of an 
instrument is made the student would be far better off 
and less confused not to be exposed at all to a somewhat 
superficial treatment. Student response and perform- 
ance seem to warrant the procedure suggested here. 
Of course, some discretion must be used, but the alert 
instructor, without getting the students or himself in- 
volved too deeply, can do much to remove many of the 
unnecessary mysteries surrounding “pushing button 
No. 2 in the lower left-hand corner of the little black 
box.” 

For this and other group demonstrations the time re- 
quired is no more than an hour and a half, so that con- 
siderable laboratory time remains in each of the periods 
for individual experimentation. The disadvantage of 


working in larger groups for these brief sessions seems 
greatly outweighed by the opportunity of considering 
borderline topics and expanding lecture presentation 
of material that might otherwise have to be omitted. 


CONSTRUCTION AND TESTING OF BASIC 
INSTRUMENTS 


The most successful aspect of the three-way approach 
under discussion is undoubtedly practiced by most in- 
strumental analysis instructors. This involves the 
actual construction and testing of basic instruments by 
the student in the laboratory. No condemnation of 
commercial instruments is intended. Indeed, they 
must be used in certain instances where student-con- 
structed instruments would be neither desirable nor 
practical. However, the student who actually as- 
sembles and studies an instrument is much better 
equipped to cope later with the many different com- 
mercial forms of the same instrument. 

In our course, while the lectures on introductory elec- 
tronics are beginning the students are kept busy in the 
laboratory performing classical experiments in potenti- 
ometry. Using individual items of apparatus rather 
than an enclosed commercial potentiometer, they gain 
review practice in following a wiring diagram while as- 
sembling the familiar Poggendorff compensation cir- 
cuit. Next to be constructed is a potentiometer-volt- 
meter in which a standard cell is not required and the 
use of precisely calibrated slidewires is avoided. To 
shorten the time required for the assembly of this ap- 
paratus, the radio potentiometers, battery circuit 
switch, and tapping key are previously mounted on a 
baseboard and panel by the instructor. The students 
complete the assembly and wire the apparatus according 
to standard schematic diagram. Typical precipitation 
and redox titrations are then carried out to check the 
operation of the instruments. 


FLUORESCENT 
tarcert (T) 
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(B) 


RAY-CONTROL 
evectrooe (Go) 


“EYE” CLOSED “EYE” OPEN 


Figure 3. Electron-ray Tube Construction 


In the meantime, the lecture-study of fundamental 
electronic components and their incorporation into 
basic vacuum-tube measuring circuits is nearing com- 
pletion and the student is ready for the laboratory con- 
struction of an electron-ray tube titrimeter (Figure 4). 
Under other circumstances he would be confronted with 
a difficult assembly job and would have to follow what 
would seem to him a confusing and perhaps incompre- 
hensible schematic diagram. Such a procedure would 
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former, the toggle switch, and the poten- 
tiometer “‘eye” control are mounted on 
the baseboard and panel and are fitted 
with Fahnestock clips. Necessary wires, 
condensers, and fixed resistors are laid out 
ready for use. 

Pairs of students, following the sche- 
matic diagram of Figure 4, wire the titri- 
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Figure 4. Electron-ray Tube Titrimeter 


have no pedagogical value and would better be avoided 
entirely. Instead, however, he finds an integrated, 
useful assembly of elements that are now familiar to 
him. The utility of the diodes, triodes, capacitors, 
voltage dividers, etc., that he has been studying now 
assume a real meaning. 

Our selection of an electron-ray tube titrimeter for 
construction in student hands is not accidental. The 
rectifying, amplifying, and measuring circuit-segments 
involved are those to be found in many other instru- 
ments used in analysis. The titrimeter circuit involved 
here comprises a direct-coupled d.-c. amplifier in which 
an electron-ray tube is employed to indicate potential 
changes at the indicating electrode of the titration cell. 
No attempt has been made to design a circuit that 
would have all of the desirable features to be found in 
many commercial instruments. Rather, we eliminated 
complicating refinements and aimed at producing a 
circuit that was elementary from the electronic stand- 
point, yet would familiarize the student with the use of 
vacuum tubes in electrometric titrations and other 
operations. 

Just as for the potentiometer-voltmeter apparatus, 
and in the interests of time economy, some assembling is 
done by the instructor before the students come to the 
laboratory. The four tube sockets, the filament trans- 
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Figure 5. Coupling Circuit 


meter to produce a completed setup. 
Even with the simplification in circuit 
design just mentioned, the titrimeter per- 
forms admirably when used as a continu- 
ous-reading instrument with the ordinary 
low-resistance electrodes employed in re- 
dox and precipitation titrations. It has 
a further distinct advantage in its use 
as a null-point indicator. When coupled 
to a conventional potentiometer, the 
titrimeter with its electron-ray tube re- 
places the usual galvanometer and allows 
one to make exceedingly rapid e. m. f. 
measurements for graphical interpretation. 

The simple coupling circuit is shown in Figure 5. 
The regular tapping key of the potentiometer is by- 
passed or shorted out and a single-pole, double-throw 
microswitch is used in its place. With the electron- 
ray tube or “‘eye” adjusted to an almost closed position, 
it is safe to make the initial balance of the potentiom- 
eter simply by holding down the microswitch tapping 
key and adjusting the slidewire until approximate bal- 
ance is indicated. This procedure would of course, be 
unthinkable when using a galvanometer as the null in- 
strument. Final balance is indicated by minimum, or 
no, blinking of the eye when the microswitch is depres- 
sed and released. Tests of the titrimeter both in its 
direct-reading and in its potentiometer-coupled form 
are made by carrying out conventional titrations. 

Although in the laboratory the field of electrometric 
titrations has seemed especially suitable for an experi- 
mental examination of the ideas expressed herein, we 
try wherever possible to have the student see the simi- 
larities in the circuitry and operation of what appear to 
be unrelated instruments. Thus, before undertaking 
his rather fundamental studies with a Beckman DU 
spectrophotometer, we have him assemble a one-tube 
amplifier (actually a slide-back vacuum-tube volt- 
meter) as a photometric measuring circuit for the out- 
put of the vacuum phototube of a diffraction-grating 
spectrophotometer. During its construction he finds 
himself encountering the same simple components, ar- 
ranged in essentially the same way as he by now is ac- 
customed to finding them. Further, his feeling of con- 
fidence and understanding seems to receive impetus 
when he finds that he is able to make perfectly accepta- 
ble and useful measurements with a very simple cir- 
cuit. Somewhat of an anticlimax are his experiences in 
assembling and wiring the circuits and apparatus he 
uses for his work in polarography, coulometry, and so 011. 
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We know that in the instructional time at our dis- 
posil we are not doing the most effective job possible, 
but much has been learned to point the way toward 
further improvement. We are not attempting to turn 
out electronics experts, but we do believe our students 
are gaining a better knowledge of the fundamentals of 
instrumental] analysis than would be the case if we 
dodged the electronics issue completely. 
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SURVEY OF METHODS FOR ROUTINE 


ANALYSIS OF INORGANIC CHEMICALS IN 
INDUSTRIAL LABORATORIES 


Derine recent years there has been an increasing 
emphasis on instrumental methods of chemical analy- 
sis. This survey was made to get information on the 
extent to which instrumentation is used in routine 
chemical analysis in industrial laboratories. 

Questionnaires were sent to several industrial labora- 
tories concerned with the analysis of inorganic chemi- 
cals. The request was for information on (1) total 
number of analyses per month and (2) per cent of 
analyses made by.the techniques listed: 


PAUL K. GLASOE 
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(4) Nephelometric and fluorometric. 

(5) Spectrographic: emission, absorption. 
(6) Polarographic. 

(7) Other methods. 


Thirteen replies were received representing analyses 
from some 40 laboratories. A summary of the results 
is given in Table 1. The table shows the total number 
of anaiyses per month and the per cent of the total 
number of analyses in the five categories: gravimetric, 
titrimetric, colorimetric, spectrographic, and “other 


methods.”” Nephelometric, fluorometric, and polaro- 
(1) Gravimetric. graphic methods were not reported with great enough 
(2) Titrimetric: visual indicator, potentiometric, frequency to be listed as separate techniques. Under 
amperometric, “dead-stop.” “other methods’”’ are included such methods as X-ray 
(3) Colorimetric: visual colorimeter, Nessler tubes, analyses, polarographic analyses, pH, specific gravity of 
photoelectric colorimeter, spectrophotometer. solutions, and gas absorption. 
TABLE 1 
Relative Use of Methods in Routine Inorganic Analyses 
Analyses per Gravi- Titri- Colori- Spectro- 
Laboratory month metric, % metric, % metric, % graphic, % Other, % 
1 600 4 32 46 2 16 
2 16,000 15 71 7 7 es 
3 36,000 12 68 10 ond 10 
4 900 ) 1 86 
5 No figure given 5 64. : co 
6 ‘ 15,000. 1 47 40 12 io 
rf 7,000 1} 22 27 20 18 
8 12,000 29 57 14 ae sa 
9 857 20 31 14 15 20 
10 864 ,000¢ 0.4 0.4 0.3 98.9 nine 
ll 15,000 10 75 15 
12 740 9.5 15.5 9 6 
13 3,000 6.5 - 23.5 62.5 5.5 2 
AVERAGE, % 9.5 45.7 25.0 13° 6.8 


* The very large number of analyses reported by laboratory number 10 actually covers analyses in 27 works laboratories and are 
almost all metal analyses made on direct-reading spectrometers of the ‘““Quantometer’’ type. 
> It should be noted that this figure is greatly influenced by the figure for laboratory 10. 
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In Table 2 the titration analyses are subdivided into 
(1) analyses using a visual indicator end point and (2) 
analyses using an instrumental indicator end point. 
The instrumental analyses are further subdivided into 
potentiometric and ‘“dead-stop” analyses. Ampero- 
metric end points were not reported enough to be 
significant in the total. 

In Table 3 the colorimetric analyses are divided into 
visual and instrumental. The instrumental methods 
are further subdivided into two groups (1) colorimeter 
and (2) spectrophotometer. The spectrophotometer 
methods are divided into (a) visible range, (b) ultra- 
violet, and (c) infrared. 

No subdivision of spectrographic analyses was made 
since almost all of those reporting use of this method 
used the emission spectrum of a heated solid. 

The large number of analyses performed on a routine 
basis in many of these laboratories was something 
of a revelation to the author. Perhaps other ‘‘aca- 
demic’ chemists whose familiarity with industrial chemi- 
cal operations is as limited as the author’s will also be 
interested in these figures. 

This survey shows that although a very considerable 
amount of instrumentation is used in routine analyses, 
the classical methods of visual end points in titrations 
and visual colorimetric comparison, as well as gravi- 
metric analyses, are far from obsolete. Of all the 
methods, visual titration is most frequently used. 
Although the per cent of gravimetric analyses is not 
large it should be noted that in some laboratories the 
number of gravimetric analyses is 3000-4000 per 
month. 

Instrumentation has been more generally adopted in 
colorimetry than in titrimetry. The advantages of 
photoelectric comparison and the excellent instruments 
available are responsible for this. The very large 
number of analyses made on a routine basis by labora- 
tory number 10 would be virtually impossible with wet 
chemical methods. The use of direct reading spectrom- 
eters is a good illustration of what can be done in the 
automation of chemical analyses. 
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The fact that some methods of analysis, such as 


_ polarography, nephelometry, etc., are not used with the 


frequency of other methods does not mean that they 
are unimportant. Such methods may have very valu- 
able applications in more limited areas. 

The literature of analytical chemistry of the last 20 
years is dominated by methods which use some sort of 
instrumentation. In view of this it might seem that the 
training of an analytical chemist should deal largely 
with instrumental methods. This survey shows that 
the older, classical methods of gravimetric and volu- 
metric analysis are still used very extensively in rou- 
tine industrial analyses and are very properly a part of 
a course in quantitative analysis. However, the survey 
also shows that instrumental methods are so widely 
used that the training of an analytical chemist would 
not be adequate if it did not include some acquaintance 
with these methods. Perhaps the trend should be to- 
ward an increase in instrumental methods at the ex- 
pense of gravimetric procedures. It is certainly to 
be expected that the use of instrumental methods will 
continue to increase in the field of industrial analytical 
chemistry. 
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TABLE 3 
Relative Use of Colorimetric Analysis Methods 


TABLE 2 
Relative Use of Titrimetric Analysis Methods _ Analyses using 
Analyses .—-instrumental comparison, %—-— 
Analyses Analyses using instrumental using 
using ———-indicator, %- visual __ electric 
visual Potentio- compari- color- —— hotometer—— 
Laboratory indicator, % metric Dead-stop Laboratory son, %  imeter Visible if Vs Infrared 
1 50 11 39 1 60 ee 3 34 3 
2 100 2 14 58 28 
3 98.5 1.5 get 3 20 70 10 Rew 
5 76.5 8 15.5 5 40 40 20 hie: 
6 85 4.5 10.5 6 3 100 ae 
7 91 9 te 7 . 56 22 22 
8 65 35 8 67 33 
9 90.5 3.1 6.4 9 : 68 16 16 sie 
10 80.5 19.5 Fat 10 9.5 67 23.5 ait 
11 86.5 13.5 11 1 99 
12 88 12 12 85 10 5 
13 93 1 6 13 90 1.8 3.1 0.9 4.2 
AVERAGE, % 85 5.4 9.6 AVERAGE, % 25.7 48.2 17.1 6.4 2.6 
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A NEW PERIODIC CHART, WITH 


ELECTRONEGATIVITIES' 


Tiere are many qualities of its atoms which may 
influence the physical and chemical properties of an 
element. It is possible, however, to choose only three 
which alone, when considered within the structure of a 
conventional periodic table, may serve quite satis- 
factorily as a basis for reasonable explanations of the 
nature and behavior of the elements. These are the 
relative atomic radius, the general type of electronic 
configuration, and the relative electronegativity. This 
paper describes a new chart which has been designed to 
portray clearly and vividly these three qualities. 

Each element is represented by a colored disc against 
a background of gray or black. The size of the disc 
indicates approximately the relative nonpolar covalent 
atomic radius. The background shade denotes the 
type of electronic configuration. The color of the 
disc represents the relative electronegativity. The 
arrangement of the elements is that of the conven- 
tional ‘short form” of the periodic table,- with vertical 
alignment according to valence, and no physical sepa- 
ration of the subgroups. Such separation is un- 
necessary because the electronic distinction between 
subgroups is clearly shown. 

A black background is provided for the inert ele- 
ments and those resembling the inert elements except 
for the outermost shell. A dark gray background 
denotes the ‘‘18-shell’’ elements, those having an outer- 
most shell of at least one and less than eight electrons 
over a shell of 18. A medium gray background indi- 
cates those elements with partially filled d and f 
orbitals, the transition and inner-transition metals. 
Copper, silver, and gold are represented as having 
both 18-shell and transition type features. 

The numerical electronegativity range is based on 
stability ratio values from 0.49 to 5.75.2. The quanti- 
tative relationship between stability ratios and Pauling 
electronegativity values has been reported.* The 
corresponding color range from low to high is from pale 
yellow through yellow, orange, red, and violet to bright 
blue. Limitations in the color sensitivity of human 
visual perception made it pointless to attempt to 
represent in this way differences smaller than about 
two-tenths of an SR unit. Consequently any per- 
ceptible color difference on the chart represents a truly 
significant electronegativity difference. Colors as- 
signed to transition elements are less certain but 


' Presented before the Division of Chemical Education at the 
128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 

> SANDERSON, R. T., J. Cem. Epuc., 29, 539 (1952). 

* Sanperson, J. Chem. Phys., 23, 2467 (1955). 
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probably approximately correct. A green color means 


no useful estimate has been made. 
ADDITIONAL FEATURES 


Electronically, or by valence, hydrogen belongs in 
both Groups I and VII. Its electronegativity, how- 
ever, corresponds to a chemistry intermediate between 
the two extremes. Hydrogen is therefore placed above 
the other elements and just to the left of carbon. 

The general locations of the rare earth metals, or 
‘lanthanides,’ and of the “actinides” are indicated 
without devoting space to all the individual members. 
However, the first and last lanthanides are repre- 
sented in order to demonstrate the “lanthanide” con- 
traction, with its corresponding increase in electro- 
negativity (and therefore diminished basicity). 

The method of estimating the electronegativity 
values of the reactive elements is that of comparing 
the average electronic densities of their atoms with 
those of the inert atoms.? Consequently the inert 
elements are represented by yellow discs to show that 
the average compactness of their atoms is very low 
and comparable to that of the reactive elements whose 
electronegativity is very low. There is no intention 
of implying that the inert elements can be assigned a sig- 
nificant electronegativity value. 

The ions of sodium and fluorine are included to dem- 
onstrate the extreme effects of electron gain or loss. 
Partial or complete loss of an electron produces shrink- 
age of the remaining electron cloud and a corresponding 
increase in electronegativity. Gain of negative charge 
has the opposite effects. . 


APPLICATIONS TO INSTRUCTION IN CHEMISTRY 


The relationship between electronic configuration and 
atomic radius is of course readily apparent. It may be 
pointed out that in general the addition of s and p 
electrons within a principal quantum level (simul- 
taneous with the addition of protons to the nucleus) 
over an inert type configuration results in diminishing 
atomic radius until the inert element is reached. The 
selection of reasonable atomic radii for the inert ele- 
ments must be somewhat arbitrary, but for reasons 
previously discussed? it is believed that the radius in- 
creases with the completion of the outer shell of two or 
eight. A further increase corresponds to the be- 
ginning of a new principal quantum shell. A similar 
but less extensive shrinkage occurs when s and p 
electrons are being added but the shell immediately 
underlying is one of 18. A similar but still less ex- 
tensive shrinkage seems to occur with the filling of d 
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orbitals, although the radius data here are much less 
certain. There may possibly be a slight increase when 
the d orbitals reach the half-full mark and again when 
the shell of 18 becomes complete. Finally, there is the 
lanthanide contraction—a smaller but still significant 
decrease in radius with the filling of the 4f orbitals. 
The relationships between atomic radius and elec- 
tronegativity are clearly visible throughout the chart. 
Perhaps the most vivid representation is that of the 
differences between the most reactive metals and the 
most reactive nonmetals. The former are displayed 
as large yellow discs which offer the greatest possible 
contrast with the small blue discs of the latter. It 
may be pointed out, however, that most of the ele- 
ments are intermediate in electronegativity, and that 
for these, atomic radius as well as electronegativity 
helps to determine the physical character of the element. 
Thus, boron, hydrogen, carbon, silicon, and phos- 
phorus have average or lower than average electro- 
negativities, but with their small atoms, exhibit some 
nonmetallic qualities. Gold, mercury, thallium, lead, 
and bismuth, with a very similar range of electro- 
negativities,* have larger atoms and are all metals. 
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The direction and extent of bond polarity in binary 
compounds is readily evident: the initially more elec- 
tronegative element always becomes more negative, 
and the greater the initial difference in electronegativity, 
the greater the bond polarity. In compounds of more 


4 Recent studies, as yet unpublished, have permitted a revision 
of earlier reported stability ratios of these elements to the follow- 
ing: Au 2.88, Hg 2.93, Tl 3.02, Pb 3.08, Bi 3.16. Values for the 
lighter elements remain: B 2.84, H 3.55, C 3.79, Si 2.62, P 3.34. 
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than two elements, the bond polarities are influenced 
by all the atoms present in a molecule. The principle 


of electronegativity equalization states that when 


atoms initially different in electronegativity combine, 
they change in electronegativity to an intermediate 
value. (This value is postulated to be the geometric 
mean of the electronegativities of all the atoms before 
combination.) Partial charges resulting from electro- 
negativity equalization can be estimated.’ It may be 
pointed out that bond polarity is not the only factor 
determining the ease of separation of a molecule into 
ions. Assuming equal polarity, ease of ionization is 
expected to be greater, the greater the internuclear 
distance (the lower the lattice energy) and the greater 
the solvation energy for the ions. Other factors may 
also have influence. Such generalizations as that of 
increasing basicity of oxides in descending a major 
group are therefore not necessarily in conflict with al- 
ternating electronegativities sometimes observed. 

Differences between the subgroups show so clearly 
on the chart that extension to the “long form”’ is un- 
necessary. For example, copper, silver, and gold 
are seen not only to be electronically very different 
from the alkali metals, but also to have much smaller, 
more compact atoms of much higher electronegativity. 
In a similar manner, zinc, cadmium, and mercury are 
seen to be quite distinct in several respects from bery!- 
lium, magnesium, and the alkaline earth metals, al- 
though there are interesting similarities in the chemis- 
try. Further, the arbitrariness of grouping (as in 
most “long form” charts) either gallium, indium, and 
thallium, or scandium, yttrium, lanthanum, and the 
rare earth metals under boron and aluminum is quite 
obvious. Students can see at once that neither of 
these subgroups closely resembles boron and aluminum 
electronically. It can be pointed out that in com- 
pounds with the active nonmetals, scandium, etc., 
appear better to continue the trend begun by boron 
and aluminum, as expected from the lower electro- 
negativities and larger radii. On the other hand, 
gallium, ete., bear a closer resemblance from the 
standpoint of kinds of valence orbitals, resulting at 
least in a more similar covalent chemistry. For 
example, organo-metallic compounds occur with boron, 
aluminum, gallium, indium, and thallium but not with 
scandium, yttrium, lanthanum, or the rare earth 
metals. Similar relationships are observable in subse- 
quent groups. 

Alternations in electronegativity within a “major” 
group, and especially an increase in the transition 
from 8-shell to 18-shell type element, are shown in ihe 
chart. These alternations are useful in explaining 
many chemical “anomalies” of the periodic table.‘ 


CONSTRUCTION AND AVAILABILITY 


The chart pictured is 30 X 36 inches in size. A con- 
venient scale of dise size then ranges from 5/j, inch 
diameter for the H atoms (0.37 A. radius) to 2!/, inch 


5 SANDERSON, J. Cuem. Epuc., 32, 140 (1955). 
6 Sanperson, J. Am. Chem. Soc., 74, 4792 (1952). 
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diameter for the Fr atom (about 2.3 A. radius). The 
author will gladly supply details of the color-electro- 
negiutivity code and size specifications to anyone wish- 
ing to construct such a chart. It has been found pos- 
sible to make quite satisfactory color slides (35 mm.) 
for projection on a screen for classroom use. (The 
State University of lowa Photo Service has agreed to 
provide such slides, each an original photograph, not a 
copy, taken from the original chart, at moderate cost.’ 
Two such slides are recommended to be alternated 
every few minutes of a prolonged showing, to minimize 
deterioration by heat and light.) 

7 Address orders to 8.U.I. Photo Service, State University of 


Iowa, Iowa City, Iowa, and enclose one dollar for each glass- 
mounted slide wanted. 
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For constant display, a useful chart can be assembled 
by preparing a set of discs in appropriate scale from 
plywood or pressed wood, and gluing the appropriate 
color of paper to each. These discs can then be hung 
or otherwise attached to a periodic wall chart. Pend- 
ing the construction of a more permanent wall chart, 
we have placed such a set of discs in appropriate posi- 
tions on a 15-foot periodic chart painted on the front 
wall of a general chemistry lecture room seating over 
400. With the scale such that hydrogen is not quite 
two inches in diameter, cesium is about 12 inches in 
diameter and the entire chart can readily be seen 
throughout the room. It makes an interesting and very 
colorful display and has been found very helpful in 
teaching the relationships among the elements. 


+++ 


o A DEVICE FOR DEMONSTRATING CONDUCTIVITY OF SOLUTIONS 


An APPARATUS has been developed that makes it pos- 
sible to demonstrate the conductivities of solutions with- 
out destroying, transferring, or contaminating them. 
The device can be stored with the solutions and is ready 
for instant use. 

A representative series of solutions is contained in 
large test tubes in a rack. Pairs of graphite electrodes 
wired in parallel are inserted in two-hole stoppers in 
these test tubes. One lead from each tube passes to a 
selector switch. Provision is also made for testing open 
containers of solution by including an uncovered pair of 
electrodes. 

Indication of conductivity is given by the brightness 
of a lamp at the top of the control box, as well as by a 
panel meter. Binding posts are provided for connec- 
tion to a projection meter. The device operates on a 
line voltage of 117 volts a. c. 

This equipment has proved to be superior to the com- 
mercially available porcelain-collar devices with pro- 
jecting wires because it obviates the necessity of pre- 
paring new solutions each year, eliminates shock 
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FRED B. EISEMAN, JR. 
John Burroughs School, St. Louis, Missouri 


hazard, and prevents contamination of samples. It 
appears to have the advantage over a device described 
by Abrahams, Blitzstein, and Luborsky! in that the 
conductivity of the solutions can be tested individually. 

A unique feature is the use of grid caps and clips for 
connection to the carbon electrodes, as can be seen in 
the figure. 


1 ABRAHAMS, H. J., W. BuitzsTeEIN, AND F. Lusorsky, School 
Science and Mathematics, XLIV, No. 8, 730 (Nov. 1944). 


M 
Schematic Diagram of Circuit 


Only two of ten standard test tubes are shown. 1, SPST power switch. 
2, SPST external-meter switch. 3, DPDT switch for connecting to unsealed 
electrodes; position A, unsealed electrodes; position B, 10 standard solu- 
tions. 4, 10 position and off, power tap switch for connecting to each of the 
ten standard cells. A, O0-l-amp. a.-c. panel meter. L, 16-watt, clear- 
envelope carbon-filament incandescent lamp. 
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2 NUCLEAR BATTERIES 


Tue successful conversion of atomic energy into heat 
energy on a large-scale basis was done in 1945. At 
once the question was raised whether it would be pos- 
sible to devise an apparatus to convert atomic energy 
directly to electrical energy. That conversion can now 
be done by several types of nuclear batteries.1 Even 
though such batteries produce only a very low current, 
there are many applications for which they can be used 
successfully. 

Nuclear batteries are composed of cells of the follow- 
ing types: (1) the 6-current type, (2) the contact po- 
tential-difference type, (3) the p-n junction type, (4) 
the thermojunction type, (5) the secondary-emission 
type, and (6) the photoelectric type. 

The B-current Type.2 This nuclear cell was first 
demonstrated by. Moseley* in 1913. The scheme of this 


Electron collector 


Wy 


+— Radioactive source 
emitting electrons 
(called particles) 


Insulator Load 


Figure 1. A §-Current Cell 


cell is shown Figure 1. 8 particles, emitted from the 
nuclei of atoms of radioactive substances, are collected 
on a plate (electrode) which then becomes negatively 
charged. These electrons move through the external 
circuit in the conventional manner. They can be 
made to do such things as flash a lamp, throw a switch, 
or send a signal. The voltage across the terminals rises 
to several thousand volts; further increase in voltage 


1 Linper, E. G., P. Rappaport, J. J. Larersk1, International 
Conference on the Peaceful Uses of Atomic Energy, A/Conf. 
8/P/169 U.S. A., June, 1955. 

2 CoLEMAN, JoHN H., Nucleonics, 11, No. 12, 42 (1953). 

3’ Mosg.ey, H. G. J., Proc. Roy. Soc. (London), A 88, 471 
(1913). 
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is limited by the leakage across the terminals due to the 
presence of ions in the air which have been produced by 
the fast-moving electrons. 

The first cells were prepared with an evacuated space 
between the emitter and the collector. Now this space 
is filled with a plastic such as polyethylene which allows 
the high-energy electrons to penetrate but prevents the 
reverse flow of low-energy electrons. A considerable 
amount of research had to be done to find a proper 
plastic which would not be broken down by nuclear 
radiation. 

The source can be almost any radioactive substance 
that is an emitter of 6 particles and has long enough 
half-life to be practical. Gamma-ray emitters cannot 
be used because of shielding problems. One of the 
convenient substances is strontium-90 which has a 
half-life of 25 years and is available in adequate 
quantity for use. 

A cell of this type built by the Radiation Research 
Corporation has the following characteristics: voltage— 
10,000 volts (open circuit) ; current—50 micromicro-am- 
peres (no load); capacity—less than 10 micromicro- 
farads; radioactive isotope—strontium-90; external 
radiation—less than permissible tolerance for a 40-hour 
week one inch from surface; dimensions—height 1*/; 
in. and diameter 1 in.; weight—5 oz.; operating tem- 
perature—from 65° to —65°C. 

This type of cell operates efficiently only at high 
voltages; it is the simplest of all the cells in design but 
has no amplification factor (multiplication factor). 
It is sometimes called a constant-current generator. 

The Contact Potential-difference Type. The operation 
of this type of cell was first demonstrated by Kramer‘ 
in 1924. He used carbon and zinc electrodes with the 
space between them filled with air or the radioactive 
substance itself. The cell operates as follows: The 
particles from the radioactive gas or other substance in 
the cell collide with the gas molecules, knock off elec- 
trons, and thus produce positively-charged ions or are 
captured by molecules to form negatively-charged ions. 
These charged particles (electrons and ions) serve as 4 
conducting medium and so complete the electrical cir- 
cuit between the electrodes. Metals differ from each 
other with respect to the ease with which they give up 
electrons. For example, cesium does so very easily; 
in fact, visible light will drive the electrons off. Gold 
holds on to its electrons very tightly. The relative 
difficulty of removing electrons from two dissimilar 
metals can be measured if the metals are placed in a 


4 Kramer, J. V., The Electrician, 93, 497 (1924). 
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circuit similar to that shown in Figure 2. In this cell 
the positive ions not only conduct the current but also 
tend to pull the electrons out of the metals. 

This type of cell is called the contact potential-dif- 
ference type because the theoretical voltage of the cell is 
determined by the relative difficulties of removing elec- 
trons from the two metals (the arithmetical differences 
between the terms called the work functions of the 
metals). Lord Kelvin’s work in 1898 on measurements 
of contact potentials of metals suggested the use of this 
circuit for a nuclear battery. 

There are several radioactive substances that can be 
used in this cell. Tritium, H*, gives promise of being 
useful in cells of this type. Its betas are emitted with 
relatively low energy (0.018 million electron volts), and 
it has a half-life of 12.5 years and produces no gamma 
rays. 

The advantage of this type of cell over the 6-current 
type is that one high-energy electron produces many 
ions and electrons (it ionizes the many gas molecules 
with which it collides before it is finally stopped). 
Each of these new charged particles is effective in plac- 
ing a charge on the electrodes. Hence, rather than 
have only one charged particle to produce a charge on 
the electrodes there is an avalanche of particles that 
can produce that charge. This increase is called the 
multiplication factor of the cell. The cell using triti- 
um gas has a multiplication factor of about 200. 

The voltage of the contact potential-difference type 
of nuclear cell is about one volt. This is very low com- 
pared to the 6-current type of cell. The current drawn 
from each of these types also is very low, about 10-'° 
amps. These cells can be used successfully in circuits 
where a capacitor is charged from the cell. Then a 
surge of current from the charged capacitor can be used 
to trip a circuit or produce a signal. 

The p-n Junction Type.’ This type cell derives its 
power in the same way that the p-n junction type solar 
cell does (see Figure 3). The two electrodes of the 
cell are made of wafers of high-purity silicon. Each 
silicon atom contains four electrons in its outer electron 
energy level, and is surrounded by four other silicon 
atoms. Each atom shares a pair of electrons with 
each of these four neighbors to establish four bonds. 

Into the surface of one wafer is diffused a tiny amount 
of antimony whose atoms have five electrons in the 
outer energy level. If an antimony atom takes the 
place of a silicon atom in the crystal lattice, eight elec- 
trons will be used to form the four bonds with neigh- 
boring atoms and an extra electron will remain. It 
appears to require only low energy to move that extra 
electron. 

Into the other electrode of high-purity silicon is dif- 
fused a slight surface impurity of an element such as 
boron whose atoms have only three electrons in their 
outer energy level. When a boron atom takes the 
place of a silicon atom only seven electrons are available 


’ Bripces, Henry E., Chem. Eng. News, 34, 220 (1956). 
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Figure 2. A Contact Potential-difference Cell 


to form the four bonds between boron and its four sili- 
con neighbors. Since eight electrons are required and 
there are provided only seven, an electron deficiency or 
a hole in the electron lattice results. This is called the 
positive or p wafer and the other one (the one with 9 
electrons) the negative or n wafer. When these two 
wafers are placed with the sides of the wafers containing 
these impurities next to each other, a p-n junction is 
formed. If a radioactive substance such as strontium- 
90 is placed near this junction the energy from the radi- 
ations (6 particles or y rays) will cause the excess elec- 
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p-n junction 
A—_ Silicon with antimony 


if A 


Load 


Strontium- 
90 


Figure 3. A p-n Junction Cell 
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trons to move through the circuit to the wafer contain- 
ing the electron holes in its electron lattice but not in the 
opposite direction. 

These p-n junction type cells have a very low voltage, 
about 0.2 volt, and a current of several microamperes. 
But they have a huge amplification factor—about 
200,000 electrons are produced for every 8 particle 
emitted in the electrode from the strontium-90. The 
disadvantage of this type of cell, which uses high- 
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Radioactive source 


Figure 4. A Thermojunction Cell 


energy 8 particles, is its short life which results from 
the radiation damage of the silicon crystals. The 
threshold for radiation damage to the silicon crystals is 
about 0.2 Mev. This is much lower than the energy of 
the 6 particles from strontium which is 0.61 Mev. 
With strontium-90 as the radiation source this type of 
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cell fails in a few weeks because of changes in the crys. 
talline structure of the silicon electrodes. Work with 

' lower-energy 8 emitters may make this type of cell 4 
more promising one. 

The Thermojunction Type. This type relies on the 
heat produced by the nuclear changes in the radioactive 
substance. The heat is absorbed by a sensitive ther- 
mopile placed near the source of the activity (Figure 4), 
To minimize the effects of fluctuations in the voltage 
due to changes in the cold junction which is at room 
temperature, the hot junction is operated at a high 
temperature; this requires a large amount of radioac- 
tive substance. Hence, the cost is high. 

Polonium has been used as the source of nuclear 
radiation for this type of cell. A temperature difference 
of about 450°F. was maintained between the hot and 
cold junctions. Polonium is safe to use because it 
emits only alpha particles. A person working with such 
a cell can be safely shielded by only a sheet of paper. 
But polonium decays with the relatively short. half-life 
of 138 days and is quite expensive. ‘The cell built by 
the Mound Laboratory of the Monsanto Chemical 
Company contained 150 curies of polonium-210 (to- 
day’s cost $375,000), delivered 0.75 volt and 25 milli- 
amperes, and weighed 31 grams. 

Other Types of Nuclear Batteries.’ New types of 
nuclear batteries are constantly being proposed. A 
secondary-emission type of cell makes use of a sensitive 
surface from which electrons can be driven out when the 
surface is bombarded with 8 particles (Figure 5). The 
secondary electrons are collected on an insensitive sur- 
face. The maximum energy of the secondary electrons 
is about 20 volts, hence, the open-circuit voltage will 
be about the same. There is some current multiplica- 
tion. 

Photoelectric types of nuclear cells have been pro- 
posed (Figure 6). In these, the radioactive particles 
strike a phosphor which scintillates (gives off light). 
The light then liberates electrons from a photoelectric 
or a photojunction surface. This type of cell could 
probably be used effectively with a p-n junction type of 
photocell. 

Limitations in the Development and Use of Nuclear 
Batteries. All types of nuclear batteries have an effi- 
ciency of between 0.1 and 2 per cent. Some estimates 
would put a limit of two per cent on the ultimate at- 
tainable efficiency of any of these types. 

Except for the 8-current type, the low voltage and 
low steady current result in low power output. In 
general, for personal safety reasons, alpha and beta 
particle emitters are used. It requires too much ma- 
terial to shield personnel from y-emitting substances 
where the persons may be in contact with these bat- 
teries for long periods of time. The beta particles must 
not be of too high energy or they will produce secondary 

6 Chem. Eng. News, 32, 4183 (1954). 

7 Tuomas, A., of Tracerlab, Inc., paper presented at National 


Industrial Conference Board’s Atomic Energy Course for 
Management, April, 1955. ; 
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radiations that are difficult to shield. The half-life 
must be long enough to be practical and the cost must 
be reasonable. 

All of these limitations suggest that nuclear batteries, 
as we now know them, will never be used to meet con- 
ventional domestic or industrial power demands or in 
automobiles. However, their unique properties sug- 
gest special uses. They can be used for some types 
of work at low and high temperatures where the 
conventional battery would fail quickly. Uses that 
demand long shelf life or continued use over a long 
period of time at low drain might be found in the re- 
cording apparatus of an earth satellite, in the arctic re- 
gions, in remote weather stations, or in ocean signal 
buoys. Other uses may be in survey meters to test 
for radioactive contamination, pocket dosimeters to 
test for the amount of radiation a person has received, 
one-shot burglar alarm systems, periodic operation of 
timing devices and clocks, and a high-voltage source to 
trip many types of electrical circuits of civilian or mili- 
tary operations. 

The expense of this type of cell is governed primarily 
by the cost of the radioactive substance used. At 


Narvre is filled with wonderful examples of her 
beauty. In the solid state, a most rewarding instance 
is a large, finely-shaped crystal. Such specimens are 
not only pleasing to the eye, but also have proved to be 
extremely valuable in exposing and developing scien- 
tific principles. Many useful applications make them 
necessary in everyday life. For these reasons, the 
growth and study of individual crystals has gained 
wide popularity, both at the professional and amateur 
levels. The purpose of this article, then, is to provide 
basic information and readily available references for 
anyone wishing to begin the production of crystals. 

Fundamentally, crystallization depends upon the 
maintenance of the mother liquor in a metastable state 
(1). This condition is maintained during growth 
either by slow evaporation or gradual cooling (2). 

In the simplest case of crystal production, some salt, 


‘This report was prepared by the author incidental to his 
senior thesis at The College of the Holy Cross, June, 1956. 
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Figure 6. A Photoslectric-type Cell 


present the lowest cost is about $30 per watt-hour of 
useful electric energy. This compares with about 4¢ 
per watt-hour obtained from an ordinary flashlight cell 
and indicates that the nuclear battery is noncompetitive 
for common uses. 
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GROWING CRYSTALS 


A Survey of Laboratory Methods 
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such as alum, is dissolved to saturation in a hot solvent, 
and purified, if necessary, by filtration. As the solu- 
tion cools to room temperature, a cloud of small erys- 
tals should precipitate. These are removed by filtra- 
tion, and the best few retained as seed. Several ways 
are available for supporting these seeds separately in 
the growth medium. If sufficiently large, they may be 
drilled out and mounted on stainless steel rods. Small 
seed crystals, on the other hand, may be glued to inert 
metal or glass supports, or enclosed within loops of fine 
wire. The assembly is covered loosely, and set aside 
in a quiet, constant-temperature room, such as a cellar, 
where growth takes place as evaporation proceeds. If 
the crystal is allowed to lie directly on the bottom of the 
receptacle, the position of rest must be changed at in- 
tervals so that the several faces grow evenly. Any 
secondary growths can be trimmed off with a razor 
blade or wet string. 

Reference to more elaborate procedures may easily 


* 
; 
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Deming Photo Service 
An ll X 12-in. Sodium Chloride Crystal Ingot Grown from the Melt 
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be found (3, 4). An example is the production of a 
number of large alum crystals by means of a series of 
trays in tiers. Supersaturated alum solution is allowed 
to flow slowly into the top tray, which holds the largest 
crystals. The overflow from this tray feeds the one 
below it, and so on, until the solution becomes ex- 
hausted. The crystals must, of course, be turned onto 
fresh faces at regular intervals. 

A method involving the circulation of the growth 
medium, with constant replenishment of the ex- 
hausted solution, proves very effective. The motion 
of the liquid phase insures even growth, since layers of ; 
varying density are eliminated (5). A thermostat 
maintains constant temperature. Walker and Koh- 
man’s method (6) utilizes a reversing motor to revolve 
the crystals first in one direction, and then in the 
other. This provides for properly proportioned growth. 

Alum is very satisfying in initial experimentation, 
for with patience, crystals of good form and consider- 
able size may be grown quite easily. A specimen 
weighing 240 pounds is recorded by Buckley (7, 8). 
If chrome alum is used, the solution must be prepared 
using cold water (9, 10). Otherwise, according to the 
specifications of the phase rule, the purple hydrated 
form will revert to the green anhydride. This crystal- 
lizes very unsatisfactorily. A completed chrome alum 
crystal should be sealed with a layer of transparent 


(Photo Courtesy Harshaw Chemical 
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potassium aluminum alum to prevent dehydration (//), 
This continued growth of an isomorphous salt is classi- 


fied as the phenomenon of epitaxis (72, 


A practical application of crystal growth appears in 
the preparation of Rochelle salt for radio work (14, 14), 
The crystals are grown in a slightly alkaline solution 
whose specific gravity is 1.280 at 50°C. This solution 
is slowly cooled to avproximately 27°C., at which time 
the nucleus is introduced and growth proceeds. 

Other simple experiments illustrate the basic princi- 
ples of crystal growth (16, 17). Form (18) and color 
manifest themselves when various substances are 
allowed to crystallize spontaneously (1/9). Repair of 
damaged crystals may be studied by placing a broken 
crystal in the growth medium. Purification by crystal- 
lization is also evident when the solution initially 
contains foreign material. This same behavior may 
be encountered with materials in solvents other than 
water; e. g., sulfur in carbon disulfide (20). 

Lead trees, complete with metallic foliage, are easy to 
develop and provoke wide interest (2/, 22, 23). They 
may be produced directly in a solution of lead nitrate, 
or suspended in a silica gel containing lead nitrate. A 
small piece of tin provides the nucleus for growth by 
displacement, and after several days a metallic tree will 
form (24). 

Silver trees are indeed beautiful! When copper is 
placed in a solution of silver nitrate, displacement 
causes fernlike growths of silver to form (25). If the 
copper blank is initially cut to the form of a fir tree, 
the result is a “‘snow-covered’”’ Christmas tree (26). 

The growth of needle-like tin crystals from stannous 
chloride, without the addition of a reducing agent or 
another metal, provides a fascinating exception to usual 
reactions (27). Tin, free from other metals, is covered 
with concentrated hydrochloric acid. After two days, 
an equal quantity of water is added and the tin crystals 
begin to grow. Continuous development may be main- 
tained by replacing the exhausted liquor with fresh 
solution. 

The growth of slightly soluble crystals of any con- 
siderable size from solution is difficult. However, a 
method has been developed whereby such crystals, 
more than half an inch in length, have been produced 
(28). The process depends on the slow reaction of the 
ions necessary to form the insoluble salt. Saturated 
solutions of the soluble “feeder’’ salts, in suitable con- 
tainers, are placed in a two-liter beaker or battery jar. 
Distilled water is then cautiously added until the ievel 
is well above that of the small beakers. Care must be 
taken to avoid mixing the reagents prematurely. ‘The 
large container is finally sealed and set away in a quiet, 
constant-temperature room. As the ions from the silts 
interdiffuse, the insoluble product deposits in a definite 
crystalline habit. A great many insoluble substances 
may be formed in this way—calcium hydroxide, barium 
sulfate, silver dichromate, barium thiosulfate, and 
lead chloride, just to mention a few. 
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ATION 


n (/1),— A delightful display, possible with only a few salts, 
Classi. occurs during the growth of “flowers” on coal or other 
porous solids (29). The base material is first soaked in 
a dish one-third full of saturated sodium chloride solu- 
tion. After two weeks a new solution, saturated with 
sodium chloride and potassium ferrocyanide, is added. 
The “blossoms” which are formed may be colored with 
hydrochloric acid, ink, or ferric chloride. A dif- 
ferent recipe calls for small amounts of salt, bluing, 
water, and dilute ammonia. In this case, the “de- 
pression flowers” grow upon the base “clinker’’ (30). 
hese too may be tinted with ink. Vaseline rubbed 
on the edge of the dish will prevent the “creeping” 
ammonia salts from escaping. 
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rystal-§ Sublimation provides still another method for crystal 
itially Bgrowth (31, 32). Iodine, benzoic acid, and several 
' may other substances fit into this category. Of course, 


* than fithere is the problem of storing such volatile compounds 


so that further sublimation will not destroy them. 


asy toBThe needed protection is furnished by an airtight 
They feontainer, which holds the finished crystal plus a little 
itrate, Bof the original material. 

e. A 


’. AB} There are many forms, other than large single units, 
th by in which crystals can be produced. An intriguing var- 
»e Will Bistion concerns the development of sparkling, erystal- 

studded silhouettes (33). Some support, such as a 
pipe cleaner, is bent to the desired shape and immersed 
in a supersaturated salt solution. Potassium di- 
chromate solution furnishes a red design, while the addi- 
tion of potassium sulfate gives a mixture of red and 
white crystals. 

The projection of crystals on screens for inspection 
or display is discussed in several references (34-38). 
Microscopic study of crystallization is also very re- 
warding, especially as an introduction to the field of 
chemical and metallurgical microscopy (39). Materials 
can be observed as they solidify from liquid to solid 
(urea), in solid solutions (naphthalene—benzoic acid), 
and in many other transformations. Such an intimate 
view of crystal growth leaves a vivid impression in the 
mind of the novice. 
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stals, |. Many modifications and extensions of the above out- 
juced gine of experiments are evident, once the basic behavior 


of crystal growth is understood. The dyeing of the 
crystal faces with various colors produces unique ef- 
fects for some dyes will coat only one plane of the 
crystal. Etch figures (40) and the modification of the 
crystal habit by impurities (4/) are also thought-pro- 
voking. 

Organic and inorganic crystals grown directly from 
the melt offer a wider field for experimentation (42, 
Based on this process, Kyropoulos has developed 
a method (44) in which the crystal is slowly withdrawn 
from the melt. As can be seen from the photograph of a 
sodium chloride crystal ingot, products obtained in this 
way do not always have their external shape correspond- 
ing to their crystalline habit. But the lattice struc- 


f the 
rated 
con- 
y jar. 
ievel 
st. be 
The 
juiet, 


salts § 43). 
finite 
rium 

and 


451 


ture and properties are identical with other crystals of 
the same material, regardless of the external form. 

These variations in no way exhaust the possibilities 
inherent in this subject. The solid state of matter 
still retains many of its mysteries, thereby presenting a 
challenge to the inquisitive mind. 
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CHEMISTRY 


INTRODUCTION 


There can be but few textbooks of organic chemistry, 
however elementary, which fail to stress the significance 
and importance of Wohler’s synthesis of urea. This 
great discovery is fittingly regarded to mark the begin- 
ning of organic chemistry as we know it today. Al- 
though Wohler’s achievement naturally overshadows 
other aspects of the story of urea, an examination of the 
history of this simple substance is most rewarding in 
many other connections, for few other organic com- 
pounds, if indeed any, reflect more closely the develop- 
ment of organic chemistry from its earliest beginnings 
than does urea. Tracing its record, we are guided past 
some of the highlights of scientific endeavor, from the 
age of iatrochemistry to present-day organic tech- 
nology. Moreover, a study of the early literature, 
published in more leisurely days, affords us the pleas- 
ure of glimpsing something of the personality of the 
authors whose excitement, hopes, and disappointments 
enlivened their writings to a degree unknown and im- 
possible today. 

Although the significance of Wohler’s synthesis of 
urea has been the subject of numerous studies and ap- 
preciations (see, for example, (/-5)), a more detailed 
consideration of the history of urea has received com- 
paratively little attention. The only comprehensive 
account available appears to be the excellent though 
brief history written by Chattaway (6) nearly 50 years 
ago. Since then, much further material concerning 
the earlier literature has come to light. The present 
study, compiled from the primary sources, is intended 
to review concisely the role of urea in the history of 
organic chemistry. 


THE IATROCHEMICAL PERIOD 


The curiosity and interest aroused by the functions 
and constituents of the living body is as universal as it 
is timeless. It is reflected in the alchemists’ search for 
the elixir of life and the scope of their armory, which in- 
cluded all manner of materials of animal origin, such as 
dried blood, bones, and urine. Their experiments deal- 
ing with these and other substances, however mis- 
directed and unorganized, were bound to accumulate a 
useful store of empirical chemical experience. The 
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discovery of the process of isolating phosphorus from 
urine about the year 1670 bears witness of the extensive 
work that must have been carried out on urine in the 
age of alchemy and iatrochemistry. But for its solu- 
bility, urea might well have been discovered in those 
very early days (compare Chattaway (6)). 

As it is, the beginnings of the story of urea, though 
not its isolation, are to be found in the iatrochemical 
age, more than three centuries ago. This epoch, 
founded by the teachings of Paracelsus (1493-1541), 
marked the fusion of the entire contemporary chemical 
and medical art. Chemistry, having proved itself a 
valuable helpmate to the physician by providing many 
useful remedies, came to be regarded as the very basis of 
medicine. Van Helmont (1577-1644), one of the first 
exponents of this doctrine, realized (7) the importance 
of a knowledge of the composition of the body fluids for 
prescribing remedies. Being still imbued with re- 
ligious, supernatural, and alchemistic ideas, Van Hel- 
mont at times wrote rather obscurely, but, upon ex- 
amination of urine he undoubtedly recognized the pres- 
ence of a “salt of urine, that never occurs outside 
man’s body and which is bred in the course of digestion 
from a substance not a salt... . It differs from sea- 
salt (7. e., sodium chloride], also present in urine, by re- 
maining unchanged in its course through the body and 
on putrefaction of urine.” Besides the difference in 
taste, Van Helmont observed a difference in crystalline 
form: ‘The sea-salt in its cooling, adheres to a wooden 
vessel even while it is separated from saltpeter, but the 
salt of urine grows together in the bottom of the 
liquor.” Lastly the salt of urine, unlike sea salt, is 
volatile and may, therefore, be separated from it “by 
fire and flight.”” Thus early in the seventeenth cer- 
tury the presence in urine of an unusual animal sub- 
stance, salt-like (presumably because crystalline) «nd 
yet different from sea salt, was at least sensed. 


EARLIEST WORK 


The first isolation of urea from urine in 1773, if only 
in a very impure state, has persistently been attributed 
to Rouelle le cadet (8). As pointed out by Backer (9) 
in 1943, however, credit for this discovery is unques- 
tionably due to Herman Boerhaave (1668-1738) who 
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some time before 1727 prepared urea (or its addition 
compound with sodium chloride) from urine. There is 
every indication that Boerhaave’s specimen was in fact 
purer than the one described by Rouelle more that 50 
years later, or that obtained by Fourcroy and Vauque- 
lin during their first researches in 1799 (10) (see be- 
low). 

A description of this discovery is to be found in 
Boerhaave’s (11) celebrated ‘“‘Elementa Chemiae’’ 
published in 1732. This book is based on the course of 
lectures delivered by Boerhaave while professor of 
chemistry and botany at Leyden between 1704 and 
1729 and was written, much against his will after his 
retirement from this post, in order to disclaim any 
knowledge of a spurious work “full of false notions, 
absurdities, and barbarisms” published by his students 
and appearing under his name in 1727. It is pertinent 
to our story that this “pirated” edition of 1727, how- 
ever unsatisfactory in the true author’s eyes, contains 
practically the same account on the isolation and prop- 
erties of urea as the genuine textbook of 1732, thus 
clearly dating the discovery sometime before 1727. 
Although the exact date cannot now be determined 
with certainty, the researches on urea may well have 
been completed a good many years earlier, for Boer- 
haave states in his preface that “those (experiments) 
which are now contained in this work are what I made in 
public many years ago, and this I think proper to men- 
tion lest anybody should suspect I borrowed them else- 
where without making mention of the author’s name.” 

In view of the very limited knowledge and simple 
practical techniques at his disposal, Boerhaave’s ex- 
perimental skill, acute observations, and deductions 
therefrom are truly remarkable. 

His procedure for isolating urea, which he called 
“the native salt of urine” (sal nativus urinae), is clearly 
detailed in his work (/2) and can be followed without 
difficulty by the modern reader (cf. Figure 2). 

In another section of his book (13) dealing with ani- 
mal fluids Boerhaave discusses some properties of his 
“native salt of urine.” He stressed its difference from 
the mineral salts ingested by animals, which pass un- 
changed through their system. Unlike “fixed salts,” 
it volatilized, though only above the temperature 
of boiling water; it proved neither acidic nor alkaline, 
but was converted to an alkali on putrefaction. In 
Boerhaave’s experience, it seemed to resemble sal am- 
moniac most closely, but was clearly distinct there- 
from (13). 


In short, after a great many experiments made on purpose to 
determine the true nature of this animal salt, as it really exists in 
sound bodies and acts there by its own peculiar virtue, it appears 
to be of a mild disposition; possessing a saponacious quality from 
an oil that is united with it; being a kind of middle salt, between 
4 fixt and volatile one; having not the least mark either of an 
alkali or an acid; being easily, however, resolvable into a volatile 
foetid oil and a volatile alkaline salt and hence very much dis- 
posed to putrefaction. Nor let anyone be here led into a mistake 
by the fixt salt, which is produced from the ashes of the urine 
when burnt in the fire; for this is nothing else but the sea-salt, 
that was first taken into the body, which is able to bear all the 


actions and powers of the animal machine, without suffering any 
alteration in its nature. 


The fact that half a century or more elapsed before 
Boerhaave’s findings were independently rediscovered 
speaks eloquently for his outstanding genius as a 
chemical experimenter. Yet the modesty of this great 
man is evident from his clear and plain style, not often 
cultivated by his lesser contemporaries, while his 
humility shines through almost every line of the preface 
to his “Elementa,” of which the following are typical 
passages: “Nothing was formerly further from my 
thoughts than that I should trouble the world with any- 
thing in chemistry. There are so many books already 
upon this subject and many of them wrote so well, that 
it is hardly possible for me, either to represent things in 
a better light, or to offer anything that has not been 
said before’; and again, “But to detain my Reader no 
longer, please to accept this performance, such as it is, 
in a favourable manner, excuse the trouble I by this 


-means give you, and impute the liberty I take of ap- 


pearing in print upon this subject, to the very good 
reception the spurious copy, which was worse, met with 
from the Public.” 

In establishing Boerhaave’s prior claim to the dis- 
covery of urea, Backer and De Jonge (9) went so far as 
to confirm experimentally that his technique is in fact 
capable of yielding urea from urine. They were able 
to show that, after treatment with charcoal (a refine- 
ment which had admittedly not been at Boerhaave’s 
disposal), urine afforded appreciable quantities of pure 
urea or its addition compound with sodium chloride, 
depending on the mode of evaporation. It is remark- 
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Figure 1. A Lecture by Herman Boerhaave 
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PROCESS XCVIIL 
The Native Salt of Urine. 


APPARATUS. 


TA K E fome very freth well-concoéted Urine of perfons in ape Health, 
put it prefently intoa very clean Veffel, and with an equable Heat of 200 de- 
grees, evaporate it till you have reduc’d it to the confiftence of freth Cream, 
and whilft it continues thus hot ftrain it through a Bag, that the tenacious Oil 
may in fome meafure be retain’d there, and feparated from it; and the more 
accurately this is done, the better. Put a large quantity of this thick infpif- 
fated Liquor into 2 tall cylindrical glafs Veffel, with a paper tied over it, 
and let it ftand quict in a cool place for the fpace of a Year. By this means, 
then, you will have a folid, hard, fub-pellucid, brown, faline Mafs, fix’d all 
about tie bottom of the Vefitl; and over this a thick, black, pinguious Li- 
quid, feparated and rejected a3 it were from the concreted Salt. Decant this 
Liquor, take out the faline Mafs, put it into another Vefiel, pour fome ver 
cold Water upon it, and thake it about to free it from its oily Impurities, whic 
may be done pretty cafily, as it will not readily diffolve in cold Water. 
Keep this faline Matter under its proper title. If this is diffolved in hot Water, 
and ftrained till the Lixivivm becomes exceeding limpid, and evaporated to a 
Pellicle in a very clean glafs Veffel, then, if you fet it by in a cold place, it 
will fhoot into faline Giebes of a particular kind, that are perfectly diftiné& from 
every other Salt. In their figure, and folidity, however, they come pretty near 
to the Cryftals of Sugar. Thefe are not fetid, nor alcaline, but very volatile. 
This is the native Salt of Urine. 


Figure 2. Boerhaave’s Description of the Isolation of Urea 


able that one century after Boerhaave’s discovery, 


Berzelius (14) had considered it impossible to obtain 
crystalline urea from urine by evaporation because of 
its alleged association with lactic acid in this fluid. 
The loss to chemical literature for over 200 years of 
Boerhaave’s discovery may be due partly to the claim of 
Fourcroy and Vauquelin, made many years later in 
their famous monographs on urea (10, 15) (see below), to 
have vainly searched the old records for previous con- 
tributions to this subject. Although they refer with 


admiration to the “illustre professeur de Leyde,” they 


obviously overlooked the appropriate sections of his 
writings. 

Researches concerning urine appeared from time to 
time throughout the early eighteenth century. Borel- 
li (16), Lemery (17), Geoffroy (18), Hellot (79), and, 
above all, Margraff (20) and Scheele (21) published 
papers on this subject, but their interest was mainly 
focused on the mineral salts present, particularly the 
phosphates from which phosphorus had originally been 
obtained, and on uric acid (Scheele’s “lithic acid’’) in 
view of its connection with the formation of stones in 
the urinary organs. It was, however, not until the end 
of the century that the time was ripe for the redis- 
covery of urea. An examination of the contemporary 
“abstract literature,” comprising such periodicals as 
Nicholson’s (later Thomson’s) Annals of Philosophy 
(22), issued in London; Scherer’s (later Gehlen’s) 
Journal (23), published on the Continent; and, above 
all, Berzelius’ celebrated Annual Reports (24), clearly 
shows the trend of chemical researches of this time. 
In addition to the steady progress in mineral] chemistry 
and much careful work of a quantitative nature, which 
was beginning to place chemical theory on a firm foot- 
ing, an increasing volume of research concerned itself 
with vegetable and animal chemistry. Improved tech- 
nique, sounder ideas, and better facilities enabled 
chemists, many of whom incidentally, had entered 
chemistry after obtaining pharmaceutical or medical 
degrees, to turn their attention to those fascinating 
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substances contained in living matter that were be. 


lieved to owe their existence to the agency of an indisfR 


pensable though mysterious “vital force.”’ Although 
no one dared hope to imitate Nature’s ways by pro- 
ducing such compounds in the laboratory by purely 
chemical means, savants were busily engaged with 
varying success in extracting, purifying, and examining 
all manner of products of vegetable and animal origin. 
That urea should be rediscovered and extensively stud- 
ied in this period was a natural consequence of this gen- 
eral turn in the development of chemical science. 

In a paper published by Rouelle le cadet (8) in No- 
vember, 1773, the isolation from urine of what was un- 
doubtedly an impure specimen of urea is described. 
Hilaire Marin Rouelle (1718-79) was the youngest, and 
a brother of the more celebrated Guillaume Francois 
Rouelle (1703-70) who was the eldest, of a family of 12 
children, born of farming people living at Mathieu, a 
village near Caen. The brothers worked together in 
Paris for many years, Hilaire succeeding eventually to 
the post of Demonstrator at the Jardin du Roi on his 
brother’s retirement due to ill health in 1768. Little is 
known of Rouelle le jeune except that, unlike his very 
spectacular brother (25, 26), he was a quiet unassuming 
man. In his memoir entitled “Observations on Human 
Urine and Its Comparison with the Urine of a Cow and 
a Horse’”’ (8), he described the extraction of an impure 
specimen of urea, forming the alcohol-soluble portion 
of the evaporated urine residue. He referred to it as 
the “‘saponaceous extract of urine (matiére savonneuse),” 
in contrast to the alcohol-insoluble matiére extrac 
tive. The former, he noted, was present in far 
greater abundance and crystallized like salts, but at- 
tracted moisture and was therefore difficult to obtain 
solid. On heating, it yielded much more than half its 
weight of ammonia, a little oil, and sal ammoniac. 
He regarded this matiére savonneuse as the end 
product of the numerous chemical changes of the nu- 
tritive vegetable matter during digestion and circula- 
tion in the body. Though not the first to isolate urea, 
Rouelle le cadet may justly be credited with its first, if 
imperfect, “analysis” and proof of its high nitrogen con- 
tent. 

About 20 years later, a significant improvement in 
the isolation of urea from urine, namely its precipita- 
tion as the sparingly soluble crystalline nitrate, was in- 
dependently discovered by W. Cruickshank (27) in 
England, and Fourcroy and Vauquelin (28) in France. 
William Cruickshank,! who was appointed surgeon in 
the Royal Artillery in 1794 and chemist to the Ordnance 
Department in 1804, was collaborating at the time with 
the Surgeon-General, Dr. Rollo, at the Royal Artillery 
Hospital at Woolwich, London. The results of their 
joint study of the disease diabetes mellitus were pub- 
lished in Rollo’s book “Cases of the Diabetes Mellitus” 


1 William Cruickshank, the author of a number of papers 0 
chemical subjects, has often been confused with William Cum 
berland Cruickshank, F.R.S., (1745-1800) who worked with 
William Hunter in his Great Windmill Street School of Anatomy, 
London. 
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27), in the preface of which the author credits Cruick- 
shank with all the chemical work that had been carried 
but. This included the chemical examination of the 
rine of the patients under Rollo’s care and the dis- 
overy of urea nitrate, described in the text (27) as fol- 
ows: 
Treated with two or three times its weight of nitric acid, the 
nimal extractive matter affords its weight of shining scales re- 
embling acid of borax, their figure being apparently that of flat 
. although they evaporated in white smoke when 
bxposed to a " moderate heat, yet when more strongly ignited 
hey burned with a reddish flame and a kind of detonation simi- 
ar to the nitrate of ammonia. 


OURCROY AND VAUQUELIN’S RESEARCHES 


At about the same time, Fourcroy and Vauquelin 
28) referred to the white shining crystals that are pre- 
ipitated most unexpectedly on addition of nitric acid 
0 the alcoholic extract of urine evaporated to the con- 
sistency of a sirup. On heating, the crystals melted, 
swelled up, and yielded much oil and ammonia, leaving 
practically no residue. Fourcroy and Vauquelin were 
puzzled that an “animal substance” should combine 
vith an acid, forming with it a crystalline body as if a 
base, yet behaving quite unlike a base in all other re- 
spects. Neither the British nor the French investi- 
pators, however, reconverted the nitrate to urea. 

During the next few years, Fourcroy and Vauquelin, 
wo of the leading scientists in the field of animal 
hemistry, subjected the chief urinary constituent to 
he most exhaustive and detailed study. It is obvious 
rom their early writings that the material used in their 
nitial investigations was far from pure, but they suc- 
eeded in establishing correctly the more obvious prop- 
rrties of this substance. The accuracy and value of 
heir findings increased as their technique of isolating 
rea Was improved. 

In their paper of 1798 (75) full analyses of fresh and 
putrefied urine emphasized the change in composition 
wecompanying fermentation. Urea was referred to as 
‘the special urinary constituent,’’ present in greatest 
abundance, which causes urine, evaporated to a sirup, 
0 crystallize, and yield crystals on addition of nitric 
ncid. It was still incorrectly regarded to give urine its 
‘haracteristic odor, color, taste, and ability to undergo 
spontaneous change into ammonia and carbon dioxide. 
ourcroy and Vauquelin also remarked on the power of 
rea of reversing the crystalline form (from cubic to 
octahedral and vice versa) of sodium chloride and am- 
monium chloride, respectively. A similar observation 
had in fact been made as early as 1783 by Romé 
de l’Isle (29) who recorded the formation of octahedral 
sodium chloride in the presence of urine without, how- 
ever, tracing this change to any particular constituent 
of urine. The clue which had led Romé de I’Isle to this 
discovery was his acquaintance with Rouelle, as is ob- 
_ from the following passage (29) taken from his 

k: 


A solution of sea-salt left to evaporate spontaneously in the 
laboratory of M. Rouelle, examined after 5 years, had formed 


both at the surface of the liquid and at the bottom of the vessel, 
octahedral crystals as regular as those of alum. I have kept 
some of his crystals as specimens in my collection. There is 
reason to believe that this sea-salt came from urirces used by M. 
Rouelle for extraction of microcosmic salt; for, on pouring fresh 
urine into a solution of very pure sea-salt, this salt, instead of 
assuming the cubic form that it had before, crystallises in octa- 
hedra as regular as those of alum, without, however, undergoing 
any change in taste or in its other properties. 


Figure 3. The Royal Artillery Hospital, Woolwich. The Scene of 
Cruickshank'‘s Activities at the Time of His Discovery of Urea Nitrate 


The qrarevies bears the following dedication; *‘To Dr. Rollo, Surgeon- 


General, and the gentleman of the Military Medical establishment of H. M. 
Ordnance this plate is inscribed by their obliged and their humble servant 
[From the Deptford Collection of Prints, British Museum] 


J. Baker.”’ 


In their paper of 1799, Fourcroy and Vauquelin (10) 
detailed their method of isolating the “special urinary 
constituent,”’ which they considered to be a substance 
of such importance to the animal economy to warrant 
special designation. They therefore proposed the 
name “‘urée”’ which would readily call to mind the an- 
atomical structures and physiological functions as- 
sociated with the fluid from which it was derived. 

Fourcroy and Vauquelin’s method of isolating urea 
was still essentially the same as that used by Rouelle, 
and their product was probably no purer than such 
early preparations. Fresh urine was evaporated to.a 
sirup, which on cooling set to a crystalline mass; 
treatment with alcohol, in which the mineral salts were 
insoluble, gave an extract which was concentrated to a 
sirupy liquor. On cooling, this deposited a brownish- 
yellow crystalline solid consisting of impure urea. 

Owing to the presence of impurities, the detailed de- 
scription of the action on urea of heat, water, acids, 
alkalies, and chlorine is-inaccurate. However, among 
the wealth of descriptive detail important facts begin 
to emerge, including the formation of ammonium carbo- 
nate on heating urea; its hydrolysis to ammonium car- 
bonate by water, dilute acids, and particularly, strong 
alkalies; and finally, the slow, though incomplete oxi- 
dation of urea by chlorine into equal volumes of nitro- 
gen and carbon dioxide. 

Much progress had been made by 1808 when Four- 
croy and Vauquelin (30) were able to describe the prep- 
aration and properties of much purer urea. This was 
obtained by being first isolated as the sparingly soluble 
nitrate from which free urea was liberated, in aqueous 


a? 


solution, by neutralization with potassium carbonate. 


Evaporation to dryness followed by extraction of the- 


residue with alcohol at 40° effected separation of the 
urea from the potassium nitrate. The product, which 
separated on careful evaporation of the alcoholic solu- 
tion, consisted of hard transparent square plates or 
prisms, or quadrilateral leaves, “with a taste resem- 
bling fresh nuts,” and left scarcely any trace of residue 
on ignition. An account of this important work pres- 
ently found its way into Thenard’s “Treatise of 
Chemistry” (31): A re-examination of the action of 
heat on urea now gave more precise results than had 
been recorded by the same authors eight years before. 
In addition to the formation of ammonium carbonate, 
they observed (30) a distinct crust-like sublimate con- 
sisting of a sparingly soluble weak acid (cyanuric acid). 
Fourcroy and Vauquelin regarded this as uric acid, a 
very understandable error, as Wéhler (32) remarked, 
considering the state of knowledge at the time. The 
French workers also observed that distillation of uric 
acid afforded besides ammonium carbonate a sublimate 
very like urea from its form, color, fresh taste, solu- 
bility in water, and, above all, its precipitation from 
solution by nitric acid. Although they were unable to 
prove their views conclusively, their results were fully 
confirmed by Wohler (32) some 20 years later. Four- 
croy and Vauquelin are therefore the first to have ob- 
tained urea by a purely chemical reaction, if only from 
another compound of animal origin. 


ANALYSIS OF UREA 


Fourcroy and Vauquelin’s procedure of isolating urea 
was shortly afterwards further improved by Prout (33) 
who was probably the first to prepare the compound in 


the pure state. William Prout, F.R.S., though best 
known for his hypothesis concerning the atomic 


Figure 4. William Prout (1785-1850) 
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weights of the elements, carried out numerous investi. 
gations of a pioneer character in physiological chem 
istry. After neutralizing the nitric acid of urea nitratg 
with potassium carbonate, Prout allowed the potas 
sium nitrate to crystallize out and thus it could be re 
moved. The urea filtrates were then purified with s 
large quantity of charcoal and gently evaporated to dry: 
ness, the residue extracted with boiling alcohol in th 
usual way, and the product finally recrystallized two o 
three times from the same solvent. Since in his pu 

lication Prout claims to have made his results public i 
lectures three years before, the date of the first isolation 
of pure urea may be taken as 1814. 

Prout showed that his pure urea was not decomposed 
by boiling water. It combined with a number of metal 
lic oxides, the grayish compound with silver oxide det 
onating on ignition. Like nitric acid, oxalic acid 
afforded a sparingly soluble crystalline salt, later em 
ployed by Berzelius (34) as yet another convenient 
means of isolating urea from urine. But the most re 
markable part of Prout’s work was his astonishingly 
accurate analysis; he obtained a percentage composi 
tion of urea almost identical with that calculated from 
its formula (cf. Table 1). Prout performed the com 
bustions using copper oxide as the oxidizing agent. 
He emphasized the need for the greatest care in measur 
ing the water formed and nitrogen evolved, and for this 
purpose made his own platinum weights and calibrate 
the graduations of his nitrometer. He paid great at 
tention to the removal of moisture, drying all substan 
in a vacuum over sulfuric acid before use in the an 
alysis. 

In 1817, a successful analysis of an organic compound 
was naturally an achievement of a high order. Thal 
reliable results were not always the rule is shown by 4 
passage in the writings of the great Berzelius, whos 
obvious impatience at the state of affairs is reflected i 
the following observations: 

There is often, in organic analysis, a temptation to base ca 
culations on imperfect experiments. If such calculations are late 
confirmed by those who have made greater efforts to obtai 
trustworthy results, one can claim to have first performed th 
— if not confirmed, a small error is soon forgottet 

Prout’s results are excellent, judged by any stand 
ards, and could hardly be bettered by skilled specialists 
working with modern equipment today. His stand 
ard as an experimenter is further appreciated by ! 
comparison of his results with those of Bérard (36), 
published about the same time (see also Thenard (.37)). 
In a thesis, presented to the Faculty of Medicine of the 
University of Montpellier, Bérard had set out to extend 
the knowledge of animal chemistry by analyzing several 
of the most important animal substances, including 
urea and uric acid. Like Prout, he employed (ay 
Lussac’s method of completely oxidizing the organ! 
compound with copper oxide; in accuracy, howeve! 
his results (cf. Table 1) fell rather short of those of his 

ritish contemporary. 

Prout (33) also analyzed urea nitrate: he believed 


OLUMI 


hat a 
linically 
rine as 
nined tl 
he nitri 
nnd conf 
rea niti 
periment 
nected ti 
s perha 
Prout’s 
ase to ti 
Brief 1 
attempt 
ourcroy 
ive ther 
ralculate 
arbon 
vhich fo: 
products 
umbers« 
ections 
gures f 
bvitably 
ourcroy 
rea is th 
In 1821 
ense of 
brilliant 


| 


process ¢ 

rout’s v 
ranslatic 
efers on! 

e attrik 
0 its co! 
he acet 
hese ten 
he solve 
iry, A 
salso pa 
aminate 
bonate h 
bnd is tk 
Proust ac 
ead carb 
ead nitr 
partial ev 

eing eli 
reatmen: 
rea. 

In 182¢ 
lucing la 
Antoine, 
bgent aga 
hay, it pl 
solating 
keparatio. 
Dther cor 

enry (3 


| 
ig 
a3 
{ 
4 
| 
4 
ar 
3 
Big 


SATIONBVOLUME 33, NO. 9, SEPTEMBER, 1956 

investiq@hat 2 knowledge of its composition might prove useful 
| chemslinically in estimating urea in given specimens of 
nitratgtine as the sparingly soluble nitrate. He first deter- 
- potasgmined the amount of calcium carbonate dissolved by 
1 be mphe nitric acid from a known weight of urea nitrate, 
with gpd confirmed his findings by establishing the weight of 
to dryggirea nitrate formed from a given quantity of urea. Ex- 
| in thperiments of this nature could naturally not be ex- 
| two ompected to provide very exact figures (see Table 2). It 


s perhaps a little curious that an experimenter of 
Prout’s caliber should choose to give results in such a 
ase to two decimal places. 

Brief reference is pertinent at this point to an early 
httempt to analyze urea. In their extensive studies, 


is pu 
ublie i 
solatior 


m poset 

metal@eourcroy and Vauquelin (1/0) had carried out quantita- 
ide detqpive thermal decompositions of urea and endeavored to 
ic acid@alculate its composition from the amounts of ammonia, 


arbon dioxide, and water (all of known composition) 
which formed the ultimate constituents of the pyrolysis 
products. This inadequate technique necessitating 
umbersome calculations and somewhat arbitrary cor- 
ections to allow for the presence of impurities gave 
gures for the percentage composition that were in- 
bvitably highly inaccurate. Even so, they enabled 
ourcroy and Vauquelin to express the opinion that 
rea is the most nitrogeneous of all animal substances. 

In 1820, Proust (38), famous for his discovery and de- 
ense of the law of constant proportions and for much 
brilliant work in all branches of chemical science, sub- 
stituted lead for potassium carbonate in the isolation- 
process of urea. It appears that he was unaware of 
rout’s work, in spite of the appearance of its French 
ranslation in the important Annales (33), since he 
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Thafefers only to Fourcroy and Vauquelin’s earlier papers. 
nm by @le attributed the deliquescent nature of their product 


0 its contamination with salts (sodium chloride, and 
he acetate, benzoate, and chloride of ammonia); 
hese tend to dissolve during the alcoholic extraction if 
he solvent is heated too strongly or is not perfectly 
ry. A brown resinous substance contained in urine 
salso partially alcohol soluble and hence liable to con- 
aminate the urea. According to Proust, lead car- 
bonate has a strong affinity for this resinous material 
bind is therefore particularly suitable for its removal. 
Proust accordingly warmed aqueous urea nitrate with 
ead carbonate until effervescence ceased; most of the 
ead nitrate was then removed after filtration and 
partial evaporation of the filtrate, the last traces of lead 
eing eliminated with hydrogen sulfide. The usual 
treatment then afforded pure colorless crystals of 
rea, 

In 1829, Henry (39) was charged with the task of pro- 
lucing larger quantities of urea for the Hospital of St. 
ntoine, Paris, for testing its value as a therapeutic 
Ment against diabetes, a purpose for which needless to 
ay, it proved unsuccessful. Thus far all methods of 
wevel@solating urea from urine had been based on its direct 
of hifKeparation, either free or as a sparingly soluble salt, the 
bther constituents remaining behind in the filtrates. 
slieved#enry (39) on the other hand, solved the problem by 
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TABLE 1 
Composition of Urea 
Prevost 
Fourcroy and’ Bérard Prout and Dumas 

Vauquelin (10) (36, 37)* (33) (43) Calculated 

C 17.0 19.1 19.99 18.23 19.99 

H 13.7 9.2 6.66 9.89 6.71 

32.5 26.66 29.65 26.64 

N 36.8 43.4 46.66 42.23 46.66 
* The figures quoted have been recalculated from Bérard’s 


original data. The percentages given by this investigator were 
incorrect because of erroneous equivalent weights used in the 
original calculations. 


precipitating all other constituents with basic lead 
acetate, leaving urea in the filtrate from which it was 
readily obtained by the usual methods. Berzelius (34), 
who considered urea oxalate to be the most convenient 
intermediate affording purest urea, questioned Henry’s 
claim of having obtained superior yields by his method, 
but conceded that it afforded urea most cheaply on the 
large scale. This aspect assumed importance as urea 
began to find favor as a diuretic (34). 

Notwithstanding the diversity of published methods 
of isolating urea from urine and the minute directions 
given in almost every paper, Wohler (32) was still able 
in 1829 to add the fruits of his experience to the general 
store of knowledge. It is interesting to note that 
in this investigation, concerned with the thermal de- 
composition of urea and published well after his urea 
synthesis, Wohler chose to isolate his starting material 
from urine. Recognizing the complete destruction of 
urea caused by nitrous acid, he stressed the need of us- 
ing nitric acid free from nitrous acid in the preparation 
of ura nitrate. He employed barium carbonate to 
liberate free urea therefrom, and emphasized the im- 
portance of extracting the evaporated salt mixture with 
alcohol at ordinary temperatures even though this re- 
quired much more solvent, since in the presence of 
urea a good deal of mineral salt appeared to pass into 
the alcohol at its boiling point. In investigating the 
pyrolysis of urea, Wohler was the first to note its melt- 
ing point, but reported it to lie near 120°. From the 
context it is clear, however, that this physical property 
of urea was observed only incidentally; it was ob- 
viously not yet the general practice to determine melt- 
ing points accurately as a criterion of the purity of or- 
ganic compounds. 


UREA AND CHEMICAL PHYSIOLOGY 


The period which witnessed the progress made in the 
isolation of urea and the study of its chemical prop- 
erties also saw the first contributions to the knowledge 


TABLE 2 
Composition of Urea Nitrate (Prout (33)) 
Found Calculated 
Urea 52.63 48.79 
Nitric acid 47 .37 51.20 


= 


of its function in the living body. This was of course 


not surprising in view of the medical background, al-. 


ready alluded to, of many of the chemical investigators 
of those times. Already before the end of the eight- 
eenth century, urea and uric acid, the chief organic con- 
stituents of urine, were suspected to be the end products 
of nitrogen metabolism (8). The chemical study of 
these compounds and their concentration in the body 
fluids was considered of the highest consequence to the 
progress of both physiology and medicine. This view, 
together with repeated admonitions to practicing doc- 
tors to pay more heed to chemical discoveries, was ex- 
pressed with increasing emphasis in the successive 
memoirs of Fourcroy and Vauquelin and in the writings 
of many of their contemporaries. 

Bérard (36), after analyzing many animal sub- 
stances, was of the opinion that “since urea and uric 
acid are the most azotised of all animal substances, the 
secretion of urine appears to have for its object the 
separation of the excess azote from the blood.” This 
was born out by repeated observations that the urea 
content of urine appeared to be directly related to the 
protein (and hence nitrogen) content of the diet. 
Cantu (40), for example, demonstrated the presence 
of urea in the excrements of carnivorous birds al- 
though urea is normally absent from those of the 
herbivorous species. Hieronymi (41), who had the 
opportunity of analyzing the urine of lions, tigers, 
leopards, and panthers, remarked on the unusually 
high urea content, often reaching 13 per cent. One 
cannot help but observe that scientists were cer- 
tainly no less venturesome in the choice of the subject 
for their investigations 120 years ago than they are 
today. That urea results from the oxidative degrada- 
tion of proteins was finally proved, in vitro, by Bé- 
champ (42) in 1856. He succeeded in isolating urea by 
oxidizing egg albumin, serum albumin, blood fibrin, 
and glutin with potassium permanganate, provided 
that the medium was kept neutral or only faintly alka- 
line, a condition that was essential to prevent the de- 
struction of the urea as it was formed. 

In 1822, Prévost and Dumas (43) demonstrated the 
presence of urea in the blood; their careful proof of its 
identity with urea from urine included an elementary 
analysis of their specimen (for results, cf. Table 1). 
By a comparison of the composition of the blood of 
dogs, cats, and rabbits before and after nephrectomy, 
they concluded that the kidneys are organs whose func- 
tion, like that of the skin, is purely to provide an elim- 
inating surface, a theory earlier put forward by Rollo 
(27). The exact site of the formation of urea was still 
unknown, but the fact that in cases of hepatitis, the 
urine contains little or no urea was considered a strong 
indication that the liver is involved in its formation. 


CONCLUSION 


The early history of urea provides a vivid impression 
of the slow and difficult beginnings of chemical science: 
the best part of a century elapsed between the first iso- 
lation of urea and the preparation and analysis of the 
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first pure specimen in 1817. At the same time, there; 
already discernible that ever increasing momentum, 
familiar to us today, with which science progresses. Th 
few and modest memoirs published before 1800 are fo! 
lowed, after the turn of the century, by a mounting nun 
ber of researches of rapidly increasing accuracy and si 
entific value. Reading these early papers, we cannoj 
fail to admire the genius and perseverance of thos 
early men of science whose work provided such a firm 
foundation for their successors. Presently, in litt 
more than a decade, urea was destined to play a part ij 
the history of science that marked the birth of moder 
organic chemistry. 
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HE fallacy of treating the internal-pressure correc- 
r Dal ion in van der Waals equation on the basis of a cumu- 
oss 9gipative force field from the body of the gas, which neg- 
Workects compensating attractions by the molecules of the 
aMBER@wall, has recently been discussed by Swinbourne.' 
— he alternative presented, however, appears beyond 
aaa he scope of an undergraduate physical chemistry 
strowgeourse, though it is considerably more elegant than 
he simple model presented below. The treatment 
9, 1840@outlined here has the advantage of being qualitatively 
rationale rect and simply described. It still leads to the 
31, sgcorrect n?a/V? term of the van der Waals equation. 
The internal pressure of a gas is a measure of the at- 
mie deéftractive forces between molecules. As a result of this 
- attraction, collisions do not occur instantaneously. 
aie Instead, the colliding molecules tend to remain near 


one another for a short period of time. Molecules 
therefore require a slightly longer time than that cal- 
culated from their root-mean-square velocity to trav- 
erse one of the linear dimensions of the container. 
According to the kinetic picture of a gas, the pressure 
results from the collisions of the molecules with the 
Walls of the container. Because of the delay during 
collision, the number of molecules reaching the wall is 


'Swinpourng, E. J. Cae. Epuc., 32, 366 (1955). 
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A SIMPLE MODEL FOR VAN DER WAALS “‘a”’ 


STEPHEN S. WINTER 
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reduced. The measured pressure is therefore less than 
that postulated by the kinetic theory of the ideal gas. 


Prmeasured = Pideat P internal 


The correction, P;,,, to the ideal pressure depends 
first upon the number of molecules that reach the wall, 
and second upon the number of collisions each of them 
has made in their flight across the container. Both 
of these quantities are proportional to the density of 
molecules, or n/V. P,,, is therefore proportional, 
with the proportionality constant a, to n?/V*. Then, 


Pine = a X n?/V? = n*a/V? 
and: 
Pressured = Pideai — n*a/V? 


The pressure, P, in the ideal gas equation is the ideal 
pressure. It should be replaced by Prressurea + 
Making this substitution in : 


PV = nRT 


leads to: 
(P + n*a/V*) V = nRT 


which, with the usual volume correction, gives the van 
der Waals equation: 


(P + n*a/V*) (V — nb) = nRT 


TEACHERS 


Te quality of science teaching at the high-school 
level is a topic of concern to thoughtful persons every- 
where, and with justification. The problems that beset 
high-school science teachers are many. One problem 
is their general inadequacy of preparation for the job 
that needs to be done, and a second is the general low 
esteem or lack oi prestige that seems to go with the 
position. 

A training program was conceived of and is coordi- 
nated by the writer. Fundamentally the plan enlists 
the aid of local science-based industries in solving prob- 
lems of high-school science education. It has developed 
out of the realization of the relationship which exists 
between the quality of science instruction, technological 
progress, and the economic well-being of our nation. 
Furthermore the program recognizes the strategic 
role of the high-school science teacher in identifying 
students of high science potential and thus influencing 
them to choose careers in science. 

High-school science teachers of the Niagara Frontier 
have been invited to participate in a series of refresher 
lectures, an in-service training program, which is spon- 
sored by local industry. Fifteen sessions per semester 
are planned for consecutive Wednesday evenings. 
Some of these meetings are held at the plant facilities 
and the remainder at a downtown hotel. In the former 
case the program consists of dinner, a guided tour of 
plant operations, and lecture-demonstrations appro- 
priate to the industry. In the latter case the technical 
program is preceded by a cocktail hour and dinner. 
The industrial organizations pick up the check for the 
group of 30 science teachers and the selected represen- 
tatives of the host industry. The cocktail-hour—dinner 
type of meeting is important to the program, for it is 
here that science teachers and industrial personnel can 
mingle freely, rub elbows, break down the barriers if 
such exist, and really learn what the other person is 
like. 

The program is limited to 30 teachers per semester 
for reasons of space, cost, and efficiency. The first 
series of meetings was held in September, 1954, with 
the second round beginning in February, 1955. A 
third group of 30 high-school science teachers was 
registered for the third round of refresher meetings 
beginning in September, 1955. The program is now 
in its fourth round with 30 teachers participating, 
one from each of 30 different high schools of the Niagara 
Frontier. 


AN INDUSTRY-SPONSORED IN-SERVICE TRAIN. 
ING PROGRAM FOR HIGH-SCHOOL SCIENCE 


ROLLAND J. GLADIEUX 
Kenmore Senior High School, Kenmore, New York 


The lectures and demonstrations deal with topics 
in modern chemistry and physics related to the science- 
based industries of the Niagara Frontier. The scien- 
tists who have been assigned to this project by their 
respective companies are among the best in the area. 
They are recognized leaders and authorities in their 
special fields. It is evident that the participants 
could not buy the unique content of this program for 
any price. Typical of their comments is, “It is some- 
thing I have wanted for years!” 

The only briefing that has been given speakers is 
that their presentation be given a “principles of sci- 
ence” approach, that the talk relate in some way to 
the industry’s problems, processes, and/or products, 
and that the information be such that it can be reflected 
in enriched classroom teaching. Animated discussions 
have followed the talks. 

A typical topic is “The story of power on the Ni- 
agara Frontier.” Many giants of science, industry, 
and technology are involved in this story of America’s 
great free enterprise, including Edison, Brush, Tesla, 
Westinghouse, Stanley, and Steinmetz. Another topic 
is “A historical survey of the chemical and electro- 
chemical industries of the Niagara Frontier.” Here 
again the story is replete with such titans as Hall, 
Acheson, Castner, and Wilson. 

Some of the topics have been selected because they 
have not yet found their way into textbooks and 
courses of study, for example, the automation of in- 
dustrial processes and the role of electronic com- 
puters in industry. Other topics were selected be- 
cause they are concerned with science-related current 
controversial issues, such as industry’s side of the prob- 
lem of water and air pollution, and free enterprise ver- 
sus governmental power development. Still other 
topics were chosen simply to bring the teacher's 
knowledge up to date, for example, ‘Developments in 
silicon chemistry,” “Semi-conductors and the tran- 
sistor,”’ and “Nuclear power plant development.” 

What does the teacher gain from this program’ 
As already mentioned, an up-dating of his knowledge 
of science. The rapid developments in science tend 
quickly to outpace one’s formal university training. 
He receives a lift in morale by knowledge of the {act 
that industry does recognize his strategic importaice, 
that industry is interested in and concerned with his 
problems. This could well result in a boost in teacher 
enthusiasm which is so vital in the classroom. In 
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addition, each teacher receives two units of credit 
from the New York State Education Department for 
renewal of his teaching license and for placement upon 
salary schedule. Besides giving the endeavor its 
official blessing, the State Education Department is 
most enthusiastic over its potentialities for improving 
the quality of science instruction. It is sending its 
own representatives to the meetings. 

What will industry gain from the program? It is 
the writer’s opinion that science teachers in general 
will be everlastingly grateful to the agency that gives 
them recognition for the job that they are doing, raises 
their social status, or enhances their prestige. High- 
school science teachers can and will imbue the boys and 
girls in their care with the role that industry has played 
in shaping our society, and develop attitudes favorable 
to industry in the minds of high-school students. 
Although the subject matter of the lectures is con- 
cerned basically with principles of science, nevertheless 
the whole program helps to make both students and 
teachers industry-conscious by emphasizing industry’s 
free enterprise system. Furthermore, industry is a 
buyer of scientific personnel. The scientists and en- 
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gineers of tomorrow are in our schools today; their 
knowledge, skills, and attitudes are being molded by 
the high-school science teacher. So the project is a 
two-way street, with benefits being received by both 
science teachers and industry. 

The cooperation by industry in the program is out- 
standing. About 40 industrial organizations of the 
Niagara Frontier have participated in the program in 
one or more ways. Financial contributions from the 
industries are used for providing teacher participants 
with memberships in science-teacher organizations and 
professional scientific societies and with subscriptions 
to scientific journals. In addition, most of the in- 
dustries have provided educational literature dealing 
with the history and romance of their company’s 
product. 

This is the Niagara Frontier’s answer to the prob- 
lems of the high-school science teacher, problems long 
recognized, but too long unresolved. Ultimately so- 
ciety will benefit from the solution of these problems, 
not only from the point of view of the training of 
future scientists, but also from the perspective of the 
development of future citizens. 


THE WASHINGTON AREA SCIENTISTS-FOR- 


TEACHERS PROGRAM 


A UNIQUE cooperative project between the scientists 
and engineers and the secondary schools took place 
in the Washington area in March, 1956. Over 700 
technical persons replaced 350 science teachers to 
permit them to attend sessions of the National Science 
Teachers Association meeting in Washington at that 
time. 


ADMINISTRATION 


When it was first learned that the annual convention 
of the NSTA would convene in Washington in the 
spring of 1956, the scientists of the area felt that a 
mass attendance of the meetings by local science 
teachers would be especially beneficial to them and 
would greatly stimulate the teaching of science. 
Unfortunately, the school budgets did not permit 
hiring substitutes to allow teachers to attend meetings, 
even if such a large number of competent substitutes 
were available. The idea was presented that perhaps 
scientists and engineers would be willing to serve 
Without compensation to discuss their own fields 
of interest, rather than follow regular classroom 


JOHN K. TAYLOR 
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assignments. A preliminary survey indicated that 
the plan was feasible and school authorities agreed to 
cooperate. A committee was established, an office 
was set up, and detailed plans were laid. 

The sponsoring organizations—the Washington Acad- 
emy of Sciences and the District of Columbia Council 
of Engineering and Architectural Societies—asked 
governmental and private laboratories in the area 
to cooperate in furnishing a total of 1000 individuals 
who could be assigned to teaching positions for 
either a half day or a full day during the two days of 
the teachers’ convention. The technical societies 
also gave the project publicity at their meetings and 
through their news letters and local publications. 
More than 1500 qualified scientists and engineers 
offered their services. Meanwhile, the science super- 
visors of the secondary schools were busy informing 
the teachers of the opportunity, urging their full partici- 
pation, and distributing the necessary application 
forms. 

The committee was assisted in making the final 
assignments by volunteers from the ranks of the 


49 
‘ 


462 


National Bureau of Standards Comes to Leland Junior High School 


Gordon M, Kline, chief of the Division of Organic and Fibrous Materials at N. B. S. tells G. P. Gray's general 
science class in Bethesda, Maryland, about plastics. When this picture was taken, Mr. Gray was touring the was 


National Institute of Health as a feature of the NSTA program. 


scientists and teachers. The latter were especially 
helpful in advising of any special situations in various 
localities which needed consideration. The details 
of implementation required the services of a full- 
time secretary. The subject areas represented by 
the 350 participating teachers were as_ follows: 
chemistry, 50; physics, 50; biology, 100; general 
science, 150. Many of the engineers substituted in 
general science classes. The assignments most. diffi- 
cult to fill were in biology because of the small number 
of biologists in the area and the large number of 
positions to be filled. Accordingly, biochemists were 
used in some of these locations. Assignment records 
were made in quadruplicate with copies to the scien- 
tist, the teacher, the school principal, and to an area 
chairman whose duty it was to make a final check on 
the accuracy of the operations. The substitutes were 
asked to talk with the teacher to be replaced and to 
visit the location prior to their tour of duty. 


A TYPICAL ASSIGNMENT 


The writer had a full-day assignment to a chemistry 
class at Northwestern Senior High School in Prince 
Georges County, Maryland. His experience was 
typical of many others and will be given in some detail. 
A short conference was held with the teacher several 
days before the assignment to learn the background 
of the pupils and to arrange for some special facilities 
in connection with the electrochemical demonstrations 
to be given. 

On the day of duty, the regular teacher arranged for 
a monitor in each class to take attendance records and 


to assist with several ad- 
ministrative details. Ap- 
other student escorted the 
writer to lunch and intro. 
duced him to faculty mem- 
bers at the faculty table. It 
was evident that every ef- 
fort was made to make the 
day a pleasant and profit- 
able one. 

The class period was de- 
voted to an illustrated lec. 
ture on the development of 
electrochemistry its 
earliest beginnings to mod- 
ern-day applications in elec- 
troanalysis. The contribu- 
tions of many scientists 
to our present knowledge 
of electrochemistry were 
stressed. As a demonstra- 
tion, an indicating pH meter 
was used and the relation- 
ship between electrode po- 
tential and concentration 
experimentally de- 

rived. From this, a poten- 

tiometric titration curve 
was predicted and experimentally verified to emphasize 
our modern theoretical understanding of electrochemis- 
try. A few minutes were reserved at the end of the 
period for questions and class discussion. 

The last class of the day was in biology rather than 
chemistry. It seems that it is not unusual for science 
teachers to have mixed assignments and this was 
problem encountered by the committee in setting up 
the substitute program. Since it was not feasible to 
have a biologist for this single period, the writer com- 
pleted the daily schedule for the teacher he replaced. 
Accordingly, the lecture was modified in level and 
content and consisted of a discussion of the relation 
of chemistry to other fields of science. 


EVALUATION OF THE PROJECT 


Discussions with scientists participating in the 
program revealed that student interest was greater 
than would have been anticipated. Behavior problems 
were almost nonexistent. A number of the students 
returned at the end of the day to discuss science fair 
projects or other items of interest to them. There 
were even reports of instances in which nonscience 
students cut other classes to listen to the science 
lectures. Some expressed the opinion that they were 
being “left out” by not being included. 

Because of the over-subscription of volunteers, 4 
large number of scientists were unassigned. On 
learning of this, one science supervisor requested that 
some of these be assigned to talk to elementary-school 
assemblies. A group of engineers from the Army 
Engineering and Development Laboratories at Fort 
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Belvoir, Virginia, undertook this task. They pre- 
sented technical movies and demonstrations and made 
a big impression on the children. It is regretted that 
this type of activity was not attempted on a larger 
scale. 

A post-project survey by supervisors, teachers, and 
scientists has convincingly demonstrated the value of 
the effort, Teachers have expressed the view that 
they would have been better able to follow up the 
project had they been present. Accordingly, it is 
proposed to make this an annual event. Scientist day 
could be made to coincide with the birthday of some 
famous scientist or to commemorate some scientific 
discovery of widespread application. School-wide 
publicity could be given to such a celebration to 
increase its effectiveness. 


JOINT BOARD FOR SCIENCE EDUCATION 


The project was administered by the Joint Board for 
Science Education. Since this is a rather unique 
organization its function will be described briefly. 
There are some 25 societies affiliated with the Washing- 
ton Academy of Sciences and a like number of engineer- 
ing societies comprising the D. C. Council of Engineer- 
ing and Architectural Societies. The total technical 
membership of these societies is of the order of 20,000. 
Since many of these groups are interested in science 
education, it became imperative to coardinate their 
activities and to consolidate their approach to the 
schools in a systematic manner. The situation is 
further complicated since within a 25-mile radius of 
the capital are located three counties in Virginia, two 


in Maryland, and the District of Columbia comprising 
six separate school systems. 

The Academy and the Council established the 
Joint Board for Science Education composed of five 
members appointed by each organization. The Board 
has the function of coordinating the educational 
activities of the various societies and may initiate and 
sponsor programs that are not feasible for a less rep- 
resentative group. There has been established a 
school contact committee with a representative 
appointed for each of the 125 secondary schools in the 
area. This person becomes personally known to the 
science teachers and the principal in the school he 
represents and aids them in securing technical informa- 
tion and speakers for science clubs or special occasions, 
disseminates information on special technical programs 
of interest to students and teachers, and performs 
related services. The Board also coordinates the 
speakers bureaus of several societies and acts as a 
central agency for obtaining financial aid for the 
science fairs of the area. A science fair workshop has 
been planned for the teachers. 

The Joint Board has been successful in establishing 
liaison with the school boards of the area and has 
sponsored meetings to bring together the superin- 
tendents, science supervisors, and scientists to discuss 
general problems of science education. Although 
only in its first year of operation, the Board has dem- 
onstrated that it can promote better understanding 
and cooperation between the scientific community 
and the school systems in the solution of problems in 
science education of concern to both groups. 


Tue Editors of ruts JouRNAL are grateful to Robert Sauer of North Central College, Naperville, 


Illinois, for calling attention to the incorrect formulas printed to represent the reaction forming 


tetrazolium salts. 
tion (4) should read: 


(See, Cueronis, N. D., AND H. Srein, THIS JOURNAL, 33, 120 (1956)). 
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(4) 
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| H 
Ci- N=—=N- —C,.H; 
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Some considerable time after the discovery that elec- 
trolyte solutions conduct electricity, it was found that 
during electrolysis the concentrations of the solutes 
changed near the electrodes. Hittorf in 1853 first 
attributed this phenomenon to the different velocities 
of the ions in solution, and to measure these concentra- 
tion changes quantitatively the term transference or 
transport number was introduced. With the develop- 
ment of theory various definitions of this term appeared, 
but the quantities given by some of these definitions, 
though useful theoretically, correspond to the measured 
concentration changes only in certain cases. A defini- 
tion fitting into the latter category is the only one given 
in practically all textbooks,’ without any added com- 
ments as to its restricted applicability. This causes 
much confusion when attempts are made to interpret 
experimental data. This definition will be compared 
below with two others in common use, and their 
relationships both to the experimental concentration 
changes and to the concentrations, mobilities, and 
charges of the species in the solution will be discussed. 

The general textbook definition reads: The transference 
or transport number of an ion in a given electrolyte solution 
is the fraction of the total electric current carried in the 
solution by that ion (1). To distinguish this quantity 
from that given in other definitions, it will be called 
the electrical transport number of ion i, t. The nomen- 
clature and symbols adopted here are modifications of 
those suggested by McBain,‘ Alberty,® Scatchard,® and 
others, and are summarized in the accompanying list. 
It follows that ¢; must always be positive and that: 


= 1 


! Suggestions and material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, University of South- 
ern California, Los Angeles, California. Contributors of dis- 
cussions in a form suitable for publication directly will be ac- 
knowledged as guest authors. 

2? Present address: University of Melbourne, Melbourne, 
Australia. 

3 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be pre- 
sented. 

4 McBain, J. W., “Colloid Science,’ D. C. Heath and Co., 
Boston, 1950, pp. 253-5. 

5 ALBerTY, R. A., J. Am. Chem. Soc., 72, 2361 (1950). 
6 ScatcuarD, G., J. Am. Chem. Soc., 75, 2883 (1953). 


(1) 


TEXTBOOK ERRORS: GUEST COLUMN 


VIII: The Definition of Transference 
Numbers in Solution 


M. SPIRO’ 
University of Toronto, Toronto, Canada 


As an example of the application of this definition, let 
us consider a Hittorf electrolysis experiment with 
aqueous zine chloride solution. In the cell: 


Zn, A b C, AgCl-Pt 


A, M, and C represent the anode, middle, and cathode 
compartments, respectively. If A and C are sufficiently 
large, observation shows that after one faraday of elec- 
tricity (96,500 coulombs) has passed through the cell the 
concentration of ZnCl, in M is unaltered while in A and 
C it is changed in such a way that the total ZnCl, con- 
tent of both compartments taken together has increased 
by one (electrochemical) gram-equivalent (provided a 
small correction is applied for the current carried by the 
solvent itself’). 

The experiment thus yields only one new quantity, 
namely the increase in the ZnCl. content in either A or 
C. The experiment has not told us how much of the 
current has been carried by the various ions (Zn*++, 
ZnCl+, ZnCl;~, Cl-) known to exist in the 
solution,’ and therefore the electrical transport numbers 
of the various ions cannot be measured directly. Let us 
see, however, whether they can at least be calculated 
from various types of experimental data. By consid- 
eration of the flux of ions passing across a plane in the 
solution, it can be shown that: 


uj |2zi| i mi Ai Ai Ci (2) 


The individual ionic concentrations can be found from 
spectrophotometric measurements, for example, and 
the problem becomes one of determining the individual 
ionic mobilities. In the above example we have five 
unknown mobilities, corresponding to the five ionic 
species, and only two equations connecting them, 
namely the conductance and the quantity found in the 
above Hittorf experiment. Calculation of ¢, for any of 
the ions is therefore impossible, no matter how much 
experimental information on the solution is at hand. 

However, it follows from the above analysis that it 
is possible to calculate the electrical transport numbers 
and the mobilities from experimental data if only two 
ionic species are present in the solution, but it will be 

7 Lonesworty, L. G., J. Am. Chem. Soc., 54, 2741 (1932). 

8 Ropinson, R. A., anp R. H. Stokes, “Electrolyte Solu- 


tions,’’ Butterworths Scientific Publications, London, 1955, pp. 
415-19. 
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shown later that these quantities can be rigorously de- 
rived from experiment only if it is known that the 
electrolyte is completely dissociated. In consequence, 
an approximate computation of ¢, is possible even in 
other cases if mobility values derived from work on 
other solutions are available as well as good theories 
of the effects of ionic strength, the specific interaction 
between ions, etc. on the mobilities. In our example, 
2°? can be approximately calculated if Azn++ is found 
from measurements on Zn(ClO,)2 solutions, where there 
is no reason to suspect incomplete dissociation or 
complex-ion formation,’ and if is obtained from 
measurements on solutions of the alkali chlorides which 
are known to be strong electrolytes. The electrical 
transport numbers of the other ions in the zine chloride 
solution cannot be calculated in this way. 

In equation (2) the mobilities of both cations and 
anions were taken as positive, in accord with the 
general practice. However, several workers*".'' have 
found it convenient to define the mobility in such a 
way that the direction of motion is taken into account. 
For this purpose they introduce the concept of posi- 
tive current or electricity which is that part of the 
current flowing through the solution which is carried by 
the positively charged ions moving from anode to 
cathode.'? The “signed” mobility, ,u, is then the 
velocity, under unit potential gradient, in the direction 
of positive current. By definition (I) the electrical 
transport number must be positive, so that: 


_ Mi Zi Mj Zi 


A second definition, which has been employed in 
the “signed” form,® yields what will be called the 
transport number of species i, ,7i, and reads: The trans- 
port number of a given species is the net number of gram- 
Jormula-weights of that species that crosses an imaginary 
plane in the solution, in the direction of positive current, 
when one faraday of electricity passes across that plane 
(IIs). The word “species” refers to the ion or molecule 
considered, and the plane is generally regarded as 
fixed with respect to the solvent. This transport num- 
ber of a species also cannot be measured if the electrolyte 
is not completely dissociated, but definition (IIs) does 
take into account any transfer of undissociated solute 
molecules, whether or not they are in equilibrium with 


’ Strokes, R. H., anp B. J. Levien, J. Am. Chem. Soc., 68, 
333 (1946). 

Noyes, A. A., AND K. G. J. Am. Chem. Soc., 33, 1436 
(1911), 

Hartuey, G. ano J. L. Proc. Roy. Soc. (Lon- 
don), A140, 141 (1933). 

" It is probably better, from the educational point of view, not 
to stress this aspect, since enough confusion arises from the terms 
current flow and electron flow through a wire without adding to 
it by dividing the current through the solution into two parts. 
This method of treatment is given here as an alternative because 
it is becoming very popular, and it is valuable in cases such as 
electrophoresis where the direction of motion is not always known 
a priori. 


the ionic species (e. g., C-HsOH molecules in an aqueous 
alcoholic zine chloride solution). In the latter case, 
the transport number of the second solute may be 
directly determined by analysis. Such polar molecules 
appear to be transported by being imbedded in, or 
carried along with, the layer of solvent surrounding the 
ions.'* In terms of the properties of the species: 


sui mi zi > ri mi Zi > ai 


The method of calculating these values is analogous 
to that for calculating ¢,. 

Both these definitions suffer from the defect that they 
define transfer properties of the ions and molecules in 
the solution, whereas experimentally we can determine 
only the over-all material transfer of electrolyte (or 
over-all current), and only indirectly can we discover 
how much of this electrolyte transfer (or current) should 
be attributed to each of the various species in the solu- 
tion. If, then, we want to define a directly observable 
quantity we must realize that we are measuring the 
concentration change, not of a free ion, but of an ion 
constituent® (or radical’ '*), An ion constituent 
is the ion-forming portion of an electrolyte without 
reference to the extent to which it may actually exist in 
the dissociated state.” Thus in aqueous zinc chloride 
solution, the zine ion constituent exists only partly 
in the form of free Zn*+* ions and exists also in the form 
of species such as ZnCl*, ZnCh, ete. It is the concentra- 
tion of zine ion constituent, not that of free zinc ions, 
that is found by chemical analysis (e. g., by precipita- 
tion as ZnS), and the concentration of zinc ion constitu- 
ent in gram-ions is equal to the total number of gram- 
ions of zinc contained in all the individual species in the 


18 Gorvon, A. R., Ann. Rev. Phys. Chem., 
List of Symbols Employed 


Normality of solute (gram-equivalents of solute per liter 
of solution) 

Normality of species i; = mj|2zi|; = mj Zi 
Faraday constant (96,500 coulombs gram-equivalent ~') 

Electric current in amperes carried by solute 

Electric current carried by species i 

Molarity of species i (gram-formula-weights per liter of 
solution ) 

Number of gram-equivalents of ion constituent R in one 
gram-formula-weight of species i 

Electrical transport number of species i 

Transport one of species i 

Transference number of ion constituent R 

Mobility of species i (velocity in em. sec.~! unde ‘ra po- 
tential gradi ient-of one volt em.~!); uj = Aj\/F 

Mobility of ion constituent R; tr = Ar/F 

= Potential gradient in volt em. 

Algebraic electrovalence per formula of species i i 
per gram-formula-weight of species i); | 2; | 

zi? 
Algebraic dee Rennes per formula of ion constituent 
R; |zr| = + V zr 

Equivalent iF il of species i in gram-equiva- 
ohm~' cm.? 

Equivalent conductance of ion constituent R 

Equivalent conductance of the whole solution: Ac = 


> unless otherwise indicated 
i 


(38) 


1, 59 (1950). 
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solution. Svensson’ calls species like Zn++, ZnCl+, 
ZnCl, etc. “subspecies” of the zine ion constituent. 
In symbols the latter is written either as Zn ion constit- 
uent, or as Zn** constituent, and since all equations 
refer to solutions, the subscripts Zn and Zn*+* distin- 
guish between zinc ion constituent and zinc ion respec- 
tively. This brings us to the definition of what will be 
called the transference number of the ion constituent R, T'x: 
The transference number of a cation or anion constituent 
is the net number of (electrochemical) gram-equivalents of 
that ion constituent that crosses an imaginary plane in the 
solution, in the direction of the cathode or anode respec- 
tively, when one faraday of electricity passes across that 
plane”. (III). The plane is generally taken as 
fixed with respect to the solvent. It follows that: 


= 1 
R 


because the total number of gram-equivalents of all 
the ion constituents so transferred in both directions is 
equal to the number of faradays passed through the 
solution.” As an illustration, let us consider compart- 
ment A in the above Hittorf experiment after the pas- 
sage of one faraday through the cell, the current having 
been corrected for the conducting matter present in the 
solvent itself.’ One gram-equivalent of solid zinc 
has dissolved to give zine ion constituent in solution, 
TE gram-equivalents of zinc ion constituent have 
migrated across plane P toward the cathode, and 
TAC gram-equivalents of chloride ion -constituent 
have migrated across P toward the anode. Thus A has 
gained 1 — oram-equivalents of zinc ion 
constituent (equation (4)) and T2{C" gram-equivalents 
of chloride ion constituent, 7. e., Tach gram-equivalents 
of zine chloride. Similarly C has gained 772°" gram- 
equivalents of zinc chloride. The transference numbers 
are therefore directly obtained by chemical analysis of 
A and/or C, and no assumptions regarding the detailed 
composition of the solution are needed. Definition 
(III) is also applicable to a second, undissociated solute 
such as C,H;OH if the term gram-equivalent is replaced 
by the word gram-formula-weight as in definition (II). 

A detailed analysis of the flux of ion constituent car- 
ried by the various species across a plane in the solution 


gives: 


Ai mi D ri ci 


Care should be taken to distinguish between zp and 
z. The term (zx/|zr|) in front, which equals +1 if R 


(4) 


JOURNAL OF CHEMICAL EDUCATION 


is a cation constituent and —1 if R is an anion constitu- 


. ent, allows for the directional factor mentioned in defini- 


tion (III), while the analogous terms (z\/|zi|) account 
for the fact that cations and anions carry a given ion 
constituent in opposite directions. As an example 
see the equation at the bottom of this page. The 
uncertainty of sign preceding Azaci, signifies our un- 
certainty as to whether there is a net transfer of un- 
dissociated molecules in the direction of the anode or 
the cathode. It seems likely, however, that the nu- 
merical value of the equivalent conductance of a molec- 
ular species like ZnCl, is much smaller than that of an 
ionic species. 

It has been found experimentally that in concentrated 
zine and cadmium halide solutions the transference 
number of the metal ion constituent is negative, so that 
there is a net transfer of the metal ion constituent from 
cathode to anode. Inspection of the last equation 
shows that this is not surprising in view of the fact that 
in concentrated solutions of these salts a large propor- 
tion of the metal is in the form of the negatively 
charged and electrically mobile halide complexes.’ 
However, there are some peculiar explanations of this 
phenomenon by those textbook writers who employ 
only definition (I) for theoretical discussions and who 
do not realize that the number obtained experimentally 
is that given in definition (III). McBain‘ gives a de- 
tailed numerical treatment of the differences between 
definitions (I) and (IIT) by using as his example a simple 
polyelectrolyte solution in which micelle formation also 
leads to negative cation constituent transference num- 
bers. 

It is important to note that the transference numbers 
given in definition (III) depend on the choice of ion 
constituents. For example, in an aqueous solution of 
H;PO, the only ions existing in appreciable numbers are 
H+ and H2PO,-, since the second dissociation constant 
of the acid is much smaller than the first. It is then 
possible to choose as the constituents either H+ and 
or H+ and HPO,-~, or H+ and PO,~’, and 
applying equation (5): 


HPO 
Tipo. = 


AH PO. + AH + 


HPO, 


All these equations are equally valid and there is no 
ambiguity as long as the ion constituents are stated and 
the experimental concentration changes interpreted on 
the same basis, for each mole of H;PO, contains one, two 
and three gram-equivalents of H2PO., HPO,, and 


++ + + Agncwznch — 


14 Svensson, H., Acta Chem. Scand., 2, 841 (1948). 
1% MacInnes, D. A., anv L. G. Lonaswortu, Chem. Revs., 
11, 171 (1932). 


+ 


PQ, ion constituents, respectively. The only condi- 
tion restricting the choice of ion constituents is that it 
must be possible to express the chemical formula of 
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every species in the solution as an additive function of 
the chemical formulas of the ion constituents. Thus in 
the zine chloride solution Zn++ and Cl-, but not Zn*+* 
and ZnCl+, can be chosen as the constituents, for in the 
latter case the formula of, for example, the chloride ion 
could be represented only as the difference ZnCl*+— 
Zn++ instead of as the sum of some combination of the 
ion constituent formulas. It follows that if, in the 
former example, the dissociation constants of phosphoric 
acid had not been known, it would have been necessary 
to pick H+ and PO,~* as the constituents in case ions 
such as HPO,~~ and PO,~* existed in the solution in 
appreciable numbers. 

Since it is the ion constituent transference number 
that can be related directly to the experimental con- 
centration changes, it is evident that the electrical 
transport number can be experimentally measured if 
the two numbers are identical. For this to be so, 
the electrolyte must be completely dissociated into its 
ion constituents and no complex ions or molecules must 
exist that contain more than one ion constituent, so 
that, practically speaking, the terms ion and ion con- 
stituent become synonymous. In the special case of a 
strong electrolyte that is also uni-univalent, such as 
NaCl in aqueous solution, all three definitions reduce 
to the same form: 


pNacl 
Nat 


The transference number chapter in most textbooks in- 
cludes as examples mainly electrolytes of this kind, so 
that the limited practical utility of definition (I) is 
not apparent. 

Two common misconceptions arise from the confusion 
between definitions (I) and (III). One is that the 
product of the transference or transport number and 
the equivalent conductance is proportional to the mo- 
bility of a single ion. This, however, is true only if 
the electrical transport number is employed, and since 
it is the ion constituent transference number that is 
measured the multiplication gives: 


= in = G2) (2) (6) 


The ion constituent R will therefore migrate as a uni- 
form substance with a mobility ap, provided the time 
of existence of each species in the solution is small 
compared to the time of migration.® '‘ If the electro- 
lyte is completely dissociated, i, is proportional to the 
mobility of one ion if a proper choice of ion constituents 
has been made. The second misconception is that the 


mobilities of the ions, obtained from work with com- 
pletely dissociated electrolytes, are absolute velocities, 
whereas equation (7) shows that they are really 
velocities relative to the imaginary plane mentioned 
in definition (ITT). 


Although a reference plane is also 


467 


used in deriving equation (2), it is often overlooked be- 
cause definition (I) does not refer to it. This plane is 
generally regarded as fixed with respect to the solvent, 
and the transference numbers are calculated from the 
experimental data on this basis." '* 

The alternative “signed” form of definition (III) 
reads: The transference number of an ion constituent is 
the net number of (electrochemical) gram-equivalents of 
that ion constituent that crosses an imaginary plane in the 
solution, in the direction of positive current, when one 
faraday of electricity passes across that plane (IIIs). 
.7'n is then usually positive for a cation constituent and 
negative for an anion constituent. The corresponding 
equations are: 


ZR 
1 (48) 
mj 2 > Zi > ari ai ( 


In the above discussion, the only experimental 
method for measuring transference numbers that was 
cited was that devised by Hittorf, and this is largely re- 
placed today by the moving boundary and other 
methods. The same arguments, however, apply to all 
of these, and it is the transference number of the ion 
constituent that is experimentally observed. As an 
example, the passage of current in the illustrated two- 
salt moving boundary system results in the replacement 
of the ZnCl, solution by the “indicator” LiCl solution 
as the boundary descends, provided the solutions are 
not too concentrated. The same number of gram- 
equivalents of zinc ion con- 
@ stituent that is swept down- 

ward by the boundary 

passes also across plane MN 
| further down the tube, and 

hence, by definition (IIT), 

the number of gram-equiva- 

lents of zine ion constituent 

in that volume of solution 
3) that the boundary sweeps 
lies out when one faraday flows 
through the cell is 772°". The velocity of the bound- 
ary is aZ2C* X%Ck_ The general proof, and details of 
two small corrections that must be applied, are given by 
MacInnes and Longsworth.'® 
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* SOME ASPECTS OF HYDROGEN 


INORGANIC CHEMISTRY 


Te discussion of hydrogen bonding in the general 
chemistry course usually is limited to the study of the 
effect which this type of linkage has on the boiling 
points of a few compounds such as water, ammonia, 
and hydrogen fluoride; and since so few students 
specialize in inorganic chemistry for advanced study, 
the extent and importance of the hydrogen bond in this 
field is generally not appreciated. The purpose of 
this review is to present some of the research which is 
illustrative of the methods used and the results ob- 
tained with a variety of inorganic compounds in which 
hydrogen bonding is one of the structural features. 
Aspects of the subject which have been treated pre- 
viously in THIS JOURNAL, such as the conductivity of 
water (/) and the effect of hydrogen bonding on melting 
point, boiling point, and heat of vaporization (2), will 
not be included. 


HISTORY 


Although the phenomenon of association was known 
to chemists in a general way at a very early date, the 
recognition of the existence of the hydrogen bond was 
foreshadowed in the molecular weight determinations 
of organic compounds in the last decade of the nine- 
teenth century, when Nernst and other chemists 
demonstrated the existence of polymerized molecules 
by the study of distribution coefficients between 
immiscible solvents (3). In 1913, Moore and Winmill 
(4) studied the ionization of the aqueous solutions of 
methylamine, dimethylamine, trimethylamine, and 
tetramethylammonium hydroxide. The first three are 
weak bases; the last is strong. Adopting Werner’s 
general notions of tetrahedral coordination in these 
compounds (5), Moore and Winmill pointed out that 
in the weakly basic amines a hydrogen atom of a 
water molecule must be attached to nitrogen (thus 
constituting what we would today call a hydrogen 
bond), but that this is impossible in the tetramethyl 
compound. Furthermore, on the basis of a theory of 
residual affinity within the amine molecule they ex- 
plained that the force of attraction between the central 
nitrogen and the hydrogen of a water molecule would be 
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very weak, while the force holding this hydrogen to 
its hydroxyl would be very strong, hence the weak- 
ness of all such bases. This conclusion clearly antici- 
pates later thermodynamic studies on the weakness of 
the hydrogen bond. 

The establishment of the fundamental concepts of 
the electronic theory of valence in 1916 by G. N. Lewis 
and W. Kossel opened the way for the modern con- 
cept of the hydrogen bond. The idea was first postu- 
lated by Huggins in an unpublished work in 1919 (6). 
Shortly thereafter Latimer and Rodebush (7) inde- 
pendently announced the existence of the hydrogen 
bond, and recognized its importance and extensive oc- 
currence by using it to account for the association and 
high dielectric constants in water and hydrogen 
fluoride, the dimerization of acetic acid, and the weak- 
ness of ammonium hydroxide as an electrolyte. 

The first important structural evidence of the ex- 
istence of hydrogen bonding came from the analysis 
of X-ray data in 1922 (8). Although X-rays do not 
locate hydrogen atoms, Bragg (9) was able to con- 
clude on the basis of a simple ionic structure that in 
ice hydrogen atoms are always located between two 
oxygen atoms, and Rinne also concluded that in 
sodium bifluoride the hydrogens are between two 
fluorine atoms (10). Since that time an abundance 
of evidence obtained by various types of measurements 
has been accumulated which shows that the phe- 
nomenon of hydrogen bonding is very widespread. 


NATURE OF THE HYDROGEN BOND 


A hydrogen bond may be considered to exist be- 
tween two atoms whenever there is evidence that « 
hydrogen atom is located between them and serves to 
bind them in a manner to be explained shortly. The 
two atoms may be alike or different, and may be in the 
same molecule or in different molecules. The products 
of this association may be dimers or large polymers, 
with a linear, open-chain, or ring structure. The 
energy required to disrupt a hydrogen bond is abou! 
five kilocalories per mol for most substances, as con- 
trasted with covalent and ionic bond energies of 75-- 
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100 kilocalories per mol. Interatomic distances be- 
tween the two bonded atoms range from 2.5 to 3.5 A. 
The shorter the distance, the greater is the strength of 
the bond. 

Why should hydrogen form these bonds? For 
general purposes, a reasonably complete answer can 
be given from the viewpoint of a classical electrostatic 
approach. In a given molecule, such as R:X:H, the 
hydrogen is practically devoid of electronic shielding, 
especially if X is a highly electronegative atom. If 
such a molecule comes very close to the molecule 
:Y:Z in which Y is also highly electronegative, the 
latter will be attracted toward the positive hydrogen, 
and will be capable of close approach because of the 
small size of the hydrogen, thus joining X and Y into 
a hydrogen bond. The expectations of the influence 
of electronegativity are borne out by the observations 
that hydrogen bonds form only with the most electro- 
negative elements: fluorine, oxygen, nitrogen, chlorine 
(and, in some cases, carbon). The electrostatic pic- 
ture of the bond frequently is nullified for students by 
writers who represent the formulas of associated hy- 
drogen bonded polymers as if each hydrogen had two 


covalent bonds; e. g., :0:H:0:H. Such a formula 


should never be presented without a statement that 
quantum mechanical considerations show that hy- 
drogen has only one stable bond forming orbital (1s), 
and hence is limited to a covalence of one. (The 
hydrogen bridges in borohydrides are neither hydrogen 
bonds nor two electron covalent bonds in the classical 
sense, and are not included in this review.) 

Although most investigators adhere to the simple 
electrostatic model, all of them agree that this one ex- 
planation is not sufficient to account quantitatively 
for all of the phenomena associated with this type of 
linkage. A quantum mechanical formulation con- 
siders the contribution of the resonance forms RO—H- 
OR, and RO-H-—O+R, (11). Now the advocates of 
the electrostatic picture, while not denying the possi- 
bility of resonance, nevertheless claim that it consti- 
tutes a negligible portion of the energy involved in 
formation of the bond. This position is exemplified 
by the statement of Pitzer (72), who says that while 
resonance “undoubtedly makes some contribution, the 
empirical fact that hydrogen bonds occur only with 
small, very electronegative atoms indicates that the 
electrostatic energy is the important one.” Neverthe- 
less, as more and more theoretical and experimental 
work is being done, investigators are insisting that the 
quantum mechanical aspects of the hydrogen bond 
should be given more consideration. 
tion taken by Lippincott and Schroeder (//) and also 
by Lord and Merrifield (13), who point out that the 
complex features of infrared spectroscopy are incom- 
patible with the simple electrostatic model. Various 
writers have considered both aspects of this problem 
(14). 


Such is the posi- © 


After considering the fundamental nature of the hy- 
drogen bond, the next question which naturally pre- 
sents itself is whether or not the hydrogen bond is 
symmetrical. This point will be discussed for the in- 
dividual compounds which are treated in the rest of the 
review. 


ENTROPY ARGUMENT FOR THE EXISTENCE OF 
(HYDROGEN BONDS) 


The problem of the symmetry of the hydrogen bond 
in some compounds has been resolved by the applica- 
tion of the concept of entropy. Although entropy 
may be defined in various ways, the fundamental 
notion underlying all of them is that an increase of 
entropy in any change involves an increase in ran- 
domness of particle distribution. Furthermore, any 
increase in randomness for a given change implies that 
there is a multiplicity of choice in the final state avail- 
able to the particles of the system. Thus, in molecular 
crystals, entropy studies may be utilized to decide 
whether there is the possibility of only one unique con- 
figuration available to the molecules (corresponding to 
zero entropy at extremely low temperatures), or if there 
is a multiplicity of orientations which they may take 
(resulting in some residual entropy even at very low 
temperatures). 

The evidence concerning the positions of hydrogen 
atoms in ice began accumulating around 1930 in the 
disagreement between measured entropy changes and 
those calculated from low-temperature heat-capacity 
determinations. Although the cause of this dis- 
crepancy was not known, investigators in this field 
suspected that the calculation of entropy from the re- 
lation fo’C, d In T, where C, is the molal heat capacity 
at constant pressure and 7' the absolute temperature, 
broke down in the case of water at very low tempera- 
tures. This was verified in 1933 by Giauque and 
Ashley (16) who showed that the entropy of gaseous 
water at one atmosphere and 298.1°K. as determined 
by the above summation was lower by about one 
calorie per degree per mol (entropy units, e.u.)- than 
the entropy calculated from spectroscopic data. 
(Later a more accurate calculation of the spectroscopic 
value by Gordon (1/7) showed that the difference was 
0.87 e.u.) Giauque and Ashley presumed that the 
error was due to a false equilibrium in the calorimetric 
experiments. 

A few years later Pauling (78) proposed an explana- 
tion for this supposed error in terms of the positions of 
hydrogen atoms in ice, which may be summarized as 
follows. X-ray studies show that each oxygen atom 
in ice is surrounded tetrahedrally by four other oxygen 
atoms (hydrogen positions and the chemical species 


1 It is interesting to note that as early as 1922 A. O. Rankin, 
in discussing Bragg’s model of the structure of ice (9), speculated 
on the lack of symmetry of the hydrogen positions in ice: “My 
reason for suggesting this is that a hydrogen atom has only one 
electron to dispose of. If this electron be lent to the oxygen atom 
on one side of it, there is nothing left for the oxygen on the other 
side. Consequently, the binding forces would be different on the 


two sides, and one would expect uneven spacing” (15). 
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present are not revealed by X-rays). Then the as- 
sumptions are made that there is but one hydrogen 
along each oxygen-oxygen axis, and that this hydrogen 
is not at the midpoint. This is equivalent to saying 
that discrete water molecules exist in ice, joined by 
unsymmetrical hydrogen bonds. An ice crystal can be 
visualized as existing in different states resulting from 
the ability of the molecules to pass from one con- 
figuration to another. As ice is cooled to low tem- 
peratures its molecules have an equally probable chance 
of being immobilized into some one of the approximately 
equally accessible configurations; it does not pass into a 
uniquely preferred state, without the possibility of 
random choice of orientation. The relation between 
entropy and probability is given by the Boltzmann 
equation (19) S = k In W, where S is the entropy, k 
the Boltzmann constant, and W the number of posi- 
tions available to each hydrogen along its oxygen- 
oxygen axis. By comparing the total of ionic and 
molecular arrangements of the four hydrogens sur- 
rounding a given oxygen with the number of arrange- 
ments allowed by the assumptions (7. e., only the con- 
figurations of molecular water), Pauling calculates a 
residual entropy of 0.805 e.u. for ice at low temperatures. 
This is in agreement with the supposed error of 0.87 
e.u. in the combined work of Gordon (17) and Giauque 
and Ashley (/6), and constitutes good evidence that 
the 0.87 e.u. is really an experimental measurement of 
the residual entropy of ice and that Pauling’s assump- 
tion of an unsymmetrical hydrogen bond is a rational 
explanation of the thermal, spectroscopic, and X-ray 
data of ice. 

While Pauling was working out the above explana- 
tion, Giauque and Stout (20) were conducting heat- 
capacity measurements on ice to test the presumption 
of Giauque and Ashley (/6) that the residual entropy 
was due to a false equilibrium. Extremely careful ex- 
periments in which ice was cooled slowly and rapidly 
to low temperatures or allowed to stand for a long 
period of time at low temperatures showed no differ- 
ence in the thermal properties of ice. With the aid 
of spectroscopic data Giauque and Stout calculate a 
residual entropy of 0.82 e.u., which they point out is in 
excellent agreement with Pauling’s theoretical value of 
0.805 e.u. Neutron diffraction of deuterium oxide re- 
veals a pattern which supports Pauling’s model of 
unsymmetrical positions for the hydrogen or deuterium 
(21). 

Although the Pauling treatment of ice is a most com- 
pelling one from the standpoint of explaining the resid- 
ual entropy, other phenomena, such as certain elec- 
trical properties, are not compatible with it, and the 
problem of the structure of ice has not been solved 
completely. The situation has been summarized re- 
cently by Rundle (22). 

Although complete crystallographic studies have 
been made on comparatively few acid salts, the applica- 
tion of entropy to the study of hydrogen bonding in 
this class of compounds has revealed important in- 
formation. The crystal structure of tetragonal po- 
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tassium dihydrogen phosphate has been summarized 
by Slater (23) and Wells (24). This salt is an ionic 
crystal, consisting of a three-dimensional infinite net- 
work of complex dihydrogen phosphate ions. These 
are PO, groups surrounded tetrahedrally by other 
PO, groups and joined together by hydrogen bonds 
(25). The phosphate groups are arranged in layers, 
with a square arrangement in each layer. The po- 
tassium ions occupy fixed positions in the crystalline 
framework, and are of no concern to our discussion. 
This situation is very similar to the case of ice. If the 
same assumption made for the position of the hy- 
drogen between oxygens in ice is made for hydrogen be- 
tween oxygens at the corners of adjacent phosphate 
tetrahedra, the entropy argument for nonsymmetrical 
hydrogen bonds should apply. However, although 
ice and H:PO,~ are both dipoles, ice differs from KH.- 
PO, inasmuch as the latter has a Curie point of 122°K., 
i. e., the temperature below which spontaneous polari- 
zation of the dipoles takes place along a certain crystal 
axis. This means simply that below this temperature 
the crystal assumes a preferred state or configuration of 
lowest energy. This is a unique and ordered state, 
without randomness, and hence there will be no resid- 
ual entropy at extremely low temperatures. In ice, 
which exhibits no spontaneous polarization of its 
dipoles, no one orientation is preferred; all are of equal 
energy. Pauling’s entropy argument can be used for 
KH:2PO, only in a temperature range in which a 
display of randomness would be expected. This has 
been done theoretically by Slater (23) and experi- 
mentally from heat-capacity data by Stephenson and 
Hooley (26), who show that the entropy change from 
the ordered polarized state to the unordered random 
state at the Curie point can be attributed to the chang- 
ing orientation of the hydrogen bonds. The theoretical 
entropy change (as with ice) is R = In */, = 0.805 
e.u., and the experimental value calculated from the 
heat of transition at the Curie point is 0.74 e.u. This 
agreement is satisfactory and supplies good evidence 
for an unsymmetrical hydrogen bond. Similar con- 
clusions can be drawn from the heat capacity measure- 
ments of NHyH2AsO, (27) and AgeH;IO, (28). 

The symmetry of the hydrogen bond in KHF, has 
been investigated from the standpoint of residual en- 
tropy by Westrum and Pitzer (29), but using an 
approach different from the method applied to ice and 
acid salts. The entropy change of a chemical reaction 
may be calculated from the equation AF = AH — 
TAS if AF can be calculated from the experimentally 
determined equilibrium constant and AH computed 
from heat-capacity measurements at different tem- 
peratures. Another method for calculating AS is to 
evaluate absolute entropies from heat-capacity data 
by use of the relationship S, = fo” C,d In T and then to 
subtract the sum of these entropies of the reactants 
from the sum of the entropies of the products. Both 
methods will give identical results for AS, if the indi- 
vidual reactants and products reach zero entropy at 
the absolute zero of temperature. Westrum and 
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Pitzer chose the reaction KHF,.(s) = KF(s) + HF(g) 
at 500°K. as a test of the above considerations. The 
heat capacities of KHF, and KF were measured be- 
tween 16° and 500°K., and the free energy change de- 
termined from the equilibrium constant involving the 
dissociation pressure of KHF». All thermodynamic 
properties of HF were taken from spectroscopic data 
in the literature (30). The entropies of KHF; and KF 
were determined by graphical or analytical integration, 
including an extrapolation from 16° to 0°K. Since the 
entropy of HF was determined from spectroscopic 
data, and since KF has the simple ordered sodium 
chloride structure with no chance for any random 
choice of orientation of its ions, the only explanation of 
different values for the entropy change of this reaction 
as calculated by the two methods is the possibility of a 
nonsymmetrical FHF bond and a consequent residual 
entropy. However, AS as calculated from the direct 
equilibrium measurements is 26.05 e.u., while that 
calculated from the individual entropies is 26.17 e.u. 
This excellent agreement indicates that the hydrogen 
bonding in KHF, is symmetrical. 


DIFFRACTION STUDIES 


The use of X-rays in the study of crystals contain- 
ing hydrogen bonds has contributed enormously to the 
understanding of this subject, even though the positions 
of the hydrogens must be established by inference and 
confirmed by other experimental methods. Studies of 
the bicarbonates of sodium and potassium, and sodium 
sesquicarbonate are examples. Zachariasen (37) found 
that the distances between the oxygen atoms of dif- 
ferent carbonate groups in sodium bicarbonate crystals 
could be classified into four groups of 2.55 A., 3.12 A., 
3.15 A., and 3.19 A. The crystallographic differences 
responsible for the last three types are of no concern 
here, except to note that all of them are close to the 
expected interatomic distance of 3.14 A. found be- 
tween oxygens in nonhydrogen bonded compounds 
and calculated from atomic radii. But the abnor- 
mally small distance of 2.55 A. cannot be reconciled 
at all with any combination of carbon and oxygen 
radii, and can be due only to an unusually large bind- 
ing force. This must be ascribed to the presence of a 


_ hydrogen bond between these close oxygens. The 


planar carbonate groups are joined by hydrogen bonds 
to form chains of infinite complex ions of the composi- 
tion HCO;~. These chains are held together laterally 
by the sodium ions between them. 

Sodium sesquicarbonate (trona, Na,CO;-NaHCoO;- 
2H.O) has been examined by Brown, Peiser, and Turner 
(32). In this compound there are two C—O distances 
of 1.23 A and one of 1.26 A. Oxygen atoms involved 


in the shorter C—O bond are joined together by a hy-' 


drogen bond with an O—H—O distance of 2.53 A. This 


serves to link a carbonate and bicarbonate into a 
dimeric complex ion, HC,O.~*. 

The crystal structure of potassium bicarbonate 
(33) reveals a surprising difference from that of sodium 
bicarbonate. Instead of forming HCO;~ chains, po- 
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tassium bicarbonate is composed of a doubly hydro- 
gen-bonded dimer, H,C,0.~-. The O—H—O distance 
is 2.61 A. and the oxygens involved are part of a long 
C—O bond of 1.33 A. In each carbonate group, the re- 
maining oxygen which is not involved in hydrogen bond- 
ing, is part of a short C—O bond of 1.28 A. The 
parallel hydrogen bonds in this complex resemble those 
of a dimeric carboxylic acid. 

A few hydroxy acids have been examined by X-ray 
crystallography. Recently a study of crystalline sul- 
furic acid showed that two of the intermolecular O—O 
distances (2.64 A. and 2.87 A.) were shorter than 
expected from consideration of atomic radii (34). 
This suggests that the layers of sulfate tetrahedra are 
connected by hydrogen bonds. 

The most carefully studied hydroxy acid is ortho- 
boric acid, H;BO;. This compound in the solid crys- 
talline state is remarkable for its excellent cleavage. 
This property is explained by a structure of plane 
layers bound together by van der Waals forces. Within 
each layer the borate groups are arranged at the apexes 
of hexagons and joined by parallel hydrogen bonds. 
Zachariasen obtained the important crystallographic 
dimensions for this compound in 1934 (35). The 
distance between layers was 3.18 A. The number of 
short O—O distances (2.71 A.) within each layer was 
the same as the number of hydrogen atoms. He con- 
cluded therefore that these pairs of oxygens were 
bonded by a hydrogen. Furthermore, since the hexag- 
onal angles B—O A O—H.-:-O and B—O AO---H—O 
both appeared to be 120°, he stated that this hydrogen 
bond was symmetrical. He repeated his work in 1954 
(36), using improved techniques to give much higher 
precision. The main results of the earlier work were 
confirmed with some slight modification, such as the 
discovery that the layers were not perfectly planar. 
More important, however, was the fact that the two 
angles referred to above which were thought to be equal 
were found to be 113.9° and 126.1°, respectively. 
The O—H--:-O bond appears to be unsymmetrical with 
an O—H distance of 0.88 A. and the O---H distance 
of 1.84 A., for an over-all O—H—O length of 2.720 A. 

An electron diffraction study of boric acid has been 
reported by Cowley (37). His crystalline dimensions 
differ significantly from Zachariasen’s only in that the 
O—H distance is considerably larger, 1.00-1.05 A 
Also, Cowley found an effect not revealed by X-ray 
studies, namely, that the most favored positions for the 
hydrogens do not lié on the O—O axis. The parallel 
hydrogen bonds appear to be bent towards each other, 
as if by mutual attraction. Cowley suggests that 
possibly a hydrogen bond may be formed not only be- 
tween the nearest oxygens of adjacent borate groups 
but also between an oxygen of one group and the second 
nearest oxygen of the adjacent group. 

Neutron diffraction has been used with some success 
as a tool in investigation of hydrogen bonding in 
crystals. The study of ice by this method has been 
mentioned (2/). Neutron diffraction of KH:,PO, 
does not give a definite answer to the question of 
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symmetry of the hydrogen bond. The diffraction 
pattern can be interpreted either as indicating that the 
hydrogen is midway between the oxygens or located 
0.15 A. from the midpoint (38). The entropy meas- 
urements of Stephenson and Hooley (26) indicate the 
unsymmetrical type. A single crystal neutron dif- 
fraction study of KHF, shows that the hydrogen atom 
occupies the central position, within 0.1 A., in the 
linear bifluoride ion (39). 


DIELECTRIC CONSTANT OBSERVATIONS 


A plot of the dielectric constant against dipole mo- 
ment for various substances will reveal that data for 
compounds which cannot have hydrogen bonding lie 
close to some simple curve. Compounds which as- 
sociate through hydrogen bonding are found to deviate 
from the curve. Pauling (40) presents a graph of 
dielectric constants of liquids plotted against the cor- 
responding dipole moments of the gases. Such sub- 
stances as’ hydrogen iodide, hydrogen sulfide, chloro- 
form, and urea fall near a smooth curve, while such 
associated substances of abnormally high dielectric 
constant as water, hydrogen fluoride, and hydrogen 
cyanide show great deviations. A somewhat similar 
but more refined graphical treatment has been given by 
Kumler (41). 

It should be emphasized that there is no simple 
relationship between the dielectric constant and the 
degree of polymerization. Since the dielectric constant 
is a function of the square of the dipole moment, it is 
evident that the shape of the molecule will be of para- 
mount importance. Thus, hydrogen cyanide, which 
forms linear polymers through C—H---N bonds, has 
the very high dielectric constant of 158.8 at 0°C., 
but has an average degree of polymerization of only 
three (42). But water, hydrogen peroxide, and hy- 
drogen fluoride, which have higher degrees of associa- 
tion, have lower dielectric constants because of the 
nonlinearity of their polymers. For instance, the 
dielectric constant for liquid hydrogen fluoride is 
83.6 at 0°C. (42). 


OTHER TYPES OF HYDROGEN BONDS 


This paper has dealt largely with the hydrogen bond 
between oxygen atoms. Many investigations have 
shown that other highly electronegative atoms form 
such bonds as N—H—N and O—H—N. Excellent re- 
views of this work are those by Donoghue (43), Naka- 
moto, Margoshes, and Rundle (44), and Wells (44). 
The last has many fine figures showing the importance 
of hydrogen bonding in many crystal lattices. 
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ION-EXCHANGE SEPARATIONS 


Tue physical chemical principles that are involved 
in reactions of ion-exchange resins (1, 2) can be applied 
in a number of different ways in order to effect analyt- 
ical separations. It is possible to group these tech- 
niques into a set of distinct processes: removal of 
ions from solution by absorption,' separation of ions 
by absorption, separation by selective desorption of 
ions from the resin, removal of ions by ion-exclusion, 
and electrochemical separations by ion-exchange mem- 
branes. The present paper discusses the principles 
that are involved in each of these processes. 

The chief physical chemical considerations that 
govern ion-exchange reactions are that: (1) ions tend 
to concentrate in the resin phase, and (2) exchanges 
between ions are equilibrium processes, with equilib- 
rium constants that do not differ greatly from unity. 

The first of these implies that an ion within the resin 
phase will not readily leave the resin unless it is dis- 
placed by other ions. Ion-exchange columns can 
therefore be rinsed with pure solvents without leaching 
the ions. The second factor limits the extent to which 
ions can be displaced from the resin by contact with an 
electrolyte solution. Batchwise contact displaces only 
a fraction of the ions. To obtain complete exchange, 
the solution must flow through beds of resin in which 
contact between fresh portions of the resin and the so- 
lution is continuously established. The absorption 
processes are thus similar to those occurring in chro- 
matographic columns; hence the frequently used term, 
ion-exchange chromatography. 


QUANTITATIVE ABSORPTION OF IONS FROM 
SOLUTION 


The first extensive use of ion exchangers was the 
treatment of hard water by zeolites which replace the 


calcium and magnesium ions by sodium ions. As 


synthetic organic resins became available, it became 
possible to replace all cations by hydrogen ions, and all 
anions by hydroxyl. Thus, the electrolytes are com- 


1 Because ion-exchange processes occur within the resin domain, 
the term absorption seems preferable to the frequently used 
adsorption. 


STEPHEN S. WINTER 
Northeastern University, Boston, Massachusetts 


pletely removed, leaving water with a smaller content 
of ionic impurities than is normally obtained by dis- 
tillation (3, 4). The complete removal of ions from 
solution has found many analytical uses as well: 
determination of total salt 
concentration (5a), removal 
of interfering anions in cat- 
ion analysis (5b), concen- 
tration of trace constituents 
(8c). 

The principles upon which 
the absorption of an ionic 
species from solution rest 
are illustrated by the follow- 
ing hypothetical experi- 
ment. A solution contain- 
ing a sodium salt flows over 
a bed of cationic resin in the 
hydrogen form. At the be- 
ginning of the experiment 
the resin particles are sur- 
rounded by distilled water. 
The salt solution displaces 
the distilled water in the 
downward direction. To 
keep track of the changes 
that take place as the so- 
lution flows through the 
column, the resin bed is 
divided into a large number 
of small zones (Figure 1) 
which are lettered consecutively from top to bottom. 
The solution is divided into small-volume portions, each 
of which exactly fills the interstitial volume between the 
resin particles contained in one zone. The volume 
portions are numbered in the order in which they enter 
the resin bed. For simplicity, the concentration of 
the solution is adjusted so that the number of sodium 
ions in each volume portion exactly equals the number 
of hydrogen ions bound to the resin in each zone. It 
is assumed that both sodium ions and hydrogen ions 


Figure 1. Ion-exchange Col 
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have equal affinity for the resin, so that the absorption 
equilibrium will favor neither ion but will be determined 
solely by their respective concentrations. 

As the solution flows downward through the column, 
volume portion 1 first enters Zone A, then B, 
Zone C, etc. As Volume 1 leaves Zone A, it is fol- 
lowed by Volume 2. This is in turn replaced by 
Volume 3. The exchanges that occur during this 
downward flow are the following (see the table): 

Volume 1 in Zone A. The resin contains no sodium 
ions, the solution no hydrogen ions. Exchange occurs 
until the two are distributed equally between the two 
phases. . The solution that leaves Zone A, therefore, 
has exchanged half of its sodium ions for protons. 

Volume 1 in Zone B. This fresh portion of resin con- 
tains no sodium ions. Exchange occurs until both 
ions are equally distributed between the resin and the 
solution, so that when Volume 1 of the solution leaves 
Zone B it contains only one-fourth of the original 
sodium ions. 

Volume 1 in Zone C. The solution again flows into 
fresh resin which contains no sodium ions. Exchange 
therefore further decreases the sodium ion concentra- 
tion of the solution. This process recurs as the solu- 
tion flows downward through the resin until the first 
volume portion becomes essentially depleted of sodium 
ions. 

Volume 2 in Zone A. The resin already contains 
one-half sodium ions from the previous exchange, but 
the solution that enters contains no hydrogen ions. 
xchange, therefore, decreases the sodium ion con- 
centration of the solution. Only three-fourths of the 
sodium ions remain in the solution. 

Volume 2 in Zone B. The resin contains one-fourth 
sodium ions, the solution three-fourths sodium ions. 
After exchange, each phase contains equal amounts. 
Although Volume 2 encounters resin that already con- 
tains some sodium ions, as it flows into the lower zones 
its sodium ion concentration is always greater than that 
of the resin it encounters so that the exchange removes 
some of the sodium ions. It too becomes gradually 
depleted of its sodium ions. 

The exchanges that occur with other volume por- 
tions are similar, and have been calculated for the 
first few volume portions in the table. In each case, 
the volume portions flow into resin zones having a 
smaller sodium ion content than the solution. Ex- 
change, therefore, reduces the sodium ion concentra- 
tion of the solution during each contact. The com- 
plete absorption of cations can thus be thought of as the 
result of a large number of stepwise exchanges (6). 
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The only limitation to this depletion through exchange 
is the capacity of the resin. As the upper zones be- 
come saturated with sodium ions, only the lower zones 
exchange until the entire ion-exchange column is con- 
verted to the Na+ form. 

The assumptions made about the concentration of 
the solution and the affinity of the resin in no way re- 
strict this general pattern of behavior during exchange. 
As a matter of fact, because of the tendency of ions to 
concentrate within the resin phase, the fraction of the 
ions within the resin will generally be greater than one- 
half, thus speeding up the absorption. 

From the trend of the hypothetical concentrations 
as shown in the table it can be seen that after a con- 
siderable amount of the solution has passed through 
the resin, the upper zones have completely exchanged 
and contain only sodium ions, the lowest zones remain 
unexchanged, and there is an intermediate region in 
which the ion content of the resin varies between these 
two extremes. As additional solution enters the resin, 
this intermediate region gradually moves downward 
through the column, until its capacity is nearly ex- 
hausted. At this point the ion concentration of the 
effluent changes and begins to contain small amounts 
of sodium ions which passed through the resin without 
exchanging. As more solution passes through the 
resin, the sodium ion content of the effluent gradually 
increases, until, after saturation, the solution passes 
through unchanged. This behavior is shown in Figure 
2b, in which the relative concentrations of hydrogen 
ions and sodium ions in the effluent are plotted against 
the volume of solution that has passed through the 
resin. Such curves are known as break-through curves. 
They reflect the concentrations of the two ionic species 
in the various zones of the resin (Figure 2a) as given 
in the table. 

Break-through curves give the capacity of the resin 
for the ion absorbed by showing the amount of the solu- 
tion that must pass through the column before the 
ion leaves the column unexchanged. Furthermore, the 
steepness of the curve in the intermediate region is re- 
lated to the exchange equilibrium. The larger the dis- 
tribution ratio of the ion between the resin and the 
solution, the sharper is the “‘S” in the curve. 

The shape of the break-through curves is governed 
not only by the equilibrium distribution of the ion 
between the solution and the resin phase, but also by 
the rate at which the equilibria are attained during ex- 
change. Sharper separations are generally obtained 
by slow flow rates, long and narrow columns, and small 
resin particles (6d). 


TABLE 1 
Fraction of Ions in External Solution After Exchange 

Volume 1 Volume 2 Volume 3 Volume 4 Volume & 

at Nat Ht a* + Nat Ht at + 
2 Mig 18/16 3/16 57/64 
5/6 /2 /2 11/39 99/198 29/198 
he 18/16 5/16 18/16 1/59 21/39 1/4 163 93/956 
1/39 / 9/198 9/198 93/56 163 /o56 
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DIRECT SEPARATION OF IONS 


In the separation of several ions from one another by 
ion-exchange processes, the affinities of the various 
ions for the resin must be considered in addition to the 
equilibria described in the previous section. A de- 
tailed examination of the various steps is much more 
difficult in this case, because of the several concur- 
rent equilibria. But one can obtain a satisfactory 
picture from qualitative considerations. 

The solution that flows into Zone A of Figure 1 
may contain two or more ions that absorb to different 
extents, for instance, equinormal amounts of calcium 
and ammonium ions (5d). Both of these ions replace 
some of the protons from the resin, but the more 
strongly absorbed calcium ions displace a greater 
number than do the ammonium ions. As before, the 
primary process is the exchange of the ions from the 
solution for those of the resin. Superimposed upon 
this, however, is the unequal absorption of the two 
ions. 

When the second volume portion enters Zone A 
further exchange takes place. Protons are again dis- 
placed unequally. In addition, the more strongly ab- 
sorbed calcium ions may also displace some of the 
ammonium ions from the column. Thus there is ab- 
sorption of both ions from the solution with the dis- 
placement of hydrogen ions, and a concurrent partial 
displacement of ammonium ions. Both of these 
processes continue as additional volume portions enter 
Zone A, and similar exchanges occur in the lower zones, 
with the result that the solution becomes depleted of 
calcium ions in.the upper part of the column. Con- 
versely, the upper zones of the exchanger contain 
mostly calcium ions. 

Because all of the calcium ions are absorbed in the 
upper sections of the column, only hydrogen ions and 
ammonium ions reach lower zones. There, the dis- 
placements are those described in the previous section. 
Below the nearly pure calcium ion part of the ex- 
changer there is a region containing only ammonium 
ions, and below it, the unexchanged resin (Figure 
3a). Separating these are regions in which the con- 
centration gradually changes from one ion to the other. 
Because separation through absorption is only partially 
effective, the region of transition between the calcium 
and ammonium ions reaches far into the calcium ion 
zone. 

As additional solution flows through the ion ex- 
changer, the five regions spread downward. A break- 
through curve as shown in Figure 3b, which reflects 
the ion content of the resin, is obtained. The steep- 
ness of the breaks in that curve again gives information 
about the relative affinities of the ions for the resin. 


If the resin is properly chosen so that the affinities — 


differ sufficiently, nearly complete separation can be 
effected although some overlap of the ions to be sepa- 
rated cannot be avoided altogether. 


SELECTIVE DESORPTION 
It is possible to improve the separation of ions from 
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(a) Ion content of resin. (6) Break-through curve. 


one another by altering the technique as follows. 
The inflow of solution is stopped before the resin ca- 
pacity is fully used—often long before that point is 
reached—and the column is rinsed with a solution that 
contains another ion. The purpose of the rinse solu- 
tion is to replace the ions already on the column gradu- 
ally and selectively. The ions of the rinse solution 
therefore pass from the exchanger together with the 
ions to be separated, and must not interfere with their 
later identification. Acids of various strengths are 
thus suitable for the desorption of cations and are 
generally used. 

The action of the ions of the rinse solution is simply 
displacement. They replace in part the ions already 
on the exchanger. If an acid solution is added to the 
resin described in the previous section, the hydrogen 
ions displace the calcium ions to a small extent, the 
ammonium ions nearly completely. Thus in the upper 
portions of the column, both the hydrogen ions from 
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Figure3. Separation of Ions in an Exchange Column (After Samuelson 
(8d)) 


(a) Ion content of resin. (b) Break-through curve. 
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Figure 4. Electrochemical Separation by an Ion 


Open circles = cations; filled circles = anions. Bound ions are shown 


attached to membrane walls. 


the rinse solution and the calcium ions that were dis- 
placed by them tend to push the ammonium ions ahead 
of them. This results in the concentration of nearly 
all of the ammonium ions in the. lower part of the 
column. It also results in a more complete separa- 
tion of the ammonium ions from the calcium ions. 
The ammonium ions therefore pass from the ion- 
exchange column as a distinct zone free of calcium ions. 
The latter follow in the effluent after additional rinsing. 

By the proper choice of acid concentration in the. 
rinse solution, it is sometimes possible to displace only 
the less strongly absorbed ions to any considerable 
extent. This is the case when the absorbed ions differ 
greatly in their affinity for the resin, and the affinity 
of the rinse ion is near that of the less strongly absorbed 
one. In this case one can use several concentrations 
of the rinse ion to selectively replace each kind of ions 
absorbed on the column. 

The displacement of the ions from the ion-exchange 
column by a rinse solution has been used in many of 
the separations that can be found in the literature 
(7, 8). The scope of this technique, particularly 
when displacing solutions of various concentrations 
are used, is illustrated by the successful separations of 
such similar substances as amino acids (9) and the 
borate complexes of several sugars (10). 


ION EXCLUSION 


The methods described so far are useful in separating 
ionic species for analytical purposes. They make use 
of the different absorbing powers of ions, and, in the 
case of the concentration of trace amounts, of the 
fact that ions are absorbed whereas neutral molecules 
are not. In all these separations, the resin is in the 
acid form at the beginning and must be returned to that 
state by an appropriate treatment before another sepa- 
ration can be carried out. The amount of material 
that can be separated is limited by the capacity of the 
resin. For large-scale industrial use of ion-exchange 
resins, the limited capacity and the expense of re- 
generation of the resin are serious drawbacks. An- 
other technique has therefore been devised to separate 
ions from molecules (11). 

Resin particles absorb solvent molecules as well as 
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ions (1). The former diffuse into the resin structure 
and solvate the resin granules, whereas the latter are 
bound by electrostatic forces to the ionic groups of the 
resin. If the solvent surrounding the resin particles 
is changed, exchange occurs between the molecules 
of the different solvents in a manner similar to the ex- 
change of ions. Thus, if a glycerine solution flows 
through an ion-exchange column that is solvated with 
water molecules, the glycerine replaces part of the water 
within the resin particles. This factor is used in the 
technique called ion exclusion. 

The salt-containing glycerine solution is passed 
through a column which is saturated with the salt im- 
purity and is solvated by water. Since the resin is al- 
ready saturated with the ions of the glycerine solution, 
no erchange takes place between ions. The salt re- 
mains in the external solution, and thus flows through 
the ion-exchange column. But the glycerine diffuses 
into the resin and replaces the water solvating the 
resin particles. The exchange that takes place thus 
causes the retention of the molecular glycerine, whereas 
the ionic impurities pass from the column. After 
the column becomes saturated with glycerine, the col- 
umn is rinsed with pure water. This reverses the sol- 
vent exchange so that the water replaces the glycerine 
within the resin particles. The glycerine flows from 
the column free of ionic impurities. As soon as the 
wash cycle is completed, the column is ready for an- 
other separation. This method thus avoids the use of 
expensive reagents as regenerants, and is not limited 
by the concentration of ionic groups in the resin for 
its exchange capacity. Large amounts of ionic im- 
purities can be displaced as easily as small amounts. 
Because of these features, the method seems com- 
mercially feasible where separations involving the ab- 
sorption and desorption of ions are too expensive. 


ION-EXCHANGE MEMBRANES 


Ion-exchange resins cast into sheets or membranes 
offer still another method for carrying out separations, 
which, however, is distinct from the processes described 
before in that it does not use beds ef granular resins. 
The technique depends upon the mobility of ions in the 
resin sheet under the influence of an externally im- 
posed electric field. 

Transference of current through ion-exchange mem- 
branes occurs almost exclusively by the flow of counter- 
ions (12), since the ions of the opposite polarity are 
chemically bound to the resin? and cannot move. 
In the process illustrated in Figure 4, in which a salt 
solution is contained between anionic- and cationic- 
exchange membranes under the influence of an electric 
field, only the positive ions travel through the cat- 
ionic resin, and only the anions through the anionic 
resin. As a result, if the salt contained in the central! 
compartment is sodium chloride, it can be converted 


? Ion exchangers also contain small amounts of free ions of the 
same polarity as that of the bound ions. which may carry a 
limited fraction of the current, especially when the concentra- 
tion of electrolyte in the surrounding solution is large. 
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into sodium hydroxide and hydrochloric acid by such a 
cell. 

It is possible to connect a number of such cells in 
series, using only a single set of electrodes with a 
saving in the amount of current required. The number 
of cells so arranged is limited chiefly by the high re- 
sistance of the membranes to electrical conductance. 
The problem is to prepare membranes thin enough for 
good conductance, and yet mechanically strong. Such 
membranes are a fairly recent development, so that 
they are not yet widely used. Their successful applica- 
tion in the desalting of sea water has been reported (73). 
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To the Editor: 

Not only does Foster (rH1s JouRNAL, 33, 300 (1956)) 
warn of possible confusion between the two scales of 
atomic masses in common use, but he nurtures it with 
the statement: “‘. . . one atomic mass unit is equal to 
1.006272 avograms.”’ 

The physical unit (AMU), '/1. of the mass of the O'* 
atom, is smaller than the chemical unit (avogram), '/1. 
of the weighted mean of the masses of the three oxygen 
isotopes. The rest of Foster’s figures, including the 
two values of Avogadro’s number and the nuclear 
masses computed in avograms, are consistent with these 
definitions, and with the reciprocal of the statement 
quoted. 


Sruart A. MAYPER 


UNIvERsIty OF BRIDGEPORT 
BrinGEeport, CONNECTICUT 


l'o the Editor: 

My thanks to Stuart A. Mayper for his unambiguous 
clarification of my misstatement regarding the con- 
version factor between atomic mass unit and the avo- 
gram. The statement should have read: “ ... one 


avogram is equal to 1.000272 atomic mass units.” 
Atomic weights on the physical scale are larger than on 


the chemical scale by this same factor, because the physi- 
cal scale atomic mass unit is the smaller. 

Attention is also called to an error in proofreading in 
the next sentence, which should conclude with the 
words: “. . . to substitute the energy unit million elec- 
tron volt (Mev.) for (not or) ergs.” 


LAURENCE 8. Foster 


ORDNANCE MATERIALS RESEARCH OFFICE, 
WATERTOWN ARSENAL 
WATERTOWN, MASSACHUSETTS 


To the Editor: 

I question one point of advice and the emphasis in the 
very helpful article by Stanerson, ‘Financing a college 
education—fact and fantasy” (THIS JoURNAL, 33, 18 
(1956)). He states, “It seems logical that the initial 
step in planning an education beyond secondary school 
is the selection of a field of specialization.’”’ This proce- 
dure may eliminate in too many cases consideration of 
the liberal-arts college. Many boys are not and cannot 
be specific in their choice of careers. Their experience 
outside of school is too limited ‘“career-wise.” Too 
much credence can be given to vocational aptitude tests 
in choosing careers and is apt to result in overlooking 
the value of demonstrated performance in key subjects. 
For example, what better standard or device is available 
for choosing a career in medicine than demonstrated 
ability in science and mathematics? 

If more emphasis is placed generally on good per- 
formance in the fundamentals of English, language, 


’ mathematics, history, and science, then there should 


follow naturally an interest in the broad opportunities 
for development toward a variety of careers offered by 
a college of arts and sciences. 


Hvusert 8S. SHAw 


Bowpbo1n CoLLEGE 
Brunswick, MAINE 
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To the Editor: 

In a recent review article on “The Concept of 
Electronegativity” Pritchard and Skinner! point out 
that Mulliken’s measure of electronegativity of an 
atom ‘is better and more precise than that of Paul- 
ing’s.” Mulliken’s relation is: 


I(A) 


(1) 
where x(A) is the electronegativity, 7(A) the ionization 
potential and HA (A) the electron affinity of A. 

Mulliken has given a quantum mechanical argument 
for the use of this definition for electronegativity. 
Nevertheless, it may not be obvious that this quantity 
should be a measure of the “power of an atom in a 
molecule to attract electrons to itself.”! The following 
is a simplified method for demonstrating that the elec- 
tronegativity of an atom should be proportional to the 
sum of the ionization potential and electron affinity of 
the atom. 

Consider the problem of deciding whether B will 
attract electrons more strongly to itself than A (7. e., 
whether B is more electronegative than A) when the 
two atoms form a compound AB. The two extreme 
cases that may occur when A and B are brought to- 
gether are the pure ionic forms, either A+B~ or A~B+. 
If B is the more electronegative, A+B~ would be more 
stable than A~B*+ and so the change in energy on 
forming the former compound would be more negative 
than the latter, 7. e., 


AE(AtB-) < AE(A-B*) (2) 


The change in energy on forming each of the ionic 
forms can be evaluated by considering their formation 
by the following steps, (a) the formation of the positive 
ion and negative ion, and (b) bringing the two ions to- 
gether to form the molecule. 


A+B—+A++B-—A*+B- (3) 
and 
A+B—A~ + B+—A-Bt (4) 
The change in energy for formation of A+B- is: 
AE(AtB~) = I(A) — EA(B) + U(AtB-) (5) 
and for A~B+* it is: 
AE(A~B*) = 1(B) — EA(A) + U(A7B*) (6) 


The energy term U contains an attractive electro- 


‘PritcHarp, H. O., H. H. Skinner, Chem. Revs., 55, 
745 (1956). 
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static term and a repulsion term. If one assumes the 
molecular systems are essentially two point charges at 
the same internuclear distance and the repulsion 
terms are the same, then the energy terms, U, would 
be equal. 

Thus by substituting equations (5) and (6) into the 
inequality of (2), the condition necessary for B to be 
more electronegative than A is obtained; 


I(A) — EA(B) < I(B) — EA(A) (7) 
which can be rewritten: 
I(A) + EA(A) < I(B) + EA(B) (8) 


It is thus seen that a number proportional to the sum 
of the ionization potential and electron affinity can be 
assigned to each element and the greater this number 
the greater the electronegativity. 


Morton A. FINEMAN 


PROVIDENCE COLLEGE 
PROVIDENCE, RHODE ISLAND 


To the Editor: 


While I agree with almost everything Dr. Abernethy 
has to say in his interesting article, “Some difficulties 
and common errors related to the designation of sugar 
configurations,” (THIS JOURNAL, 33, 88 (1956)), I 
should like to amplify the discussion of the proper con- 
figurational prefixes for the tartaric acids. 

The common, dextrorotatory variety of tartaric acid 
was assumed by Fisher to have structure I, an assump- 
tion which has now been verified experimentally. 
According to the Fisher convention for representing the 
tetrahedral valences of carbon in a plane, the structure 
is also represented by projection formula IT. 

p-Glyceraldehyde has structure III, and t-glyceralde- 
hyde structure IV. From this, it can be seen that the 
COOH group of (+)-tartaric acid corresponds in posi- 
tion to the CHO group of p-glyceraldehyde or to the 
CH.OH group of t-glyceraldehyde, while the C.H;0; 
(—CHOH-COOH) group in tartaric acid corresponds 
to the CH.OH group in p-glyceraldehyde or to the CHO 
group in L-glyceraldehyde. 

The assignment of p- and L- symbols to tartaric acid 
(and to any other asymmetric molecule containing more 
than one group different from those in glyceraldehyde) 
therefore requires specification of which group ‘cor- 
responds” to the groups in glyceraldehyde; without 
such specification, stated or implied, the assignment is 
meaningless. Thus, the Freudenberg assignment of a 


versity chemistry faculty. 


ILLINOIS ASSOCIATION OF CHEMISTRY TEACHERS 


OcToBER 19, 1956, is the date of the fall meeting of the Illinois Association of Chemistry Teachers 
to be held on the campus of the University of Illinois at Urbana. A session of papers and dis- 
cussions is being planned by President Carl Weatherbee and Professor B. Roger Ray of the uni- 
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COOH 


HO H | 


p- configuration to (+)-tartaric acid implies “corre- 
spondence” between the CHO and COOH groups; the 
Wohl assignment between CHO and C,H;0;. It should 
be mentioned, in passing, that Wohl and Freudenberg 
understood the purely formal nature of their difference, 
and recognized that the use of p- and L- prefixes was 
equivocal in connection with tartaric acid and similar 
cases (Ber., 56, 309 (1923)). Nevertheless, use of the 
prefixes has, unfortunately, been continued. 

Although the Wohl assignment may seem to be in 
accord with the carbohydrate system of nomenclature, 
it should be recognized that the situation in the sugars 
is quite different. In the t-sugars (V), there are 
attached to the penultimate carbon atom three groups, 
identical in nature and relative position to those in 
L-glyceraldehyde; the configuration is, then, estab- 


CHO 

CHO CH,OH 

OH H OH 
CH,OH CHO 
HO—C™H 

| 
CH,OH 

IL v 


lished without equivocation. On the other hand, 
establishing a correspondence between C-3 in formula 
II and C* in the L-sugar implies the further assump- 
tion that the COOH groups in tartaric acid corresponds 
to the CH,OH group in the L-sugars, which is another 
way of saying what has been stated above. 

This discussion demonstrates the need for elaborating 
and adopting a general system, which would specify 
the “correspondence” between any four groups about 
an asymmetric carbon atom and the groups in glycer- 
aldehyde. Only by such a system can the use of p- 
and L- symbols be generalized without confusion. 


GEORGE GORIN 


OKLAHOMA AGRICULTURAL AND MECHANICAL COLLEGE 
STILLWATER, OKLAHOMA 


ANNUAL REVIEW OF NUCLEAR 
SCIENCE. VOLUME 5 


Edited by James G. Beckerley, Schlum- 
berger Well Surveying Corporation, Mar- 
tin D, Kamen, Washington University 
Medical School, and Leonard I. Schiff, 
Stanford University. Annual Reviews, 
Inc., Stanford, 1955. ix + 448 pp. 50 
figs. SOtables. 16 X 23cm. $7. 


NUCLEAR science is an expanding field 
embracing areas, still vaguely defined, 
within biology, chemistry, and physics. 
This volume contains 14 review articles 
on selected topics within this broad field 
of nuclear science. Although the 14 
chapters are by different authors, there is 
none of the unevenness sometimes met 
with under these circumstances. The 


different topics have been carefully pre- 
pared, and the presentation is excellent. 
Since this review will be read chiefly by 
chemists, the reviewer will limit his com- 
ments to the five chapters of particular 
interest to chemists. In their chapter on 
‘‘Radiochemical separation techniques” 
H. L. Finston and John Miskel survey 
developments in separation procedures, 
classified as precipitation, solvent extrac- 
tion, volatilization, and chromatography. 
The authors have arranged their material 
and references in a very convenient tabular 
form. Another chapter on ‘Radiation 
chemistry” by F. 8. Dainton is restricted 
to a discussion of systems in which the 
absorption of high-energy radiation has 
resulted in a detectable chemical change or 
in which physical changes have been ob- 


served which can be directly related to 
chemical changes. Jack Schubert is the 
author of a chapter on the ‘‘Removal of 
radioelements from the mammalian body” 
which differs from other chapters in sur- 
veying the literature from the beginning 
(1912) to the present. Although this 
chapter is concerned primarily with ways 
of treating radioactive poisoning, part of 
it is given over to chemical topics: a dis- 
cussion of chelates; considerations based 
on chelate constants; and a report on 
some experiments involving colloidal ion- 
exchange carriers. A chapter on the 
“Fundamentals of radioautography” by 
W. P. Norris and L. A. Woodruff deals 
primarily with factors of fundamental 
importance to the successful utilization of 
the radioautographic technique. By the 
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very nature of the subject the chapter is 
concerned with a number of phenomena 
of special interest to chemists. The fifth 
chapter to be singled out for mention here 
is that on “Industrial applications” 
(mass spectrometry) which summarizes 
recent advances in the application of mass 
spectrometry under the following head- 
ings: (1) high molecular-weight mass 
spectrometry; (2) process monitoring; 
(3) mass spectrometry of solids; (4) 
automatic reduction of spectral data. 
Finally, it may be mentioned that the five 
chapters noted above as of special interest 
to chemists comprise about one-third of 
the volume. 

In its preface to this the fifth volume of 
this Annual Review, the editorial com- 
mittee discusses several policy questions 
which it has had to face; viz., the choice 
of topics; the allocation of space; and the 
general scope of the volume, especially the 
status of radiobiology. The reviewer is 
of the opinion that the committee has 
shown wisdom in its decisions and has 
produced a volume of interest to a variety 
of readers “ranging from the specialists in 
the field under review, who probably will 
not learn very much new, to the scientists 
in neighboring fields, who will probably 
profit substantially.” By accepting the 
view that ‘matter’ includes living or- 
ganisms and biological materials, and 
hence including chapters on_ biological 
subjects, the editorial committee has made 
its “Review” a meeting place of all the 
sciences. This decision can only add to 
the value of the “Review.” 

In addition to the usual subject and 
author index this volume includes a 
chapter title and author index for Volumes 
1-5 of this series of “Reviews.” 


ARTHUR F. SCOTT 
Reep 
PorTLAND, OREGON 


SEMIMICRO LABORATORY EXERCISES 
IN HIGH-SCHOOL CHEMISTRY 


Fred T. Weisbruch, Principal, Don Bosco 
High School, Milwaukee. Second edition. 
D. C. Heath and Co., Boston, 1956. 
viii + 277 pp. 31 figs. 21 X 27 cm. 
Paper bound. $1.88. 


Tuis manual first appeared ten years 
ago, and it was reviewed in THIS JoURNAL 
by W. Glen Tilbury of Champaign Senior 
High School, Champaign, [Illinois, in 
December, 1947, page 622. The same 
general features observed then still per- 
sist. 

The student records his observations by 
answering specific questions, e. g., “What 
is the color of the solution?” “The white 
insoluble substance is called a 
——______,”” etc. A statement intro- 
ducing each experiment gives the student 
an idea of the problems he is to consider 
in the experiment, which should be of 
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value to him. At the end of each of 17 
units is a set of questions, usually 20, in 
which the student supplies a word or 
phrase to a prefabricated sentence. Most 
of them are merely a rehash of his work 
without much opportunity or need to 
really utilize information learned. The 
manual has been enlarged by the addition 
of a few new experiments, two of which are 
quantitative. Also noted in the second 
edition are improvements in the clarity of 
the directions and, surprisingly, an in- 
crease in the quantity of reagents used. 

Most of the diagrams are white on 
black, and are of the preferred three- 
dimensional sketches. The details in 
these diagrams are unusually clear for 
such small illustrations. 

Many of the laboratory experiments 
follow the well-known paths of secondary- 
school chemistry. Some of the alleged 
advantages of the semimicro method are 
exploited, and some of the disadvantages 
are noted. The main disadvantage is 
the large error to be expected in the re- 
sults of quantitative experiments. 

Criticism of this manual would include 
comment concerning unwieldy wordage 
at times, e. g., “To what law must a 
chemical equation conform’? and “Are 
the number of atoms the same?” Direc- 
tions are for the most part explicit and 
from beginning to end the student does 
not have to do much directing on his own. 
Confusion exists between ionization and 
dissociation. The phenomenon of hy- 
drolysis as explained is not in keeping with 
experimental evidence. The manual has 
a number of trivial but annoying errors 
such as confusion between paraffin and 
wax; state and phase; NO, called nitro- 
gen peroxide; H;PO, called metaphos- 
pheric acid; ‘add barium chloride’ 
(solution); ‘‘add sodium hydroxide’”’ (solu- 
tion); the unit particle of zinc is an atom 
but the unit of magnesium is a molecule; 
and several misprints such as “ammonia 
salt,” “the anhydride of copper sulfate’; 
“HCL”; and the solutions and liquids to- 
gether as liquids in the student reagents. 


WILLIAM KESSEL 
InpIANA State Teacuers 
Terre Haute, INDIANA 


INTRODUCTORY QUANTITATIVE 
CHEMISTRY 


Axel R. Olson, Charles W. Koch, and 
George C. Pimentel, all of University of 
California, Berkeley. W. H. Freeman and 
Co., San Francisco, 1956. x + 470 pp. 
69 figs. 23 tables. 16 X 24 cm. $5. 


In THE Preface, the authors point out 
that “this text includes the contents of 
‘Introductory Quantitative Analysis’ by 
A. R. Olson, E. F. Orlemann, and C. W. 
Koch and retains the emphasis of that 
book upon fundamental techniques and 
principles, ...As exemplified by the new 


title, ‘Introductory Quantitative Chemis. 
try,’ the emphasis has been broadened in 
recognition of the fact that quantitative 
measurement provides the cornerstone 
for all the sciences.”’ 

The book provides “a basis for a course 
in quantitative chemistry of at least six 
semester hours’’ although it is used by the 
authors in a three-hour course by omitting 
certain sections. The analytical pro- 
cedures include four gravimetric and 
seven volumetric determinations (plus 
two volumetric apparatus calibrations), 
six requiring separation processes, and 
five special experiments applying physico- 
chemical methods. The conventional 
brass and limestone analyses are omitted 
but some newer techniques, such as 
chelation and ion-exchange separation, are 
used. Disodium nitrilotriacetate is used 
as a chelating agent in the volumetric 
determination of zinc. Ion exchange is 
applied to the separation of iron from sul- 
fate and copper from cobalt. The deter- 
minations at the end of the text give 
opportunity for the student to work out 
his own procedure. 

The usual theory of quantitative analy- 
sis is adequately covered. The equilibria 
in monobasic and polybasic acid systems 
are emphasized. The method for working 
out the equilibrium conditions is given in 
detail and the results are expressed in 
terms of the fraction of species present in 
the solution as function of pH. 

Calculations of stoichiometry are care- 
fully worked out in examples, and many 
problems (with and without answers) 
are included. The authors use the mole 
concept, thus avoiding the ambiguities 
resulting from use of normalities. 
Throughout the book questions are put in 
the body of the text, being differentiated 
from the discussion by italics. 

The authors state in the preface that 
“without intending a flippant approach, 
we feel that an occasional chuckle or 
analogue drawn from human, rather than 
chemical, relations adds a lot in the way 
of palatability.” There are numerous 
expressions such as “not every such 
‘collision’ between and will 
result in a reaction; sometimes the mole- 
cules will just pass the time of day and 
then go about their business,’’ or “when 
a strong acid locks horns with a strong 
base.”’ 

The book is well illustrated with draw- 
ings in the style of other Freeman texts 
and is attractively bound. It seems to be 
quite free from errors. although one slip 
was noted on page 396 where the following 
occurs: “The potential at which hydro- 
gen gas is produced at a given pH is a 
function of the anode metal, the nature of 
the anode surface... .’’ 

Teachers of quantitative analysis who 
wish for a book a bit off the beaten path 
will do well to examine this text. 


PAUL K. GLASOE 


WITTENBERG COLLEGE 
Oxn10 
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22. 
CHEMISTRY! 


A. WHY ARE THERE SO MANY ORGANIC 
COMPOUNDS? 


*22-1 Isomers. Urea, ammonium carbonate, etha- 
nol, methyl ether, fumaric acid, maleic acid, 
sugar isomer board. Distribute 5 balls to 
each student for making molecular model 
consisting of central (carbon) atom, 4 sticks 
for carbon bonds, and 4 other colored balls. 
Discuss isomers, let one student taste fac- 
tory-made urea. Have class assemble 
model: half will form mirror image models 
of other half. 


Substitution. Exhibit CHCl, CH2Ch, 
CH;Cl. 


Carbon-carbon bonds. Rack containing sealed 
tubes nearly full of oil of different viscosities. 
Invert rack: air bubbles rise in oil at dif- 
ferent rates. Discuss homologous series. 


Double and triple bonds. Lumps of calcium 
carbide, 250 ml. beaker of water. Throw in 
lumps, then throw in (CARE) lighted match : 
C,H, generated from the carbide ignites with 
a pop, keep two feet away. 


Rings. Exhibit: coal tar derivatives, moth 
balls, benzene. 


21-2 


22-3 


22-4 


22-5 


O HYDROCARBONS 


Saturated Hydrocarbons 


22-6 Periodic explosions. An 1.8 X 200 cm. tub- 
ing clamped vertically over unlighted burner; 
a lighted burner at open top of tubing. 
Regulate ratio of gas to air in lower burner so 
there is explosion in the tube at half-minute 
intervals. 
*22-7 Explosive mixture. Gas leading into 2-neck 
Wolff bottle, exit carrying a 1 X 30 cm. tube. 
Pass in gas, light at exit tube, turn off gas: 
after some minutes the air: gas mixture ex- 
plodes. 


Explosion wave. Four 3 X 150 cm. glass 
tubes taped endwise with Scotch tape, un- 
lighted Bunsen burner projecting inside one 
end. Pass in air: gas; after a minute light 
at other end: explosion wave travels down 
tube. 


Flame structure. Pin stuck through match 
placed on burner with head in center of gas 
zone; two 1 X 1 ft. white paper, 1 ft. 6 mm. 
glass tubing. Light gas: match-head not 
ignite since is in cool zone. Scorch pattern 
of flame by holding paper vertically and 
horizontally in it. Hold tubing inclined with 
one end in gas zone; light other end. 


22-10 Gasoline-Kerosene fires. Candle at bottom of 
inclined trough, wad of cotton at top, gaso- 
line, kerosene, two 400 ml. beakers. Pour 1 
ml. gasoline upon the cotton, then light 
candle: a flash-back occurs when vapor 
reaches the flame. Put 20 ml. gasoline in 
one beaker, 20 ml. kerosene in the other. 
Drop in (CARE) lighted matches: the gaso- 


22-9 


O 


+ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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line ignites, often explosively, the matches 
go out in the kerosene. 


Unsatured Hydrocarbons 


22-11 Exhibit petroleum fractions, polymers, plas- 
tics. See Demonstration 17-16. 


22-12 Reactivity of unsaturated bonds. Rubber 
stopper, 2-liter flat-bottomed flask well 
illuminated, Bro, amylene. Fill flask with a 
few drops of Br, vapor, then add 1 ml. 
amylene and shake: reddish-brown vapors 
instantly disappear as the bromine adds on 
to the double bond of the amylene. 


C. SUBSTITUTION PRODUCTS OF 
HYDROCARBONS (ALCOHOLS, ACIDS, 
ESTERS, ETC.) 


22-13 Fermenting sugar. Four days before the lec- 
ture commence the fermentation, in a warm 
spot, of 1 cup molasses + 2 liters water + a 
yeast cake; attach a limewater trap to 
flask to catch any evolved gases. Distillation 
apparatus, 250 ml. beaker, 20 cm. clock 
glass. Explain fermentation process, and 
show that CO, has precipitated CaCO; in 
trap. Distill off the alcohol, put some on the 
clock-glass and ignite in a darkened room. 


Turn the page for additional demonstrations 


*Footnotes 


Class assembly of isomer models suggested by C. I. 
Damerel, J. Chem. Educ. 29, 296 (1952). 
CARE: shield bottle. A modification is to use a tin 
can with removable top. Cut a '/,” hole in center 
of lid and a '/2” hole in side near bottom. Lead gas 
in through side hole, light at top hole, turn off gas: 
continues to burn at top hole until explosive gas: air 
Wi is reached, then a violent explosion occurs. 
22-20 See S. C. Bunce and H. F. Hammer, J. Chem. Educ., 
28, 546 (1951) for excellent demonstrations involving 
selective mordant, vat, developed, ice-color, and 
fluorescent dyeing. Also C. H. Stone, J. Chem. Educ. 
22, 380 (1945). 2 
22-23 The poem to recite is “Oh there’s hardly a thing that 
a man can name, of use or of beauty in Life’s small 
game, but one can extract from alembic or jar, from 
the physical basis of black coal tar: oil and ointment, 
wax and wine, and the lovely colors called aniline; oh 
you can make anything from a salve to a star, if you 
only know how—from black coal-tar.”’ 
22-24 yo ‘ B. Smith, J. Chem. Educ., 29, 292 (1952) for 
etails. 


Labels for Topic 22.. (For code, see instructions for assembling 
kits, J. Chem. Educ., 32, 12A (1955). 22-1l-w-urea, 22-4-w- 
CaCs, 22-9-w-pins, 22-10-N-gasoline, 22-10-N-kerosene, 22-10- 
J-cotton, 22-12-d-amylene, 22-10-w-dried yeast, 22-10-N- 
molasses, 22-10-N-limewater, 22-14-N-ethanol, 22-14-d-amyl 
acetate, 22-14-d-ethyl acetate, 22-14-d-perfume, 22-15-w-fat, 
22-15-N-sat. NaOH in MeOH, 22-15-N-NaCl-aq., 22-16-J-2- 
cotton ducks, 22-16-J-oil, 22-16-J-detergent, 22-17-f-formic 
acid, 22-17-/-Jello, 22-17-J-hypodermic needle, 22-18-N- 
formalin, 22-18-J-phenol, 22-20-w-Sulfanil Blue, 22-20-w- 
Sudan red, 22-20-w-Aniline Yellow, 22-20-J-3 x 5” cotton, 
silk, wool, acetate rayon stapled together, 22-22-N-formalin, 
22-22-N-aniline hydrochloride, 22-23-N-coal tar, 22-23-N-coal 
tar, 22-23-J-wax, 22-23-J-tube of ointment, 22-23-J-bright 
cloth, 22-23-J-tube of oil, 22-23-J-paper star, 22-24-w- 
NaCr.0;.2H,O, 22-24-w-CuSO,.5H,O, 22-23-/-sulfonated 
polystyrene, 22-28-J-lump sugar, 22-28-/-cigarettes, 22-31-H- 
ammoniacal cupric sulfate, 22-32-w-NaOH pellets, 22-32-/- 
1 X 3” strips of cotton, wool, silk, rayon stapled together, 
22-34-J-blood sampler, 22-34-N-3% 


22-1 
22-7 


+ 
q 
| 
| 
| 
| 
| 
| 
| 
22-8 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
= 
| 
| 
| 
| 
| 
‘ie 


22-14 Esterification. Ethyl alcohol, conc. H2SOx,, 
glacial acetic acid (CARE, corrosive to 
skin); filter papers labelled with formulas and 
names and containing one drop each of per- 
fumes, fruit odors, vanilla, bronzing lacquers, 
other esters; perfume in atomizer test tube. 
Mix equal volumes of alcohol, conc. H,SO,, 
and glacial HOAc: ethyl acetate forms. 
Pass impregnated papers around for class to 
smell. Spray perfume from atomizer. 


22-15 Saponification. Fat, saturated solution of 
NaOH in methanol, evaporating dish on 
water-bath, stirring rod, test tube, NaOQH- 
aq., 250 ml. beaker. Melt 10 g. fat on water- 
bath, stir in 10 ml. of saturated NaOH in 
MeOH: soap forms. Pour into beaker of 
salt water: the soap floats, a process known 
as “salting out’’. Shake some of your 
homemade soap with water: suds form. 


22-16 Detergents. Two cotton (Easter) ducks 
rubbed with an oil rag, two 500 ml. cylinders 
of water, commercial detergent. Add deter- 
gent to water in one cylinder, place duck in 
each: the duck sinks quickly in the deter- 
gent solution, floats in the water. 


22-17 Insect sting. Jello or gelatin gel, hypodermic 
needle containing formic acid (CARE). 
Inject acid into the gel: the artificial 
“‘sting’’ simulating the sting of a bee and 
many other insects causes the protein to 
swell. 


22-18 Phenol-formaldehyde plastic. See Figure 22- 
18. Cylinder contains 25 g. formalin + 20 g. 
phenol + 55 mm. glacial acetic acid. Turn 
stop-cock to generate about 1 bubble HCl 
gas per second. Mixture becomes pink, 
suddenly froths up (CARE), forms pink 
plastic. Remove generator to hood. Wash 
plastic well before handing to class. 


MAKING A PLASTIC 
Figure 22-18 


D. RING COMPOUNDS 


22-19 Exhibit: Coal products: coke, coal-tar, 
liquor, ammonia. Coal-tar products: ben- 
zene, toluene, moth.balls, anthracene, coal 
tar, phenol, aniline dyes, plastics. 

*22-20 Selective dyeing. Sudan red, Sulfanil Blue, 
Aniline Yellow, 250 ml. beaker on hot plate; 
3 X 5” pieces of cotton, silk, wool, acetate 
rayon stapled together, tongs, 1-liter beaker 


[Next month’s Tested Demonstrations in General Chemistry 
23. COLLOID CHEMISTRY 
For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9(1955) 


of water. Add 0.5 g. of each dye to the boil- 
ing water, dip in cloths a few minutes, re- 
-move and rinse them in cold water: each is 
a different color. 


22-21 Signal smokes. See W. H. Kieffer and J. M. 
Resko, J. Chem. Educ., 22, 385(1945) for 
signal smokes, many of which have organic 
aromatic ingredients. 


22-22 Aniline-formaldehyde plastic. Four 250 ml. 
beakers, 200 ml. saturated aniline hydro- 
chloride-aq., 200 ml. formalin (40% formal- 
dehyde), stirring rod, 250 ml. beaker of conc. 
NH,OH, 250 ml. beaker of water. Stir 100 
ml. formalin with 100 ml. aniline hydrochlo- 
ride-aq.: mixture thickens to a rubbery 
plastic in about a minute. Place in NH,OH: 
plastic turns white. Repeat but this time 
place plastic in water: plastic turns black. 


*22-23 See footnote. recite poem, exhibiting items. 


*22-24 Ion exchange resin. See foonote. Filter 
green Cr.0;-- + Cu(NH;),++ through cat- 
ion exchange resin: H+ exchanges for 
Cu(NH;),++: yellow Cr.O;-- emerges. 


E. PLANT FOODS AND PRODUCTS 


22-25 Exhibit N, P, and K compounds used as 
fertilizers; chlorophyll. 


22-26 Carbohydrates. See Demonstrations 16-3, 
19-22, 19-23, action of conen. H.SO, on carbo- 
hydrates. 


22-27 Reducing sugars. See Demonstrations 12-18 
(Fehling’s test) and 12-19 (Silver mirror). 
CAUTION: do not store ammoniacal silver 
nitrate solution. 

22-28 Burning sugar. Cigarette, 2 lumps of sugar. 
Try to light two lumps of sugar, one of them 
dipped in cigarette ashes: the latter burns 
with a sprightly blue flame. 

22-29 Starch-iodine test. See Demonstration 20-28. 

22-30 Parchmentizing. NH,OH; 240 g. cone. 
H.SO, in 60 g. water, cooled. Run paper 
through acid, then NH,OH, then rinse: 
parchment paper forms. 

22-31 Schweitzer’s reagent. Dil. H.SO,; 250 ml. 
beaker of ammoniacal CuSQ,, stirring rod. 
Boil bits of filter paper in solution: paper is 
digested, forming soluble complex. Pour 
into dilute acid: cellulose is re-precipitated. 

22-32 Effect of NaOH on textiles. Boiling 10 M 
NaOH in 400 ml. beaker; strips of cotton, 
wool, silk, nylon. Boil cloths: cotton alone 
unaffected. 


F. ANIMAL FOODS AND PRODUCTS 


22-33 Exhibit proteins, carbohydrates, fats, food- 
stuff minerals, vitamins, hormones, textiles. 


22-34 Enzyme action. Blood sampler, test tube, 3 
per cent H,O.-aq. Prick finger, add few 
drops of blood to H,O.: foaming due to de- 
composition of peroxide by the enzyme, 
catalase, in the blood. 


0 


A new 
pated int 
ecision, 
eater saf 
entral Se 
d., Chica 


Anew A 
poles wit 
nd sampli 
pnstructic 
oth pole’ 
hay be n 
ion. For 
hers in tl 
ble 
rite Ap) 
rinceton, 
ersey. 


A new 
ermitting 
he thick 
illionth 
Dy Appli 
lendale, 
ne troche 
The ma 
s designe: 
ontinuou 
here a 8) 
mportan 


Multi-j 
adiation 
aborator 
al obser 

arket 

erica, 
Called 
ew blacl 
equiring 
iolet. at 
ada ptabl 


Versat 
notewort 
“Monito 
the Aton 
York, N 
tadioacti 
itor’ cay 
tracer re 
ments, h 
eral radii 


> As m: 
consistin 
taneousl 
or conce 
volume 
B Dialy: 
tating 
phoresis 
continuc 
unit has 
cedures 


Please 


IEW EQU! 
| 
| 
| 
: 
H2SO« 
2 
= 
TOWEL 
2 
Want 
PHENOL- [PIES 
FORMAL DEHYDE 
| 


A new line of all-metal, electrically 
pated incubators, featuring increased 
ecision, convenience of operation, and 
eater safety, has been developed by 
entral Scientific Co., 1700 Irving Park 
d., Chicago, Illinois. 


A new Ascop Type AA Switch features 
poles with 24, 30 or 32 contacts per pole 
nd sampling rates up to 6 r.p.s. Special 
pnstruction allows manual phasing of 
oth poles through 360°. Both poles 
hay be manually phased during opera- 
ion. For further information on this or 
hers in the ASCOP line of over 200 avail- 
ble standard sampling switch models 
rite Applied Science Corporation of 
rinceton, P. O. Box 44, Princeton, New 
ersey. 


A new x-ray fluorescence instrument 
ermitting continuous determination of 
he thickness of a metal coating to the 
illionth of an inch has been developed 
by Applied Research Laboratories of 
lendale, California, manufacturers of 
pectrochemical equipment. 

The manufacturer states the instrument 
s designed to fulfill the need for gaging or 
ontinuous analytical control in industries 
here a single element’ determination is of 
mportance. 


Multi-purpose long wave ultraviolet 
adiation source for chromatography, 
aboratory research, inspection and medi- 
al observation has just been put on the 
arket by Black Light Corporation of 
erica, San Gabriel, California. 

Called the Blak-Ray Model B-100, this 
new black light can be used in any method 
equiring a concentrated source of ultra- 
iolet at 3660 A. units and it is readily 
adaptable to any task. 


Versatility and precision are two of the 
oteworthy features of the Model A-116 
“Monitor’’ count rate meter announced by 
the Atomlab, Inc., of 489 Fifth Ave., New 
York, N. Y. Designed for quantitative 
radioactivity measurements, the ‘“Mon- 
itor’ can be used for medical diagnosis, 
tracer research, isotope decay measure- 
ments, health-physics control, and for gen- 
eral radiological protection. 


> As many as 16 separate samples, each 
consisting of 20 ml., are treated simul- 
taneously for either equilibrium dialysis 
or concentration dialysis against a buffer 
volume of 5 liters in the new Oxford Model 
B Dialyzer. Particularly useful in equilib- 
tating materials for subsequent electro- 
phoresis or concentrating fractions after 
continuous-flow paper electrophoresis, the 
unit has further application in such pro- 
cedures as the concentration of dilute pro- 


teins including spinal fluid, urine, etc. 
Available from Oxford Laboratories, 111 
Sutter St., San Francisco 4, California. 


> The Setchkin Self-Ignition Apparatus 
is used to determine the ignition tempera- 
ture of many combustible liquids. This 
information is used for protection against 
fire hazards associated with the use, 
storage, and shipment of such liquids. 
Literature and information on this device 
can be obtained from Research Appliance 
Co., Box 307, Allison Park, Pennsylvania. 


> Rapid specific-gravity measurements in 


the laboratory are made without the 
technician’s hands coming in contact with 
the fluid, by use of the new Royco Gravi- 
ometer. This patented device has par- 
ticular usefulness in the measurement of 
acids, milk, spirits, urine, etc. Available 
from Royco Instruments, 828 Arthur St., 
Albany, California. 


> Barnstead Still & Demineralizer Co., 
108 Lanesville Terrace, Boston 31, Mas- 
sachussetts announces a new type of tin- 
lined faucet for distilled water distribution 
systems in laboratories and hospitals. 
The manufacturer claims it will give long 
troublefree service with complete purity 
protection. 


> The miracle of telling what kind of a 
gas, fluid or material is flowing through a 
pipeline, without drawing off a sample, is 
now accomplished electronically. A new 
instrument called the Electronic Index- 
ometer or monitor can be used on product 
lines, in-line mixing, batch mixing, frac- 
tionation, ete. It is made by Industrial 
Gauges of West Englewood, New Jersey. 
(Continued on page A456) 
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Edtter's Gasket 


> High quality, maximum clarity vinyl 
tubing for laboratory and plant applica- 
tion, is now available from the American 
Agile Corp., Maple Heights (Cleveland), 
Ohio. The tubing will handle a wide 
variety of chemicals and reagents and has 
excellent flexibility and non-toxicity. 


> Continuing its development of a neu- 
tron generator, a project which has 
been under way for many years, Tracer- 
lab, 130 High St., Boston 10, Massa- 
chusetts, is now directing the design of 
this device toward its use in oil well 
logging. 

In addition to the great potential use in 


oil well logging, this same neutron genera- 
tor offers a wide variety of uses in other 
scientific fields. By virtue of the fact 
that it offers a relatively inexpensive 
method for the production of useful quan- 
tities of neutrons, it is expected to find 
wide use in laboratory and research applica- 
tions heretofore possible only with much 
more expensive high voltage generators 
and reactors. 


@ Multi-Matter is the publication avail- 
able from The Multi-Metal Wire Cloth 
Co., Inc., 1355 Garrison Ave., New York 
59, N. Y., on the variety of uses of their 
metal cloth. 


@ Bulletin No. 202-6 available from the 
Matheson Co., Inc., East Rutherford, 
New Jersey, describes a variety of versatile 
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OUR NEW CATALOG LISTING MORE THAN 4000 ITEMS 


DIVISION OF THE MATHESON COMPANY, INC. 


MATHESON, COLEMAN & BELL REAGENT 
CHEMICALS INCLUDE PRACTICALLY ALL 
THE ITEMS USED IN LABORATORY WORK! 


Our Reagent Organic Chemicals conform not only to 
the specifications shown in our price list but also to 
the best literature values. 


The Reagent Inorganic Chemicals carry maximum- 
limits-of-impurities labels. 


In addition to Reagent Organic and Inorganic Chemi- 


cals, many items of U.S.P., N.F., Practical and Techni- 
cal grades are available. 


WILL BE SENT ON REQUEST 


COLEMAN & BELL 


EAST RUTHERFORD, NEW JERSEY @ NORWOOD (CINCINNATI), OHIO 


Manufacturing Chemists 


flow meters for laboratory and _ 
plant use. 


@ Allied Radio Corp., 833 W. Jacks 
Blvd., Chicago, announces the rele 
of a new, 64-page Electronics Data Ha 
book that consists of a carefully selec 


collection of the most-often needdhom OTS 
formulas and data used in radio Jashingte 
industrial electronics. 

Also av 
@ A new catalog is available from Custo¢ Comm 
Scientific Instruments, Inc., 541 Deva@j1950 M 
St., Kearny, New Jersey. This catal@iiitric Ac 
contains illustrations and brief descriMWjtric Aci 


tions of 37 instruments for testing textik 
plastics, paper, insulation, extensomete 
dial indicators, light metals, and oth 
materials, 


tability, 

Jhio Stat 
ion for V 
lay, 


@ Environmental and low temperat 
equipment to simulate nearly all atmos 
pheric conditions is described in a ne 
eight-page brochure issued by the Hudso 
Bay Co., division of Labline, Inc., 307) 
82 W. Grand Ave., Chicago 22, Illinois. 
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@ Infrared Spectroscopy to Data Proces 
ing—The new Beckman Bulletin /1 
features articles about both subjects. | 
addition, timely and fact-packed article 
on other subjects of particular interes 
to the analytical and process instrumen 


tion fields are found in the quarterl&ent po 
publication. Write for Bulletin De: 
Scientific Instruments Division, H. 


Instruments, Inc., 2500 Fullerton Rd 
Fullerton, California. 


Indiana. 
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@ Jarrell Ash Co., 26 Farwell St., Newto 
ville 60, Massachussetts, announces 
4-page catalog describing their ‘Photo 
processor,’’ a compact, self-contained unit 
with all facilities needed. for uniform 
developing, fixing, washing, and drying 
of both films and plates. 


@ Fischer & Porter Co., 778 Jacksonville 
Rd., Hatboro, Pennsylvania, has just 
published a new illustrated catalog cover: 
ing the company’s line of multi-stage, 
variable-area Flowrator meters. 
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@ One of the most comprehensive refer- 
ence handbooks on aluminum ever to be 


compiled, entitled the Alcoa Aluminunf achusett 
Handbook, is now available. The nev§C and I] 
booklet provides an up-to-date successo! 
to the now discontinued Alcoa Aluminunf @ The ! 
and Its Alloys, and can be obtained fromg now ave 
the company, 781 Alcoa Building, Pitts plete li 
burgh 19, Pennsylvania. agents § 
in the |, 
@ Atomic Energy Commission research log inch 
reports released through the Office off tional a 
Technical Services, U. S. Department o!f storage 
Commerce, are now available in eight unique 
category “packages.’’ ACS., 
Each “package’’ contains all AEC§  Copie 
reports in its category available through § Chemic 
OTS in full-size, printed copies, as off Sts., St 
May 21, 1956. 8t., Ne 
Health, Physics, Biology and Medicine 
(220 reports), $74; Chemistry @A d 
reports), $164; Engineering (105 reports), balance 
$34; Geology and Mineralogy (144 reports) balance 
$42; Instruments (292 reports), $62; Met- !/100,¢ 
allurgy and Ceramics (380 reports), $92; laborat 
Physics (1190 reports), $280; Miscells- Ree 
neous (55 reports), $23. i 0., 6 
The packaged reports may be purchased J “201s. 
JOURNAL OF CHEMICAL EDUCATION, OCTOBER, 1956 Please 
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Editor's Sarket 


om OTS, U. S. Dept. of Commerce, 
fashington 25, D. C. 


Also available from OTS, U. 8. Dept. 
f Commerce for $3.50 is report, PB 
vp 11950 Materials for Handling Fuming 
his catal@\jtric Acid and Properties of Fuming 
Acid With Reference to Its Thermal 
ing textil&iability, Part IV, Mars G. Fontana, 
ensomete—hio State University Research Founda- 
and othdfion for Wright Air Development Center, 
lay, 1955. 


emperatumy The Isotope Indexc—Just published, the 
all atmo#first up to date, complete guide to the 
In a neWsotopes. This unique 64-page book lists 
he Hudsoifhe source of every known commercially 
Inc., 307Mpvailable isotope. Included are both 
Illinois. table and radioactive isotopes and 
undreds of isotope labeled compounds of 
}-14, I-131, P-32, 8-35, Deuterium, ete. 
fore than 2000 different items in all 
rom the more than 40 U. 8. and Canadian 


‘om 


‘a Proces 
lletin #1 
jects. | 
ed articlefuppliers. 

ir interes# The Isotope Index is available at $2 each 
trumentfn the U. S. and Canada ($2.50 Foreign); 
quarterient postpaid. Order from—Publica- 
tin Dept., Scientifie Equipment Corp., 
Beckmaii3 N. Hawthorne Lane, Indianapolis 19, 
rton Rd Bindiana. 


@ Anew catalog of high-heat polyethylene 
, NewtomfMlaboratory items has been published by 
ounces #Chicago Apparatus Company, 35 N. Ash- 
 “Photoffland Ave., Chicago 22, Illinois. 
ined unilff High-heat polyethylene withstands a 
uniformftemperature of 230°F., and thus is suit- 
d dryinffable for many more laboratory uses than 
is low-temperature polyethylene. 
Included in the catalog are beakers, 
bottles, siphons, funnels, graduates, and 


has ju§ other apparatus. 
cover: 


Iti-stage§ @ A new line of E-MIL “Bee-ka” ther- 
mometers, only 6” long and with rein- 
forced bulbs for stirring or crushing 

ve refer crystals, is described in Bulletin No. 8 

er to he from The Ealing Corp., Natick 3, Mass- 

uminun achusetts. Models are available in both 
he nev# C and F in several ranges. 

uminun& @ The 1956 Mallinckrodt A.R. Catalog is 

ed from now available. The catalog gives a com- 

z, Pitts§ plete listing of over 400 analytical re- 

agents and many other chemicals useful 

in the laboratory. In addition, the cata- 
research & log includes a listing of the 1955 interna- 
ffice off tional atomic weights, pertinent data on 

ment off storage of laboratory chemicals and a 

n eight unique chart specifying reagents meeting 

A.C.S., U.S.P. and N.F. requirements. 

| AECH Copies are available from Mallinckrodt 

through § Chemical Works, 2nd and Mallinckrodt 

as off Sts., St. Louis 7, Missouri, and 72 Gold 

St., New York 8, N. Y. 


ksonville 


‘edicine 
, (455 @ A data sheet on ‘‘Reyers-Progress” 
ports), J balance describes this new analytical 
eports) | balance which is said to be accurate to 
; Met-§ 1/100,000 of capacity, sufficient for most 
1), $92; laboratory determinations. 

iscella- For copies, write to Arthur S. LaPine & 
Co., 6001 8. Knox Ave., Chicago 29, Il- 
chased linois. 


“Efficient HOT-WIRE GLASS-TUBING CUTTER 


Makes Quick Clean Cuts 


@ Cuts Pyrex brand glass or soft glass @ Adjustable heat current 


@ Step by step instructions on top 
@ Wire is readily replaceable, extra wires included 


Glass tubing, bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is re- 
quired. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- § 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4'/2 x 9 inches high. 


Each, $29.50 No. 5210 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U.S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


The new NALGENE [HH] funnels are made in exactly 
60° cones. Notice the 58° inner ribbing that assures /, 
rapid filtration. The outer ribbing allows air release ; 
when used directly on a container. Molded from p 
linear POLYETHYLENE for higher tensile strength, : 
greater rigidity, and high temperature 

resistance, here is in fact....+ 


the first series of Plastic Funnels 


designed specifically for Analytical Chemistry 


The 


At Laboratory Supply Dealers Everywhere \ ALGE (0 Inc 
e 


Catalog Number 1235 [HH] ROCHESTER 2,NEW YORK 
OS” See mm 35 55 65 75 90 100 160 
Stem length ....... mm 50 60 65 75 90 86100 125 
For paper dia. ...... mm 55 90 110 125 150 185 240 
Number in each case... . = 36 36 36 24 24 12 
.30 48 .62 1.60 


Less 10% in case moet less 15% in assortments of 5 cases. 
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RAPID, 
LOW PRICE! 


BECKMAN GAS CHROMATOGRAP 


for analyzing gases and 
low-boiling liquids! 


Ir you analyze gases and liquids that boil below Chromatograph closely controls the important vati 
80° C., it will pay you to get complete information on ables in gas chromatography, making it a stable, 
this new analytical tool which features a coiled sensitive instrument. Temperature is accurately regu 
chromatographic column. lated by a sensitive thermostat; flow is accurately con: 

trolled by combining a pressure-regulator and high: 
The Gas Chromatograph is a specialized instrument pressure capillary orifice. The detector is an excep 
that gives topnotch performance. It is simple, com- _ tionally stable diffusion-type filament cell which has: 
pact, easy to use. Provisions have been made so that short path-length for fast response. 


a standard potentiometer recorder may be employed. 
Bulletin AC-482 tells the whole story. _ not ask 
In spite of its small size (20’x16"x9"), the Gas us for a copy? 


SCIENTIFIC GLASS 


Y 
LABORATORY APPARATUS ~ INSTRUMENTS - CHEMICALS - GLASSWARE { 
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RELIABLE - HIGHLY SENSITIVE - ALL-AROUND 
TRIPLE-BEAM BALANCE 
All Exposed Parts of Stadnless Steel 


Capacity 111 grams 
(201 grams using auxiliary weight) 


SENSITIVE TO 
0.01 gram or less 


¢ 3 Graduated Scale Levels 
e Hard, Cobalite Knife Edges 


« Grooved Agate Bearings 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.0L gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using the auxiliary weight listed below, the capacity 
can be increased to 201 grams. 


This is a convenient balance. The beam is con- 
structed of one piece, the three scales being at slightly 
different levels where they are easy to read and their 
riders are easy to manipulate. The riders cannot be 
removed and lost. Zero setting is fast because the 
final adjustment-—-which is often done carelessly be- 
cause it takes so long with other balances—is accom- 
plished by a leveling screw in the base. The usual 
threaded zero-adjusting weight is provided on the 
beam but is needed only for rough adjustment. 


Significant resistance to corrosion has been achieved 
by making every exposed metal part of this balance of 
stainless steel. The base and beam support are 
beautifully finished in durable, easy-to-clean, baked, 
on, silver-gray Hammerloid. 


The gradual deterioration of the knife-edges and 
bearings experienced in other balances has been 


sharply reduced by making the knife-edges of Cobalite, 
a very hard, non-rusting metal which retains its orig 


inal true edge for an exceptionally long time. The 
grooved agate bearings are designed and protected in 
such a way that they are rarely damaged. Yet they 
are readily accessible for occasional cleaning. 


The middle scale weighs up to 100 grams in 10-gram 
notched steps, the rear scale to 10 grams in |-gram 
notched steps, and the front scale to | gram by a rider 
sliding over a scale graduated to 0.01 gram. All 
numerals and graduations are etched and filled black. 
An adjustable platform for specific-gravity determina 
tions, and which may also be used to hold the pan 
from swinging during transportation, is included. 


The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 
the hanger is 10'/, inches high. Each, $27.50 


4031. AUXILIARY WEIGHT. For use on the 100- 
gram notch of No. 4030 Balance to increase weighing 
capacity from 111 grams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 


ance, Each, $1.50 
4030C. PLASTIC COVER, For No. 4030. 
Each, $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1880—— 


1515 SEDWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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| THE KEY TO THE PROBLEM 


Several years ago we became conscious of the fact 
that in America the supply of trained scientists and 
engineers was inadequate to the demand. At about 
the same time we began to become aware of the great 
build-up of scientific and engineering manpower by 
our chief competitor—Russia. And we have recog- 
nized that we are engaged in a scientific-technological 
race Which has important implications for the national 
welfare and security. It seems a safe assumption that, 
in the long run, the country which wins, this race will 
be the dominant world power. 

The result has been a grave concern over the critical 
shortage of engineers and scientists and a multiplicity 
of efforts and projects to analyze the situation and find 
ways of doing something about it. It seems to me 
that the key to the problem consists in providing gifted 
young men and women the opportunity to study science 
and mathematics in high school under competent and 
inspiring teachers. Most commitments to careers in 
science and engineering are made in the secondary 


readers, 


A. C. 8. President J. C. Warner needs no introduction to our 
He is known as “Jake’’ by many, recognized by all. 
Hoosier born and trained, he has combined the teaching, writing, 
and physical-chemistry research of academic life with wide ex- 
perience as a consultant to industry. The Carnegie Institute of 
Technology has been his base of operations since 1926. Recog- 
nition of his abilities has pushed him up the campus ladder to 
president of the institution in 1950. His service to the A, C. 8. 
has had a similar increase in scope through local and national 
positions to its presidency in the current year. The government 
has sought his counsel and advice by placing him on its advisory 
committees to the A. I, C. and other agencies attacking the 
billion-dollar laboratory problems of today’s science. On this 
page he expresses his conviction about the increasingly more 
pressing challenge, “Who will do tomorrow’s research?’’ This 
is the problem being attacked in every classroom of the nation, 
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schools, few after the student has entered college. How 
can we expect to win commitments to science and 
engineering from students in high schools which do not 
offer this opportunity? 

I know a high-school chemistry teacher who in 
thirty-odd years of teaching has inspired approximately 
500 students to prepare in college for scientific careers; 
of this an even hundred have earned the doctorate. 
I’m sure our problem would be solved quickly if every 
high school and preparatory school in America had at 
least, one science or mathematics teacher of the caliber 
of this man. 

The answer seems simple. ‘To do something about it 
means paying such salaries as will attract men and 
women who can teach, who understand the subject. 
they are teaching, and who know enough about the 
qualities that lead to success in the scientific professions 
that they can guide gifted students in their selection of 
a career. 

America can have what it needs and seems to want if 
it is ready to pay for it. 

Joun C. WARNER 
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* THE NATURE OF CHROMATOGRAPHY’ 


Cunromarocrarny is a method by means of which 
mixtures may be separated so that under favorable 
conditions the components are obtained pure. But 
since there are so many kinds of mixtures, and so many 
different processes that may be used in analyzing them, 
it is necessary to look at the entire realm of analysis 
in order to see clearly the special features that dis- 
tinguish chromatography and the various chroma- 
tographies. 

There are three kinds of analysis: qualitative, quanti- 
tative, and relationship (or structural) analysis. These 
can be sufficiently clearly marked off from each other 
under normal conditions that they can be used for 
classification. (There are situations in which it may 
be difficult to make a clear distinction between any 
two, but these are not of particular importance here.) 
Chromatography is a form of qualitative analysis. As 
with all qualitative methods chromatography may be 
made quantitative, but the method, in its strictly 
chromatographic aspects, only separates mixtures 
and tells neither how much of each component is pres- 
ent nor the relationship of that component to the 
others in the original mixture. It is important to 
notice this because the apparatus and procedures of 
chromatography are essentially very simple. The 
quantifying accessories are usually of necessity com- 
plicated. They are important and necessary parts of 
the apparatus, but are only adjuncts to the chromatog- 
raphy. This has to be emphasized because when this 
distinction is not made the chromatographic parts of 
analyses often disappear under the tremendous variety 
and complexity of the associated instrumentation, 
and what is essentially simple from a functional point 
of view becomes hidden in a mass of contrivances. 

Qualitative analysis (as well, also, as quantitative 
and relationship analysis) may be applied to all kinds 
of mixtures. These may be classed for convenience 
as mixtures of bulk-level matter, as molecular mixtures, 
and as submolecular level compositions. These classes 
are not rigidly defined, since some large molecules 
approach particulate bulk (colloidal) matter in size, 
and since separations of ions are much more con- 
veniently classed as molecular than as submolecular 


1 Presented as part of the Symposium on Vapor Phase Chroma- 
tography before the Division of Analytical Chemistry at the 
129th Meeting of the American Chemical Society, Dallas, 1956, 
and taken largely from the manuscript of a new book on chroma- 
tography now in preparation. 

? Communication No. 1370 from the Sterling Chemistry 
Laboratory, Yale University. 


HAROLD G. CASSIDY 
Yale University, New Haven, Connecticut 


species separations. This classification is for the 
purposes of utility rather than for the files of the 
formalist. 

Chromatography belongs among the methods appii- 
cable to molecular mixtures. For this reason it is 
wrong to speak of chromotography as a filtering proc- 
ess. Filtration applies to the separation of bulk 
particulate matter (see Table 1) and it is misleading 
to speak of filtering molecular mixtures apart in a 
chromatography apparatus. This means, also, that 
in order to investigate a substance chromatographically 
it must be reduced to a molecular mixture. This is 
sometimes not ensured, and may account for some of 
the nonmoving material occasionally found at the top 
of a column or at the site of the initial zone on paper, 
whence the mention here. 

There are in general two types of qualitative analy- 
tical methods for separating molecular mixtures: 
the chemical and the physical. Through both of these 
methods the object is to convert the molecular mixture 
into new mixtures of more desirable compositions, or 
in the most favorable cases into pure constituents, 
which are separable by bulk procedures. For example, 
a chemical separation of a molecular mixture of silver 
as the nitrate from sodium nitrate might depend on 
plating out the silver, inducing it to deposit on a bulk 
electrode that may later be removed mechanically from 
the system. An example of a physical method is 
found in distillation. The mixture to be separated 
is partially volatilized under conditions of temperature 
(and reflux, perhaps) that produce a vapor of different 
composition from the liquid, then these two phases are 
mechanically separated, usually by condensing the 
vapor separately. 

Put in general terms, the homogeneous molecular 
mixture (a phase) is converted to a heterogeneous 
system, the phases of which can then be separated by 
mechanical means. This is typical of most of these 
separations at the molecular and submolecular levels. 
The distinction between chemical and physical classes 
(Table 1) is convenient and not absolute. In the 
former, the interactions that lead to separation are 
chemical in nature; in the latter, physical. Chromatog- 
raphy belongs among the physical methods, though as 
Tswett pointed out in the early 1900’s there is no real 
reason why there may not be developed chromatog- 
raphies that depend on chemical reactions. Some of 
these are, indeed, known. 

Among the qualitative methods that depend pri- 
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TABLE 1 
The Field of Analysis 
Analysis 
Qualitative Relationship 


May be naa to 


Mixtures of bulk-level materials 


Methods of separation involve: 


Molecular mixtures 


Methods of rely on 


| 
Submolecular-level compositions 
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Methods of separation involve breaking 
of chemical bonds 


Chemical reactions 
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of the Sorting, filtering, mechanical 
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ig proc-§ Distribution Thermal Gravitational 
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leading See Table 2) 
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Mass spectrographic 
analysis (some 
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rt in a 


‘allyfmarily on physical interactions we can list a group 
hat utilizes distribution between phases (Table 1). 
Chromatography falls in this group. The group 
Table 2) contains two classes of distribution systems: 
‘those that involve two bulk phases; and those that 
involve a bulk phase and a thin phase or film. The 
first kind includes distillation, absorption, extraction, 
crystallization, and sublimation. The Second kind 
includes all the chromatographies. It should be 
pointed out that although only distributions between 
two phases are classified here, the classification may 
be extended to more phases. Further, as with the 
previous categories, there are regions of overlap. 
For example it may be difficult to decide in certain 
cases how thick a film must grow to be before it is 
classed as a bulk phase. Also, the classification does 
not include combinations of two or more methods into 
one, as in extractive distillation. Such possible 
combinations can be derived from these tables. 

The nature of chromatography is not fully delineated 
until one further characteristic is brought out. The 
pairs of phases of all kinds, listed in Table 2, can be 
brought into contact (so that the distribution can 
oceur) in two basically different ways: in batchwise 
(which includes for our purposes cocurrent and cascade) 
and in differential countercurrent contacting. It is 
the second of these methods of contacting that charac- 
terizes chromatography. 

It can be understood, from Table 2, why it is that 
“chromatography” is such a tremendously extensive 
and varied field. Whereas among the systems that 
are produced by distribution between two bulk phases 
that are contacted in a differential countercurrent 
manner each system has a different name: distillation 
under reflux, extraction in a packed tower, etc., when 
a bulk phase and a thin phase are utilized all the 
systems are called chromatographic. The field of 
chromatograpy is therefore comparable in extent to 
that which includes all the others. 
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DEFINITION OF CHROMATOGRAPHY 


We are now in a position to define chromatography 
and to classify the different kinds of chromatography 
under the generic definition. Chromatography com- 
prises a group of methods for separating molecular 
mixtures that depend on distribution between a bulk, 
usually mobile phase and a thin, usually stationary 
phase. These are brought into contact in a differential 
countercurrent manner. In most chromatographic 
methods, the bulk mobile phase flows over the thin 
stationary phase. In all cases the molecules of the 
mixture to be separated distribute between the two 
phases. Those that tend more to the stationary phase 
are retarded with respect to those that tend more to 
enter the mobile phase; the latter thus move away, in 
the stream of mobile phase, from the former and become — 
separated. The mobile phase may be a solvent, — 
developer, eluent, or displacer depending on its function. 

When the bulk mobile phase is a gas, or vapor, and 
the thin stationary phase is a liquid film held stationary 
on a support, the system comprises “gas-liquid partition 
chromatography” (GLPC) or “gas partition chromatog- 
raphy” (GPC). When the bulk mobile phase is a gas 
and the stationary phase is at the surface of an adsorb- 
ent, the system is “gas adsorption chromatography” 
(GAC). The two may not always be distinguishable 
with absolute certainty, in which case a more non- 
committal term “gas chromatography” may be used. w 

When the bulk mobile phase is a liquid, and the thin 
stationary phase is a liquid film, a gel, or imbibed layer, 
the system is “liquid-liquid partition chromatography,” 
or “partition chromatography,” a special case of which 
is “paper partition chromatography.” If the sta- 
tionary phase is furnished by the surface of a solid 
adsorbent, the system comprises classical ‘‘adsorption 
chromatography,” or Tswett-column analysis. ‘“Ion- 
exchange chromatography” falls also in this group. 
These may not be clearly distinguishable under all 
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TABLE 2 
Cross-table of Phase-pair Distributions, and the Methods that They Generate ve e 
phases arrier 
Bulk phases Gas or vapor (G) Liquid (L) Solid (§) eg 
Gas or vapor (G@) nd the 
Liquid (L) G-L L-L ily the 
Distillation, Extraction hixture € 
Absorption absorption dered ir 
Solid (8) G-S S-L 8-S pproxim 
Sublimation Crystallization (Enfleurag#i tions 
Thin phases M-G M-L ay mak 
Liquid film or ‘‘mobile” interfacial film (M) Gas partition chroma- Liquid-liquid partition chromatographire ise: 
tography (GPC) oam and emulsion chromatographi graphy 
“Immobile”’ interfacial film at the surface of a I-G I-L ; ; olarizab: 
solid adsorbent (1) Gas adsorption chroma- Conventional adsorption chromatofey ope: 
tography (GAC) raphy or Tswett adsorption analysig * diff 
ion-exchange chromatography aitrers 
« In this case an artificial interface, a membrane or barrier, must be put between the phases. The hy 
eloped, 
. 1 this fi 
circumstances, for, as Tiselius pointed out, if an ad- developer with gradually increasing eluting power t@henclatu 


sorbed film becomes thick enough the conditions for 


partition chromatography may arise. 

Finally, if the bulk phase is liquid and the thin film is 
the interfacial region formed at the surface of bubbles 
of gas, or droplets of liquid passing through the bulk 
phase, we have foam or emulsion chromatography, as 
the case may be. 

These six types comprise all the kinds of chromatog- 
raphy that differ because of the phases employed. 

There are, however, differences in technique that 
enable a further differentiation between chromato- 
graphic methods. In principle, all of the above kinds 
of chromatography may be carried out by the tech- 
niques of frontal analysis, development and elution 
analysis, displacement and carrier displacement analy- 
sis, and gradient elution analysis. Frontal analysis 
is an old method of using a bed of adsorbent. The 
mixture to be treated is passed into the bed until 
break-through occurs, when a front of the least strongly 
retarded component of the mixture issues from the 
bed of stationary phase, followed by a front containing 
also the next least strongly held component, and so on, 
with, in favorable cases, one front for each component 
{including the solvent), The very old method of 
“capillary analysis” belongs in this category. In 
development analysis, an amount of the mixture to 
be analyzed that is small relative to the capacity of 
the bed of stationary phase is applied to the bed. The 
developer then separates the components of this mixture 
out, as described above, to form zones of the com- 
ponents in the bed. (The bed of stationary phase 
may, of course, be a strip or sheet of paper.) In 
elution analysis these zones are made to issue from the 
bed one after the other. Displacement and carrier dis- 
placement analyses employ more strongly adsorbed 
substances, added to the mixture and already present 
in the mixture, to displace less strongly adsorbed ones, 
so that the zones move along the bed and out of it in a 
compact array. Gradient elution analysis employs a 


crowd the rear part of each zone toward the main bod 
of the zone, thus decreasing the ill effects of tailing 
These names were given to the methods by Tiseli 
and his co-workers, who invented the displacemer 
techniques. 

It has been pointed out that in all kinds of chromatog 


‘raphy the distribution process that leads to a separ 


tion occurs between a bulk phase and a thin phase i 
differential countercurrent contact. A consequen 
of this method of contacting is that there is never an 
over-all equilibrium in the system (though a stead 
state may be achieved temporarily and _ locally; 
A further consequence is that as one phase is a thi 
film, and hence a region of somewhat limited freedo 
for the molecules that enter it, geometrical facto 
may become important in influencing the separatio 
This is particularly so when the thin film is at th 
surface of a solid adsorbent, for here not only is tht 
film thin, often of molecular thickness, but also th 
surface of the adsorbent is practically always inhomo 
geneous in terms of interactive sites as well as of topo 
ogy. This may explain the very subtle differentiatio 
that occur between molecules admitted to the stationa 
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A special feature of gas adsorption and gas partitiomvell kno 
chromatographies is that the distribution picture igfal probl 
greatly simplified, especially in the latter case, com@ In 19: 
pared with the chromatographies that employ bulMfiquid ps 
liquid phases. Where the mobile phase is a_ bulifeparatic 


sible if 
h Moving 
buggestic 
Bhowed 1 


liquid, the separation depends on competitive inter 
actions between the molecules of the mixture and tho 
of the mobile and stationary phases. (The compet 
tions involve, also, possible associative effects.) Fur 


ther, there is an additional competition for the stationgrated by 
ary phase by the molecules of the mobile phase. Whildfield ha: 
these three competing interactions add a tremendovffiave be 
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aphic methods, they do complicate practice and 
eory. In the gas-liquid partition method two of 
ese competing interactions virtually vanish. The 
prrier gas (the bulk mobile phase) is usually chosen 
» be virtually inert toward both the stationary phase 
id the mixture to be separated. Hence there are 
ily the interactions between the molecules of the 
nixture and those of the stationary phase to be con- 
dered in theory and practice, at least to a good first 
pproximation. (For this reason the mutual inter- 
tions of different kinds of molecules in the mixture 
ay make their effects more noticeable.) It there- 
bre is easier to see, in gas-liquid partition chroma- 
graphy, the operation of dispersion, dipole-dipole, 
olarizability, and hydrogen bonding interactions as 
ey operate in the separations of different mixtures 
n different stationary phases. 

The gas chromatographies are being rapidly de- 
eloped, and a great service would be done to workers 
1 this field, as well as to newcomers, if suitable no- 
enclature were agreed upon. At present, at least 


NTRODUCTION 


The technique of chromatography has in recent years 


become a powerful analytical and research tool. The 
principles of chromatography are simple, its application 
isually does not require elaborate apparatus, and fre- 
juently separations can be effected which are difficult or 
mpossible by other methods. 

Until recently, chromatographic methods were limited 
0 the handling of liquid mixtures or solutions. Al- 
hough the phenomenon of gas adsorption on solids was 
ell known and had found application to some analyti- 
al problems, this technique was not widely developed. 
1941 Martin and Synge introduced liquid- 
iquid partition chromatography, and suggested that 
eparation of volatile substances should be _ pos- 


Their 


howed that mixtures of aliphatic acids could be sepa- 
ated by this method. Since that time, progress in this 
eld has been extremely rapid. Numerous papers 
ave been published, symposia have been held, and 


several manufacturers have instruments in production. 


four different names are being used for gas partition 
chromatography, and two for gas adsorption chroma- 
tography The inventors of the partition method, 
Drs. A. T. James and A. J. P. Martin, called it gas- 
liquid partition chromatography, a name shortened 
by the Shell Development Group to GLPC. In the 
discussion during the last session of the Dallas sym- 
posium it seemed generally agreed that suitable names 
for the techniques are “gas partition chromatography,” 
and “gas adsorption chromatography,’ with the more 
general term “gas chromatography” to include both.* 
To these names can be added the terms that qualify the 
techniques of operation, if that should be necessary, 
namely frontal analysis, elution analysis, displacement 
analysis, and gradient analysis. In the last case the 
type of gradient, whether concentration, temperature, 
or whatever else, may have to be specified. General 
willingness to use these names would contribute to the 
clarity of the growing literature on gas chromatography. 


5 Letter from the chairman of the Symposium, Dr. Charles B. 
Willingham. 


JOHN R. LOTZ and 
CHARLES B. WILLINGHAM 


Mellon Institute, Pittsburgh, Pennsylvania 


ras-phase chromatography! differs from the more 
familiar liquid-phase method in that the mixture to be 
separated is vaporized into a stream of inert carrier 
gas and passed through a column appropriately packed 
for separation by gas adsorption or gas-liquid partition 
chromatography.'! A detecting device at the exit end 
of the column indicates the presence of the separated 
components of the mixture as they emerge. In gas 
adsorption chromatography (3, 4, 5), the column is 
packed with a solid such as activated carbon, alumina, 
or silica gel. The sample is adsorbed and its compo- 
nents are selectively removed by elution by the carrier 
gas (elution chromatography) or by displacement in 
which the carrier gas contains a vapor which is more 
strongly adsorbed than the sample (displacement. 
chromatography). 


1 Notre AppEp IN Proor: In conformity with the agreement 
reached in the discussions of this topic at the Symposium on 
Vapor-Phase Chromatography before the Division of Analytical 
Chemistry at the 129th Meeting of the American Chemical Society, 
Dallas, April, 1956, the term ‘‘gas phase chromatography’’ should 
be replaced by the preferable ‘“‘gas chromatography.’’ Similar 
preference should be given to ‘gas partition’’ in place of the term 
“gas-liquid partition’’ where it appears in this text. 
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Several papers dealing with the theoretical aspects of 


gas-phase chromatography have been published (2, 7). 


In gas-liquid partition chromatography, the potential 
method originally proposed by Martin and Synge, the 
sample components are alternately dissolved in and 
vaporized from a high-boiling liquid which is impreg- 
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Figure 1. Block Diagram of Apparatus 


nated on an inert solid suppor.. Because of differences 
in their gas-liquid partition coefficients, the components 
of the sample are moved along the column at different 
velocities, and hence emerge from the column at 
different times. The process is thus somewhat anal- 


ogous to a small-scale extractive distillation. 

For low-boiling materials gas-adsorption chromatog- 
raphy gives good results, but gas-liquid partition 
chromatography is the preferred method for samples 


which are liquid at or above room temperature and for 
strongly adsorbed substances which are difficult to 
remove from active adsorbents even at elevated 
temperatures. When a sample has completely passed 
through a partition column, the column is in its original 
condition and can be used immediately for another 
sample. Because of irreversible adsorption, an adsorp- 
tion column cannot be used indefinitely without 
regeneration. The use of both methods in the same 
column, by supporting a very small quantity of a 
partitioning liquid on active carbon, has been reported 
(6). The majority of work done in gas-phase chroma- 
tography has used the gas-liquid partition technique, 
and for that reason most of the present paper will deal 
with this type of separation. 

Gas-phase chromatography as an analytical tool 
could be applied to nearly any material which has an 
appreciable vapor pressure. Separations of mixtures 
of such diverse types as acids (2, 7), alcohols (8), 
amines (9, 10), esters (8, 11), and several classes of 
hydrocarbons (6, 12, 13, 14) have been reported. It is 
rapid, uses very small samples (with the possibility of 
recovery of the sample components for examination by 
other methods), and requires fairly simple and com- 
paratively inexpensive apparatus. Like any other 
technique, gas-phase chromatography has limitations. 
It is not likely to render obsolete such well-established 
methods as analytical distillation and infrared or mass 
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spectroscopy, but should prove to be a valuable supple. 
ment to these methods. 

Although its main use thus far has been in analysis, 
gas-phase chromatography should find many applica- 
tions in other phases of research work. The deterni- 
nation of partition coefficients (15) may be cited as just 
one example. 

This paper is intended not as an exhaustive review of 
gas-phase chromatography, but rather as an introduc. 
tion to the subject. Sufficient literature references 
have been given, however, to serve as a point of depar- 
ture for further study. 

Much of the research in this field to date has been 
carried on in industrial laboratories. Because of its 
simplicity and relatively low costs, gas-phase chromatog- 
raphy offers attractive research possibilities for the 
college laboratory and a considerable increase in interest 
from that quarter may be expected. 


APPARATUS 


A block diagram of the apparatus required for gas- 
phase chromatography is shown in Figure 1. The 
separate components will be discussed below. 

Columns. Since the column handles only gases, it 
may be operated in any position. Long columns may 
be bent or coiled into any convenient shape. Although 
glass columns are frequently used, metal tubing has the 
advantages of ruggedness and ease of connection to 
other parts of the system. Soft copper tubing is 
perfectly satisfactory provided it is not attacked by the 
sample vapors; stainless steel is more resistant, but is 
somewhat more difficult to shape. 

The type of packing for the column will depend upon 
whether adsorption or partition chromatography is 
under study. As has been mentioned in the introduc- 
tion, active adsorbents such as carbon or silica gel are 
used in the former method, while inert solids impreg- 
nated with high-boiling liquids comprise the packing 
for the latter operation. Diatomaceous earth (Celite) 
has been a popular supporting material, but other sub- 
stances, such as crushed and screened firebrick (16) and 
glass spheres (17), have been used. Esters, such as 
phthalates; mineral oils; vacuum-pump oils; silicones; 
and higher alcohols are some examples of the many 
liquids which have been tested in partition columns. 

If the sample components form ideal solutions with 
the liquid phase in the column, they will be eluted by 
the carrier gas in order of decreasing vapor pressure 
(or of increasing boiling point). If nonideal solutions 
are formed, the sample components may be held back 
to an extent depending upon the deviation from ideality. 
This may of course prove to be an advantage in some 
separations. 

The column liquid should have a negligible vapor 
pressure at the temperature of operation, it should be 
stable, and it should not react with the sample. 
Further discussion of the properties of column liquids 
has been given by Hausdorff (78). 

At present the choice of a column liquid is largely 
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mpirical, with each laboratory exploiting those liquids 
hich it has found to give acceptable separations. 
t is obvious that no one class of liquids will be 
atisfuctory for the separation of all types of mix- 
ures, but it is likely that columns that combine the 
fiectiveness of several liquids might be of wide applica~ 
ility. This field is a very active one at present, and 
any new developments may be anticipated. 
Detectors. In liquid-phase chromatography the 
olumn effluent may be divided on the basis of color or 
ther properties, or fractions may be collected on a time 
r volume basis and analyzed by appropriate methods. 
n gas-phase work, a continuously operating sensing 
evice is used, and its signal is applied to a strip-chart 
order. As the sample components emerge frem the 
olumn, their concentration in the carrier gas stream 
quite low (of the order of a few per cent) and con- 
equently a sensitive detector is required. Any 
broperty sensitive to small changes in concentration 
might be used as the basis for a detector, but only a 
ew have proved practical. 
In some of the earliest work in this field, James and 
fartin (2) studied fatty acids and amines by means 
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ses, Itf an automatic recording titrator. Such a detector 
18 MAY Byould of course be suitable only for ionizable samples. 
though Hames (19) described a gas-density balance which gave 
188 the Brood results, but this does not appear to have found 
10n tofvidespread use by others. Among other detection 
ing Simethods might be mentioned the measurement of 
by thehange in surface potential between two metal plates 
but is pxposed to the column effluent (20) and changes 
n temperature of-the flame of burning carrier gas 
1 upon hydrogen) caused by the presence of sample (2/). 
ohy isf\lthough not a detector in the usual sense, the method 
roduc-Hevised by Janak (22) is interesting: carbon dioxide is 
gel are Bised as the carrier gas, and after passage through the 
npreg- Folumn the carbon dioxide is absorbed in concentrated 
4 king potassium hydroxide solution and the volume of the 
Jelite) Bnsoluble sample components is measured. 
r sub-# In this country, most detectors are based on the 
5) and Mifference in: thermal conductivity between the pure 
ach as Fearrier gas and the carrier gas containing sample vapor. 
cones; # In essence, a differential thermal conductivity cell is 
many #2 Wheatstone bridge in which carrier gas flows over or 
ans. fear two of the resistors (thermistors are sometimes 
3 with ed) and the column effluent over or near the other 
ed by two. In some cells only one resistor is exposed to 
essure Kearrier gas and one to column effluent, and external 
utions Hixed resistors make up the other two bridge arms. 
| back [The cell resistors are heated by passage of current, and 
sality- [the bridge is adjusted so that it is in balance when only 
some Warrior gas is coming through the column. Emergence 
of sample from the column causes a change in the 
vapor ithermal conductivity of the effluent as compared with 
ld be fithe carrier gas. This results in a change in temperature, 
mple. fand consequently a change in resistance, of the resistors 
quids Fexposed to the column effluent. The resulting un- 
balance of the bridge is then applied to the recorder. 
gely BThermal conductivity cells are available from several 
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50 
Time , Minutes 


Figure 2. Separation of I ric H Slower Flow Rate 


Three-foot column, 25°C., Nz carrier gas, 5.7 ml./min. flow rate thermis- 
tor-type thermal ductivity detect 


manufacturers,” but their construction is not beyond the 
ability of a good technician (1/7). Typical wiring 
diagrams and a discussion of cell sensitivity have been 
published (/6). 

The requirements for a recorder suitable for use with a 
thermal conductivity cell are not particularly stringent. 
Probably any such instrument having a full-scale 
sensitivity of ten millivolts or less could be used. In 
theory, the output of the cell could be fed to a galvanom- 
eter and readings taken manually, but this would be 
far less convenient and less accurate than the use of a 
recorder. 

Carrier Gas. If a differential thermal conductivity 
cell is used as a detector, the carrier gas should have a 
thermal conductivity as different as possible from that 
of the samples. Hydrogen, whose thermal conductivity 
is of the order of seven times that of most organic 
vapors, is best in this respect. Hydrogen does, in fact, 
give excellent results, but 
its use is attended by some 
hazard, and the possibility 
of reaction of unsaturated 
compounds with hydrogen 
on the hot cell filaments 
should be considered. The 
latter objection is of course 
important only if the sam- 
ples are to be recovered. 

Helium gives a sensitivity 
second only to hydrogen. 
In addition; helium is safe 
to handle and cannot react 
with samples. Its cost is 20 
somewhat greater, but not Time , Minutes 
prohibitively so. Where Figure 3. Separation of Iso- 
highest sensitivity is not meric Mexanee—Fester Flow 
required, nitrogen is satis- 
factory, and even clean air 
could be used. However 


+ 


Detector Response, mv 


Conditions same as those for 
Figure 2 except flow rate of 30 
ml./min. 


2 Gow-Mac Instrument Company, Madison, New Jersey; 
Victory Engineering Corporation, Union, New Jersey. 
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OPERATION 


Figures 2, 3, 4, and 5 show some typical resul 
obtained in the authors’ laboratory. The sample iz 
all cases was an equal-volume mixture of the fiyg 
isomeric hexanes, and the columns were packed with 
mixture of 40 per cent di-n-decyl phthalate and 60 pe 
cent Celite 545. The “balanced-column”’ flow systen 
(14) was used. 

It should be noted that only four peaks are shown in 
these figures. Two of the hexanes, 2-methylpentane 
and 2,3-dimethylbutane have nearly equal times of 
the column under the conditions used, and are therefor 
not separated. These compounds coming off togethe 
yield the large second peak shown in the figures 
Separation of this pair, using slightly different con- 
ditions, has been reported (6, 16). 

It is evident from inspection of Figures 2 and 3 that 
the effect of flow rate, at least within these limits, if 
merely to compress or expand the time axis. A similaj 
effect could be had by changing the chart speed of th 
recorder. At first sight it might appear that the lowef 
flow rate gives an improved separation. Closer inspec 
tion of the curves will show, however, that in Figure: 
the peaks are much broader and their centers are les 
distinct. Consequently, if time measurements are ti 
be taken from the chart, it is more difficult to locate 
accurately the center of the peak. In other words 
the resolving power of a given column operated at : 
given temperature is not a function of the fiow rate. 
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Detector Response , mv 


% 30 25 


20 5 
Time, Minutes 


Figure 4. parati 


of I, ic H Lower Temperature 


Six-foot column, 60°C., Ne carrier gas, 11.0 ml./min. flow rate, ‘‘hot 
wire’’-type thermal conductivity detector. 


nitrogen, unlike hydrogen or helium, does not give 
the same response for all types of samples. This is not 
serious for qualitative work. Calibration with known 
amounts of pure samples is necessary for quantitative 


analysis. 
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Detector Response , mv 


Nn 


15 5 
Time , Minutes 
Figure 5. Separation of Iso- 
meric Hexanes—Higher Tem- 
perature 


Conditions same as those for 
Figure 4 except temperature of 
100°C. 


Sample introduction. Gas- 
eous samples are easily 
introduced into a gas-phase 
chromatographic system by 
sweeping carrier gas through 
the sample bulb. A pair of 


_ three-way stopcocks _per- 


mits by-passing the bulb 
until the sample is to be 
transferred to the column. 

Liquid samples have most 
often been introduced by 
some type of hypodermic 
syringe through a rubber 
serum bottle cap. James 
and Martin (2) have used 
ultramicropipets with good 
results. Dimbat, Porter, 
and Stross (16) have de- 
signed a system to be used 
with weighed samples in 
sealed glass bulbs. Al- 
though considerably more 
elaborate than those al- 
ready mentioned, this 
should give excellent re- 
sults. 


Comparison of Figures 4 and 5 shows that increased 
temperatures, like increased flow rate, shorten the 
time required to move the sample through the column. 
Higher temperatures, however, definitely decrease the 
resolving power of the column, as is shown by the 
disappearance of one peak in the 100° run. 

Thus for maximum separation the column should be 
operated at the lowest possible temperature. If the 
low temperature results in an inordinately long time for 
the sample to travel through the column, this condition 
can be corrected to some extent by increasing the flov 
rate. For samples with wide boiling ranges, it may nof 
be possible to examine the entire sample using a sing: 
set of operating conditions and several runs may be 
necessary. In general, the best conditions for any givell 
apparatus and sample must be determined by tria/ and 
error. 

When a particular apparatus is operated at fixed 
conditions, the time required for a given substance té 
reach the end of the column is characteristic of that 
substance. This time, the retention time, is a functiol 
of temperature, flow rate, carrier gas, and column pack 
ing, as well as dimensions of the apparatus. Therefore, 
individual calibrations are required. 

It is possible to eliminate the effect of flow rate by 
expressing results in terms of retention volume 
(product of retention time and flow rate). It is cov 
venient to express retention times or volumes relativ? 
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o some standard material, thus eliminating all variables 
except temperature. For example, retention volumes 
and relative retention volumes compared to n-pentane 
have recently been published for the hexenes and 
exanes (14). 


Therefore, if the apparatus has been calibrated with 

nown compounds, identification of an unknown may 
often be established by comparison of the unknown’s 
etention time or retention volume with those of the 
standards. 


resul 
ample iy 
the fivg 
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d 60 pe 
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shown in 
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Various relationships involving retention volumes have 
been discovered, and these may be of value in identifica- 


as ion work. For example (7), a plot of the logarithm of 
me ‘g al etention volume against number of carbon atoms gives 


different straight line for each homologous series. 
gain, a plot of retention volumes in one column pack- 


d3 thang against those in another gives a series of straight 


ee “Bines for different classes of compounds (7). 

4 of If operation is such that the response of the detector is 
he lowedependent of the nature of the sample, the relative 
ee of the peaks on the recorder chart are proportional 
Figure the mole percentages of the components in the sample. 
are les his gives a ready method for quantitative analysis. 


Peak areas may be measured with a planimeter, or 
estimated from the product of their height and width 
at half-height (23). The sample size does not enter 
mito the calculation and therefore the sample need be 
nly of such size as to yield peaks which can be easily 
measured. If, however, only one component is to be 
determined in the sample, the sample size must be 
accurately measured and the apparatus must be cali- 
rated with known amounts of the desired component. 
Alternatively, a known amount of some internal stand- 
ard may be added to the sample, and the percentage of 
an unknown component calculated from a proportion 
involving its peak area and that of the standard. 
Detector response nearly independent of sample 
nature is achieved with hydrogen or helium as carrier 
gases, but not with nitrogen. In the latter case, 
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SUMMARY 


Gas-phase chromatography offers a simple and rapid 
method for the separation and analysis of nearly any 
mixture whose components have appreciable vapor 
pressures. Its apparatus requirements are relatively 
simple and inexpensive, and the technique of operation 
is easily mastered. 
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GAS-PHASE CHROMATOGRAPHY: A CLASS 


EXPERIMENT 


Rererence has been made in the preceding paper (p. 
484) to the rapid advances which have been achieved 
recently in the field of gas-phase chromatography and 
it is clear that the technique will play an increasingly 
important role in the work of both the organic and 
physical chemist. For this reason, it seems desirable 
that advanced students should acquire first-hand ex- 
perience of the method, and this they can do with the 
present apparatus which is simple and easily con- 
structed. 


APPARATUS 


The apparatus is shown schematically in Figure 1. 
The nitrogen, kept at constant pressure by the bubbler 
H, passes through the flow meter F, the U-shaped 
column C, and then the thermal conductivity cell 7. 
Fluctuations in pressure are removed by the ballast 
flasks B, and B, and the flow rate is controlled by the 
needle valve V. S is the injection site and the mercury 
manometer M, which measures the pressure drop across 
the column, is optional. 

The column is 6 feet in length and 5 mm. in bore; 
it is filled with dinonyl phthalate (di-3,5,5-trimethyl- 
hexyl phthalate) supported on the kieselguhr, Celite 
545, in accordance with the recommendations of James 
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and Martin.!. The column is enclosed in a glass tuby 
to screen it from drafts. 

The thermal conductivity cell will be described in 
detail because the performance of the apparatus de 
pends on the proper functioning of this unit and the 
present design was found to be highly satisfactory: 
The cell, Figure 2a, is made from 5-mm. bore glas 
tubing; the platinum seals P; and P2 should be as clos 
to the side arms as possible in order to minimize turbu 
lence in these regions. The ends of the thin platinuy 
wire W (48 S.W.G. (0.0016-in. diameter), length 4 
inches) are spot-welded to the heavy gage (25 S8.W.G 
(0.020-in. diameter)) platinum terminations P; and P, 
The wire is then inserted into the tube, which is clamped 
in a vertical position; a 5-g. weight hanging from P, 
serves to keep the wire taut. The lower seal is made 
first, then the upper one. The electrical circuit (Figure 
3) takes the form of a Wheatstone bridge, one arm oj 
which is the wire of the thermal conductivity cell (R,). 
The disturbing effect of changes in the relatively large 
thermoelectric e. m. f’s which exist in the bridge cai 
be minimized by making the bridge electrically sym 


1 James, A. T., ano A. J. P. 
Martin, Biochem. J. (London), 
50, 679 (1952). 
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metrical. To this end, the second arm of the bridge Rp 
is made electrically identical to the first by means of a 
dummy cell (Figure 2b) which is filled with dry nitro- 
gen and sealed off. The two cells are strapped to- 
gether with copper wire, each turn of which should touch 
the next (this has not been shown in Figure 2a in order 
to preserve the clarity of the diagram). In this way, a 
radiation shield of fairly uniform temperature encloses 
both cells. The two remaining arms of the Wheat- 
stone bridge, R; and Re, are wound noninductively on 
the limbs of the cell from 34 8.W.G. (0.0092-in. di- 
ameter) glass-covered constantan wire. ,; and R, 
should be placed as far above the 
cells as possible to avoid disturb- 
ance from the heat generated in 
these resistances. For the same 
reason, the junction correspond- 
ing to the point g in Figure 3 
should be in the vicinity of P» 
(Figure 2a). The cell assembly 
is mounted in a silvered Dewar 
vessel and the electrical connec- 
tions to the external parts of the 
circuit are made via stout copper 
wires passing through the rubber 
bung. R, and Rp, when con- 
structed according to the speci- 
fications given, have a resistance 
of 25-30 ohms and the values of 
R, and R, should be approxi- 
mately the same. R, is a decade 
box by which the bridge can be 
balanced to give an arbitrary 
zero reading on the galvanom- 
eter G which should have a 
sensitivity of about 250 mm./ 


AS 


*microamp. and a resistance of about 1000 ohms. Rg is 


a decade box which may be used to shunt the galva- 
nometer while the zero position is being adjusted. The 


‘power for the bridge is obtained from a 6-volt storage 


battery and the input to the bridge is maintained at 
5 volts by adjustment of the rheostat R. 

Liquid samples are injected through the self-sealing 
serum cap S by means of a micrometer syringe, as 
shown in Figure 4. This part of the apparatus is wound 
with a heater and lagged; it is maintained at a tem- 
perature of about 100°C. to obtain rapid volatilization 
of the sample. When a sample is injected, care should 
be taken to ensure that the drop from the needle is 
deposited at the far side of the tube and that none of 
the liquid falls into the cup across which the serum cap 
is stretched. 


A RECOMMENDED EXPERIMENT 


The object of the following analysis is to give the 
student a clear understanding of the methods which 
may be used to obtain quantitative data from chromato- 
grams. Three mixtures (A, B, and C) of ethyl ether, 
methylene chloride, and acetone in different proportions 
are given and the calibrations obtained from the study 
of these mixtures are used to determine the composition 
of a fourth mixture (X). The components of the mix- 
tures have been chosen to give peaks fairly evenly dis- 
tributed along the time axis which does not extend for 
more than 30 minutes. If the mixtures have the fol- 
lowing composition (by volume), assignment of the 
peaks to the respective components is readily achieved 
by inspection of the chromatograms and, further, the 
calibration range is sufficiently large. Figure 5 is the 
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Figure 5 


A, ether; B, acetone; C, methylene dichloride. 


chromatogram obtained for the analysis of 10 micro- 
liters of mixture X at a flow rate of 40 ml./min. and a 


volts 
R | 
Figure 3 M 
10.0 
4 8 
Cc 


Composition 
Ethyl ether: Acetone: Methylene Chloride 


Mizxture 
A 1 2 2 
B 4 4 1 
Cc 4 2 1 
x 2 2 1 


column temperature of 20°C. The student is asked to 
investigate the relative merits of peak height versus 
peak areas for calibration purposes. It is pointed out 
that ratios of the parameters derived from the analysis 
of any one mixture are more reliable than absolute values 
derived from the separate analyses of a number of mix- 
tures. The compositions of the three standard mix- 
tures are such that it will be found most convenient to 
define ratios with respect to the acetone parameters. 
The student may also be introduced, at this stage, to 
the concept of height equivalent to a theoretical plate 
(H.E.T.P.) and be asked to calculate the efficiency of 
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the column for each component of mixture X from the 
relation :? 


L fa\? 
H.E.T.P. = (ii) 


where 


L = length of column 

h = Height of peak 

a = Area under peak 

l = Retention distance of peak 


Other simple exercises can be devised. For example 
an unknown mixture is given containing three com 
ponents; also given are a number of pure liquids in 
cluded among which are the components of the mixture, 


The student is asked to identify the components of th¢ 


mixture and determine the volume ratios in which they 
are present. 


2 LitrLewoop, A. B., C. S. G. anD D. T. Price, J 
Chem. Soc., 1955, 1480. 
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+ A HELICAL PERIODIC TABLE 


A THREE-DIMENSIONAL representation of the periodic 
table can provide an additional coordinate to represent 
the difference between subgroups without disrupting 
the vertical sequence of elements in a whole group. 
This advantage is realized by the helical chart shown 
in the figure. In this respect it is similar to but 
simpler than that proposed by Harkins and Hall! 
who arranged balls representing the chemical elements 
in a similar pattern in space. 

The chart consists of one vertical cylinder inside 
another, the two being tangent at Group IV. The 
alkali metals occupy a vertical column on the inner 
cylinder; the copper subgroup is on the outer cylinder. 
The choice of Group IV as that group displaying least 
difference between its subgroups is arbitrary but 
not unreasonable. The lanthanide and actinide earths 
may be in exterior loops, as shown in the figure, or in 
interior loops, as used by Clauson.? 

The chart is about 14 inches high and is made of 
0.009-inch drawing paper. Each group is colored 
differently. The blocks on which the symbols of the 
elements are printed are sufficiently alike in size so that 
on a large scale one could include considerable written 
information about each element. The author will 


1 Harkins, WiuuraM D., anv R. E. Hatt, J. Am. Chem. Soc., 
38, 169 (1916). 
? CLauSON, JENNIE E., J. Cuem. Epuc., 31, 550 (1954). 
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be glad to supply interested readers with a patter 
showing construction details. 
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n AN article published in TH1s JouRNAL in 1932 (1), 
Browne gave some brief biographical sketches of eight 
bf Wohler’s most outstanding American pupils. One 
pf them was H. B. Nason, for 30 years teacher at Rens- 
selaer Polytechnic Institute. The fact that Wohler’s 
parliest American pupil, James C. Booth of Philadel- 
phia (1810-88), who came to him in Cassel in 1833, was 
p student of Amos Eaton, the founder and first profes- 
sor of the Institute, led to a search for other American 
students of chemistry who went to Géttingen during 
Vohler’s professorship (1836-80) at that famous cen- 
er of chemical research. The results of this study 
were published in 1944 (2). Dr. Browne also mentions 
seven outstanding American pupils of Liebig and notes 
hat they “are only a few of the leading American 
ie of chemistry who were schooled under Liebig. 
he list could be greatly extended.” 

In view of the fact that one of the seven men men- 
tioned was Eben N. Horsford, a pupil of Amos Eaton, 
the writer recently made a search for other noted pupils 
of Liebig in this country. Although the results were 
disappointing, some interesting data concerning Hors- 
ford have recently become available which induced 
the writer to present the results of his exploration into 
this corner of the past history of American chemists. 
To this end the first edition of “American Men of 
Science,’ published in 1906, was carefully examined. 
Only three more names turned up in addition to those 
mentioned in Browne’s article. A search through 
Liebig’s Annalen from 1834 to 1873, the year Liebig 
died, was also made. Only one new name was found, 
that of Ogden R. Rood of New Haven. 

The question may be raised why there are so few 
American pupils of Liebig compared with the very large 
‘foumber of Wohler’s pupils in this country. The ob- 
vious explanation is as follows. Liebig started his 
laboratory in 1824 and left Giessen in 1852 to go to 
Munich. He was then at the height of his career, 50 
years old, but exhausted and tired of his daily contact 
with students. Before coming to Munich he had stip- 
ulated that he was to be relieved entirely from labora- 
tory work, and would confine himself exclusively to 
lecturing. He was free, however, to continue his own 
research in a small private laboratory, with post-doc- 
torate assistants. More and more, and particularly 
after 1860, he worked at his desk, revising his texts and 
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pat tem his ‘chemical letters” and replying to his many oppo- 
ents in various countries. 
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LIEBIG AND HIS AMERICAN PUPILS 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


JOHN LAWRENCE SMITH 


John Lawrence Smith (1818-83), Liebig’s first pupil 
from this side of the Atlantic, was a Southerner. He 
entered the University of Virginia in 1835, studying 
chemistry and civil engineering for two years. In 1838 
he enrolled in the Medical College of his home state of 
South Carolina and became an M.D. in 1840. He 
then went abroad for further study, first in Paris, with 
Orfila, Dumas, and Elie de Beaumont, and then in 
Giessen. Here he decided to make chemistry his life’s 
work. He undertook at Liebig’s suggestion the study 
of spermaceti. The results were published in the 
Annalen (42, 241 (1842)) under the heading “‘On the 
composition of spermaceti and its oxidation by nitric 
acid.” He returned to Charleston in 1843. Some re- 
search that he had done on certain soils of his native 
state led to his selection by James Buchanan, then 
Secretary of State and later President (1857-61), to go 
to Turkey to advise the government of that country on 
the feasibility of cotton culture there. On his arrival 
in 1847 he was diverted to study the mineral resources 
of the Turkish Empire. A brief communication on two 
new minerals, one of which he named Liebigit, was pub- 
lished in the Annalen (66, 253 (1848)). Smith came 
back to America in 1850, became professor of chemistry 
at the University of Virginia in 1852 and in 1854 pro- 
fessor of medical chemistry and toxicology at the 
University of Louisville, which chair he held until 1866. 
He was a prolific writer; a total of 145 papers is listed 
in his bibliography. He was highly regarded profes- 
sionally, being president of the American Association 
for the Advancement of Science in 1874, and president 
of the American Chemical Society in 1877. A more de- 
tailed account of his life and work may be found in E. F. 
Smith’s article on mineral chemistry (3) and in an illus- 
trated article by Sampey (4). 


EBEN NORTON HORSFORD 


Liebig’s second pupil from America was Eben Norton 
Horsford (1818-93), who started out in life as a civil 
engineer, became a chemist later on, then professor, in- 
ventor, and manufacturer, and finally, on retiring from 
business, a hobbyist and philanthropist. He was born 
in Moskow, Livingston County, New York, on July 27, 
1818, and attended Temple Hill High School in Gene- 
see, New York. He entered the Rensselaer Institute in 
September, 1837, finished a two-year course within one 
year, and graduated with the class of 1838 as a civil 
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engineer. After graduation, Horsford went for six 
weeks to the Adirondack iron mines to survey the mines 
and to fix sites for dams. On reporting his findings in 
Albany he was engaged by Hall for a survey of New 
York State on the division west of Albany, which kept 
him occupied for two years. At the same time he as- 
sisted Dr. Simmons with his chemical lectures at the 


Eben Norton Horsford 


Albany Female Academy during the winter. This led 
to his appointment there as a science teacher in 1840. 
He kept this position until some time in 1844. An 
essay on mechanical powers which he had prepared, 
earned him a gold medal from the Young Men’s Asso- 
ciation in Albany. He did some work in cooperation 
with Samuel Morse, the well-known inventor of the first 
practical telegraph; he established the first daguerreo- 
type gallery in Albany in partnership with Thomas 
Cushman; he also found time to give some lectures on 
chemistry at Newark College in Delaware in 1843 and 
1844. Horsford’s growing reputation brought him in 
contact with John W. Webster, professor of chemistry 
at Harvard University. Webster, being familiar with 
Liebig’s “Organic Chemistry in Its Application to 
Agriculture and Physiology,” first published in 1841, 
urged him to go to Giessen. This involved considerable 
expense and would have consumed more than his sav- 
ings. He was helped by friends in Albany, who were 
willing to pay for part of the cost of the trip and to lend 
him funds to go abroad. One of them was Luther 
Tucker (1802-73), a highly influential member of the 
New York State Agricultural Society, and the owner 
and publisher of The Cultivator,! a monthly farm paper. 

Horsford’s first interview with the great man ‘whose 
genius has given such impulse to chemical and agricul- 


1 The Cultivator carried on its masthead the motto: ‘To 
improve the soil and the mind.”’ 


JOURNAL OF CHEMICAL EDUCATIOQMVOLUM 


tural science” was in Liebig’s private laboratory and thgt#* ‘ v° 


reception seemed “rather that of a military officer thay on . 
of a scientific man.” Horsford, while being conductedfe his ¢ 


through the various rooms of the laboratory, felt thaifonly \it 
working and thinking were the characteristic attribute i 
of the place. Even conversation was carried on in aij re 
undertone as if it were contraband. The visitor wag. rq (1 
told, ‘“You may converse in English two or three days athe p 
but not more.”” This was said without a smile and im ae of 
pressed upon the listener the necessity of study. in fi 

The first lecture that Horsford attended was in nial 
room with about a hundred students (including a num ies 
ber of the medical class) and dealt with organic chemis at ‘fre 
try. When the lecture was about to begin, the murf —_ 
mur of conversation subsided to a whisper, the whold, Saletan 
audience rose and Liebig, acknowledging the greeting i et 
entered. Horsford describes the lecture as follows: Hors 


What it was about, I was able to see from the formula on thflegnsum 
blackboard and from a word now and then which I understood, breakfa 
but I was too much absorbed with the manner, to give much 6:15 
attention to what he said. He is perhaps two or three inches less at 6: 
than six feet, and stands quite erect, though a little rounding off aphy. 
the shoulders from much writing, labor, and study, might be seen{8:15. 
if made the special object of search. His figure is slender rathetiothers, 
than stout, which makes him appear taller than he really is. All about 1 
his movements, and particularly those connected with demon-[. 
stration, experiment, or illustration, are graceful to a degree which he ma 
I have not seen equaled in any lecturer. To see him hold in thejmeal, a 
same hand three glass test tubes and an equal number of stoppers,Jmilk so 
while with the other he pours from vessels containing reagentsfdogsert, 
at first a little excited my surprize. ... There is an expression of . 
thought in all his attitudes and movements, which I could have ere 
scarcely believed upon the mere relation, and which the crayo obliging 
cannot commit to paper; whether with the chalk and spongegwas aga 
or with the index finger along the chin and nose, presenting thatg mile ¢ 
most singular of all German attitudes, or in gesticulation, or with o his re 
apparatus, it is all the same. He is all mind—and it beams as per 
distinctly through its corporeal tenement, as his chemical com- and mil 
pounds are seen through the vessels that contain them. His}ing anal 
detail of chemical decompositions and recompositions is clear andjthe affa 
expressed without any circumlocution in terms, comprehended|gs gtren 


by everyone. Occasionally these details bring him to review Horefos 
some investigations and theories of his own, and then a new ani- : 
mation is superadded to his ordinary bearing, and the illustrations] The \ 


are dramatic. 
glow. The gesticulations are sometimes so happy and so numer- 
ous, that I have fancied one might understand some of his 
themes even if he were unable to hear. 

His notes consist of a few formulas, written out upon two or clover. 
three little strips of paper; and yet his lectures are as systematic glaciers 
as if elaborated with the greatest care. I have heard the remark compos 
made that Liebig is not an expounder of chemistry or an oper- Annales 
ator in chemistry but is chemistry itself. It is not difficult to see Insti 
some of the probable data upon which this notion is founded. nstitut 
For example, he enters the laboratory, where he is surrounded by of 1846. 
gentlemen engaged in a great variety of investigations. Here is}tain a } 
one upon benzoic acid, there one upon hippuric acid, there one 
upon allantoin, there one upon the cyanogen compounds, here 
one upon a new gas, here one upon cheese, there others ':pon 
bread, and so on, all of them engaged in original investiga (ion. 
He is ready to tell them the results for which they may !00k 
Such is his familiarity with every fact in known chemistry, that 
its analogies are perpetually present, and enable him to premise 
almost anything with regard to problematical investigation’. _ 

This vigilant surveillance, this powerful local memory, this} 
readiness in affording explanation in all difficult matters con- 
nected with chemistry have induced the expression of the a)ove 
opinion. However, Liebig has quite deprived the opinion « its 
poetry, for he has said, for the encouragement of all his pupils, 
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'y and th hat «very fact in the science cost him labor to acquire and labor 

i Ho retuin; and though now ready to pronounce upon the history 
cer thar nnd properties of every known organic and inorganic compound, 

Ondiictedfe his acquired this prodigious mass of scientific information, 

felt thaifonly ith prodigious labor. 

ittribute 


On in at 
sitor wag 
ree days 
> and im 
ly. 

was in 


It is interesting to compare Horsford’s account of a 
Becture by Liebig with that of an earlier student, Carl 
‘ogt (1817-95) who attended Liebig’s lectures regularly 
nthe summer semester of 1834. A verbatim report of 
part of a lecture, translated into English, appeared in 
His JOURNAL in 1936 (5). Of Liebig’s lectures in 
funich, Volhard (6), who was his fidus Achates in those 
§ 4 NUM oars, said that they were neither very fluent nor per- 
frequently even halting with unmotivated pauses. 
the murfiri. mind seemed to be wandering. After a while his 
he whol onsciousness returned and he resumed the thread of 


rooting is interrupted story. 
win Horsford’s day in Giessen began at 5:30 a.m. After 
ula on thfeonsuming a biscuit and a cup of milk (his regular 


nderstoodfyreakfast) he attended a lecture by Fresenius on sugar 


os ioe at 6:15; at 7:00, another lecture by Ropp on crystallog- 
unding ofaphy. He started working in the laboratory at 
ht be seem[8:15. At 11:05, Horsford listened, with about 90 


der rathe 


veytige: others, to Liebig’s lecture (given every weekday) till 
y is. 


grates about 12:30. Notes were taken in ink to recall to mind 
ree whichfthe mass of facts and theories given. The midday 
old in thefmeal, at his lodgings, consisted of a kind of bread and 
'stoppersImilk soup, a bit of wild swine flesh, potatoes, and a 
reagentsidessert. Relaxation after dinner was furnished by 
sald havgberusing the Cultivator, Argus, and Journal sent by 
ne cravomodliging friends in Albany. The rest of the afternoon 
d sponge§was again spent in the laboratory till 6:30. A walk for 
iting thafla mile and a swim in the Lahn followed and then back 
Saale 0 his room at 8:00 for a luxurious (?) supper of biscuit 
ical com-f24d milk. The rest of the evening was spent calculat- 
em. Hisfitg analyses, reading the chemical journals, and closing 
clear andjthe affairs of the day. Presumably not every day was 
rehendedfas strenuous as this particular day, an account of which 
© revie™|Horsford gave in a letter to Tucker. 


new ani- 
stration The work Horsford performed at Liebig’s suggestion 
‘seem toldealt with the value of different vegetable nutrients, 
. ery as deduced from their nitrogen content. It involved 
er "Tthe analysis of wheat, rye, oats, corn, and the ash of 
n two orflover. He also worked on the ammonia content of 
stematic}glaciers, and finally on glycocoll and some of its de- 
e rematkleomposition products. All of this was published in the 
> oper Annalen and read before the members of the Albany 
ult to see 
founded. }-88titute on Horsford’s return to Albany in the spring 
inded by}of 1846. He did not stay long enough in Giessen to ob- 
Here is}tain a Ph.D. in spite of the fact that all further tuition 
= fees were to be waived in case he should decide to re- 
srs iponf@ain. He had two good reasons: he did not want to 
tiga tion. #2Cur more debts, and he needed a job badly in order to 
ay ‘ook. [marry the girl he had left behind. He did not have to 
try, that wait very long. Thanks to the excellent recommenda- 
i ions of Liebig and Webster he was appointed in 1847 
ey, this {© the Rumford professorship of science as applied to the 
ers con- rts, at Harvard University. On August 4, 1847, he 
e avove Married Mary L. Gardiner, who died in 1856, leaving 


J oz him four daughters. Two years later he married his 


sister-in-law Phoebe Gardiner by whom he had one 
daughter. Horsford was fortunate in being able to in- 
terest Abbot Lawrence (1792-1855), a successful busi- 
nessman and manufacturer, in the promotion of educa- 
tion in science. With a donation of $50,000 for the 
establishment of a scientific school, to be named after 
the donor, Horsford organized its studies on the example 
of Liebig’s laboratory and started lecturing and teach- 
ing analytical chemistry to individual students. He 
was a good lecturer with a sanguine, enthusiastic tem- 
perament, and directed the new school for 16 years. 
Being of a practical turn of mind, he became absorbed 
in the study of foods, as is shown by many of his articles 
published in Silliman’s American Journal of Science, 
in the Memoirs of the American Academy of Arts and 
Sciences and in the Proceedings of the American Associa- 
tion for the Advancement of Science. In 1861 he pub- 
lished a book on “Theory and Art of Breadmaking.”’ 
He took out numerous patents on his inventions, some 
of which dealt with a new baking powder in which 
acid phosphate was used. This led to the establish- 
ment (in 1856) of the Rumford Chemical Works in 
Providence, Rhode Island, which is still in operation. 

These outside activities took up a good deal of 
Horsford’s time so that in his later years at the school 
most of the teaching was done by his assistant C. W. 
Eliot (1834-1926). Horsford resigned in 1863 to 
devote all his time to his business. He was succeeded 
by Wolcott Gibbs, much to the regret of Eliot, who had 
hoped to succeed Horsford. Six years later, however, 
Eliot became president of Harvard University. Hors- 
ford prospered to such an extent that he could afford to 
indulge in a number of hobbies and, being blessed with 
five daughters, spent part of his acquired wealth in 
supplying Wellesley College with books and scientific 
apparatus. He continued to live in Cambridge until 
his death on January 1, 1893. The accompanying - 
picture of Horsford represents him in middle age. 
Another one taken when he was well over 60 appeared in 
THIS JOURNAL in 1940 (7). 


OLIVER WOLCOTT GIBBS 


When Horsford, a rural up-state New Yorker, left, 
a city-bred New Yorker appeared in Liebig’s laboratory. 
This was Oliver Wolcott Gibbs (1822-1908), the gifted 
son of well-to-do parents, who enjoyed all the ad- 
vantages that wealth and standing can confer. He 
graduated from Columbia (at that time still a college) 
in 1841, and spent some time as assistant to Robert 
Hare in Philadelphia. In 1845 the College of Physi- 
cians and Surgeons in New York awarded him an 
M.D. degree. Instead of starting a practice, Gibbs 
went abroad (1845-48) to study chemistry, first in 
Germany, under K. F. Rammelsberg (1813-99), 
then under Heinrich Rose (1795-1864) for a whole 
year, and finally under Liebig. Gibbs arrived in 
Giessen at the time Horsford left. Apart from the 
daily contact with Liebig and his students, he undertook 
no doctoral work at Giessen, and his publications in the 
Annalen of 1853 and later refer to research carried out 
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in America. On leaving Giessen, Gibbs spent a year in 
Paris, attending the lectures of Laurent, Dumas, and 
Regnault. Returning home in 1848, he became pro- 
fessor of chemistry at the College of the City of New 
York, remaining there for 14 years. In 1863 he 
succeeded Horsford as Rumford professor, and took 
charge of the laboratory of the Lawrence Scientific 
School. When the school was consolidated with the 
chemistry department of Harvard in 1871, Gibbs con- 
fined himself to lecturing in spectroscopy and ther- 
modynamics, while maintaining a private laboratory. 
Retiring at 65, he continued research for ten more 
years. He died at his estate in Newport, Rhode 
Island, in 1908. He was a founder and at one time 
president of the National Academy of Sciences and 
was chosen an honorary member of the German, the 
English, and the American Chemical Societies. His 
many chemical achievements were recorded in 1909 
by Th. W. Richards in a lengthy obituary (8). An 
excellent picture of Gibbs was published in THis Jour- 
NAL in 1929 (9). 


CHARLES MAYER WETHERILL 


The next American pupil of Liebig was Charles 
Mayer Wetherill (1825-71), on whose life and work a 
lengthy illustrated biography was published in 1929 
(10). A few brief data will therefore suffice here. 
Wetherill was born and educated in Philadelphia, 
where he graduated from the University in 1845. 
He then spent one year at the analytical laboratory 
of Booth and Boyé and continued his studies abroad, 
first in Paris and then in Giessen. He matriculated 
there on November 6, 1847, and obtained his Ph.D. 
on May 30, 1848, with a thesis “Uber Schwefelsaures 
Aethyloxyd und dessen Zersetsungsproducte mit Was- 
ser’ which was published in the Annalen (66, 117 
(1848)). Wetherill opened a laboratory of his own, 
which he conducted till 1853. After his marriage in 
1856 he moved to Lafayette, Indiana, where he pub- 
lished a treatise on the manufacture of vinegar in 
1860. In 1862 he became the first chemist connected 
with the newly created Department of Agriculture. 
In 1864 he was appointed professor of chemistry at the 
newly founded Lehigh University, in Bethlehem, 
Pennsylvania. He died there of heart failure in 1871. 


JOHN ADDISON PORTER 


The last American to study under Liebig in Giessen 
was John Addison Porter (1822-66), a native New York- 
er, born in Catskill on May 15, 1822. He entered 
Yale College in 1838 and graduated in 1842. In May 
1844 he was appointed tutor in Delaware College in 
Newark, New Jersey, which position he resigned in 
1847 to go to Germany, where he studied agricultural 
chemistry under Liebig. Porter’s researches dealing 
with ash analyses of human excrements, of oats, and of 
hay were published in the Annalen in three brief 
communications in 1849 and 1850. On his return to 
America Porter was for a few months assistant to 
Horsford. From Cambridge he went to Brown 
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University and from there to Yale where he succeedegthe St 
Norton as professor of analytical and agriculturag(185!- 
chemistry in 1852. Yale University conferred gfor tw 
honorary M.D. on Porter in 1854. Porter succeedeg¥P 24 
in interesting his father-in-law, Joseph E. Sheffield, ig69) 
the Yale Scientific School and because of his mangto Wor 
donations it was named the Sheffield Scientific Schoo Vest'84 
in 1861. Porter was its first dean of the faculty, and igo * il 
1862 also became professor of organic chemistry. H@akali : 
resigned in 1864 because of poor health and died opin two 


August 25, 1866. well pl 
transla 

FREDERIC AUGUSTUS GENTH ae 
ountr 

One more name can be added to those given above} was ar 
that of Frederic Augustus Genth (1820-93), a country$ yale § 


man of Liebig. Born at Wachtersbach in Hessem yale 
Kassel on May 17, 1820, he studied (as was frequently taught 
the custom in Germany) at several different univer} 49 yea 
sities: first at Heidelberg, then at Giessen (around researc 
1843), and finally at Marburg, where he obtained hi pedic | 
Ph.D. under Bunsen in 1845. He established him istry. 

self as Privat-dozent in mineralogy and chemistry a Crops 
Marburg but then abandoned his plans for a univer standa 
sity career and emigrated to America in 1848, where hd and al 
opened a laboratory for analytical chemistry, first in} To che 
Baltimore and later in Philadelphia. When the chaitf pis tr: 
of chemistry and mineralogy at the University off 1956 J 
Pennsylvania became vacant in 1871 it was offered td erg an 
Weatherill, and on his sudden death, to Genth, whd of reg 
taught there from 1872 to 1888. He resigned in 1888 td cate o 
resume his private practice. He died on February 2] for 23 


resin, was undertaken at Liebig’s request. 
published in the Annalen in 1843 (46, 124 (18483)). 
Three more papers appeared in the Annalen for 1845 


published in the Annalen in 1851 and 1852. Genth’ was py 
later work was exclusively on mineral chemistry it} Ameri 
which field he was pre-eminent. He is credited with] 197g. 

the discovery of 20 new minerals. Dr. Edgar Fa Only 
Smith, who knew Genth well, wrote a commemorative Ameri 


article in 1926 (3). Liebig 
receive 
SAMUEL WILLIAM JOHNSON Volhar 
Volhat 


Of the few Americans who went to Liebig in br 
final 20 years of his life, the best known is Samuel 
William Johnson (1830-1909). Born on July 3, 
1830, at Kingsboro, New York, he spent his boyhood on 
his father’s farm at Deer River, New York, and then 
attended Lowville Academy where he received his| 
first instruction in chemistry. While still of pre 1934) 
college age he wrote an essay, “On fixing ammonia,” taught 
which was published in the August, 1847, issue off © 
Luther Tucker’s Cultivator. In 1848 he accepted anf Yer 
instructorship at Flushing Institute on Long Island. of An 
The following year he entered Yale University whe » inte 
he studied chemistry under Norton, after which bh ag - 
taught chemistry, physics, and human physiology 4 ore ef 
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succeedeffthe State Normal School in Albany for one year 
riculturalf (1851-52). On the advice of Norton he went-abroad 
erred giffor two years (1853-55), first to Leipzig where he took 
ucceedequp analytical chemistry under O. L. Erdmann (1804- 
effield, ;g69) 2nd then to Munich where he obtained permission 
Ato work in Liebig’s private laboratory. Here he in- 


many 
ic Schoof vestigated the ashes of various plants and the contents 
y, andjgof soils and streams, and also made a study of the 


alkali salts of mucic acid. The results were published 
in two articles in the Annalen of 1855. Liebig was so 
well pleased with his pupil that he asked Johnson to 
translate a polemical paper against J. B. Lawes into 
English. It was published the same year in Tucker’s 
Country Gentleman. On his return to America Johnson 
ef was appointed professor of analytical chemistry at the 
4 Yale Scientific School in 1856. The next year, when 
Yale conferred an honorary M.A. on Johnson, he also 
taught agricultural chemistry which he kept up for 
40 years (until 1896). Although he had little time for 
(research in his later years, he acquired an encyclo- 

pedic knowledge of agriculture and agricultural chem- 
istry. His two books, “How Crops Grow” and “How 
Crops Feed,” published in 1868 and 1870, became 
standard texts and gained wide circulation both here 
hand abroad (in translation into six other languages). 
To chemists in this country Johnson is known through 
his translation of Fresenius’ manuals. As early as 
1856 Johnson started to examine commercial fertiliz- 
ers and thus became responsible for the introduction 
of regulatory measures. He was also an early advo- 
cate of state agricultural experiment stations, and 
for 23 years (1877-1900) was director of the Con- 
necticut Agricultural Experiment Station. In 1888 
he induced Osborne to undertake a study of the 
| vegetable proteins, a step which Vickery (11) con- 
siders one of the greatest of Johnson’s contributions 
to science in view of the many outstanding accomp- 
‘{lishments of Osborne and his co-workers. Johnson 

was professionally connected with the activities of the 
American Chemical Society and was its president in 
1878. He died on July 21, 1909. 

Only brief mention is made here of three other 
American chemists who were students in Munich in 
Liebig’s time. They attended Liebig’s lectures but 
received laboratory instruction from his able assistant 
Volhard, and might better be classified as pupils of 
Volhard. William H. Brewer (1828-1910) studied in 
Munich in 1858 and was professor of agriculture at 
Yale from 1864 to 1903 (12). Henry Adam Weber 
(1845-1912), who taught agricultural chemistry at 
Ohio State University from 1884 to 1897, studied in 
Munich around 1868 (13). Edward Renouf (1848- 
1934) spent two semesters in Munich (1867-68) and 
qf taught at Johns Hopkins from 1888 to 1911 (14). 

Two items may finally be added here to support the 
Writer’s ideas regarding the apparently small number 
Jof American pupils of Liebig. As Volhard (6) has 
pointed out, there were at the beginning only pharma- 
cists in Liebig’s laboratory, and it took some time be- 
fore chemistry students also went to Giessen. When 
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James C. Booth, having worked a year with Wohler 
in Cassel (1833-34), wanted to go elsewhere for fur- 
ther study, his choice was not Liebig, but Berzelius. 
The latter considered himself too old to be of further 
help to Booth, who then went to Vienna and later to 
Berlin, to study under Gustav Magnus (1802-70), 


Samuel William Johnson 


a pupil of Berzelius. The movement of foreign students 
to Giessen, which did not start in earnest until around 
1842, when Liebig’s famous book made its triumphant 
march around the worid, lost its momentum abruptly 
with Liebig’s departure for Munich in 1852. 
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THE COORDINATE BOND AND THE NATURE 


OF COMPLEX INORGANIC COMPOUNDS’ 


Tur preceding article on this topic (THIs JoURNAL, 
33, 376 (1956)) dealt with the role of single covalent- 
bond formation in determining the properties of com- 
plex inorganic compounds. The energy required for 
the rearrangement of electrons to provide the orbitals 
necessary for formation of a particular set of hybridized 
orbitals was suggested as a parameter which may 
determine whether hybridized orbitals of large pro- 
clivity toward covalent-bond formation or hybridized 
orbitals capable of forming only weak covalent bonds 
will occur in any given instance. This parameter was 
called the excitation energy and it is represented by P 
in the following equations: 
(excited state) 
M*"(g) 
—A’ 
—A 
+ 


(ground state) P + 
M*"(g) 
(inner orbital) 


[ML,] *™ (g) 


(ground state) (outer orbital) (2) 
M*™ (g) [ML,] *™ (g) 


Thermochemical Representation of the Formation of Inner-orbital (1) 
and Outer-orbital (2) Complexes in the Gaseous State 


(1) 


which summarize the view taken in the preceding 
paper with regard to the formation of inner- and outer- 
orbital complexes. Equation (1) above shows the 
excitation of the gaseous metal ion to make available 
the orbitals to be used in bond formation, and the sub- 
sequent bonding reaction. The net heat of bonding is 
P — A’, where —A’ is the “adiabatic heat of bonding.” 
-Equation (2) shows the same reaction except that an 
outer-orbital complex is formed. In this case, no exci- 
tation energy is necessary and the heat of bonding, 
—A, isa simple term. The actual path followed in a 
given case depends on the relative values of P — A’ 
and —A. 

The formation of an inner-orbital complex does not 
necessarily indicate the formation of a complex of great 
thermodynamic stability though the generally observed 
“solution” and “shelf” stabilities of these complexes 
may suggest such a relationship. This apparent 


1Second part of a paper presented before the Division of 
Chemical Education at the 128th Meeting of the American 
Chemical Society, Minneapolis, September, 1955. 


II. Double-bonding, the Promotion o 
Electrons, and Kinetic Effects of Bond 


Type 


DARYLE H. BUSCH 
The Ohio State University, Columbus, Ohio 


stability is probably kinetically derived in many cases. 
This point is discussed below. The role of double- 
bonding in complexes and the probability of electron 
promotion are also considered here. 


THE OCCURRENCE AND IMPORTANCE OF DOUBLE 
BONDS IN COMPLEX COMPOUNDS 


Although the properties of a large number of complex 
compounds may be handled adequately in terms of 
single-bonded structures alone, the behaviors of many 
of the complexes which are very well characterized 
cannot be related to such a simple bond type. Among 
the questions remaining unanswered are: Why is it 
that iron(II) and nickel(II) complexes with aromatic, 
heterocyclic amines, such as a,a’-dipyridyl, are much 
more stable toward substitution reactions and more 
often diamagnetic (Table 2) than the corresponding 
complexes with aliphatic amines (e.g., ethylenedia- 
mine) (single-bond strength should increase in the 
same order as basicity and aliphatic amines are more 
strongly basic than aromatic heterocyclic amines)? 
What factors determine whether nickel(II) will form 
planar complexes or tetrahedral ones? Why is nickel, 
in complexes with the strongly reducing tertiary arsine 
and phosphine donors, oxidizable to tripositive and 
tetrapositive oxidation states (1, 2), while nickel(II) 
ions, in amine complexes, cannot be oxidized? Why 
will hemin and platinum(II) react with PF; but not 
with NF; even though experiments with BF; as ‘he 
acceptor show NF; to be the better electron donor 
(3-5)? 

In order to answer questions similar to these, Pauling 
(6) suggested that the bond between certain transition 
metal atoms and the donor atom may assume double- 
bond character. For the sake of convenience the mo- 
lecular orbital language is utilized here: a single bond 
being denoted as a sigma bond and a double bond as 4 
combination of a sigma bond and a pi bond. (See, 
GouLp, E. §., “Inorganic Reactions and Structure,” 
Henry Holt and Co., New York, 1955, pp. 51-3, for an 
excellent introduction to these concepts.) In general, 
a sigma bond may be considered to exist when the boid- 
ing electrons have their greatest electron densities 
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between the two bonded atoms and when the atomic 
orbitals of the bonded atoms are directed along the line 
joining the centers of the two atoms (the bond axis). 
In contrast, pi bonding involves bond formation 
utilizing atomic orbitals not directed along the bond axis 
but more often perpendicular to that axis. When the 
orbitals of two atoms are so arranged that they 
may overlap each other in space even though they are 
not directed along the bond axis, it may be said that 
pisymmetry exists. 

Pauling applied the concept of double-bonding in 
complexes to explain the stabilities of the cyanide com- 
plexes and to account for the structures of certain metal 
carbonyls. Since his explanations are, despite the 
inception of a more recent terminology, essentially 
those utilized by very recent investigators, one of his 
original examples will be considered. The complex 
ion [Fe(CN).]~* is diamagnetic, indicating the utiliza- 
tion of d*sp* hybridized orbitals in the sigma bonding. 
The six remaining d electrons (not involved in the 
hybrid) occupy the three d orbitals which energetically 
underlie the sigma-bonded hybridized orbitals. It is 
believed that these three electron pairs are capable of 
forming three pi bonds with a ligand which can pro- 
vide an orbital of pi symmetry, or which possesses a 
pi electron system appropriately arranged. In the 
case of ferrocyanide ion, the three pi bonds would not 
be associated with only three of the sigma bonds, but 
are supposed to resonate among all the single bonds so 
that partial double-bond character is realized in all six 
of the links. Thus, Pauling writes one of the resonance 
forms of ferrocyanide as (I). 


In addition to the enhanced stability due to the 
increased number of bonds formed (increased overlap) 
the complex is made more stable by the removal of 
part of the negative charge from the metal atom as a 
result of the sharing of the unhybridized d electrons with 
the ligand. 

The inertia, which appears to have resisted general 
acceptance of the wide occurrence of double bonds 
among elements other than those of the first row in the 
periodic system, is probably a result of the subtle 
effects of their presence (see the figure below). Among 


the elements of the second period (primary quantum 
number of 2) only four orbitals are available for 
hybridization and bond formation. In the case where 
all four orbitals are involved in the sigma-bonded 
hybrid (sp*), hybridization results in a tetrahedral 
distribution of the covalent bonds. 


However, when a 


pi bond is to be formed, the orbitals necessary for this 
bond must be obtained at the expense of the sigma- 
bond hybrid; the result is that only three orbitals are 
available for hybridization, which leads to a planar 
arrangement of sigma bonds (sp*). Here, pi-bonding is 
inevitably accompanied by a drastic change in the 
stereochemistry of the atoms to be pi-bonded. Such, 
however, is not the case when the pi bond involves 
atoms of the third, fourth, or fifth periods, for in addi- 
tion to the single s and the three p orbitals, five d 
orbitals are energetically available for bond formation, 
and it has been shown that the d orbitals possess the pi 
symmetry necessary for pi-bonding (7). A convenient 
example for illustration of this situation is the much 
studied tetracarbonyl of nickel, [Ni(CO),]. In this 
compound, nickel is diamagnetic and, formally, in the 
zero oxidation state. The diamagnetism could be 
attained by promotion of the pair of 4s electrons of the 
nickel atom into the 3d level and utilization of the 4s 
4p’ orbitals in bond formation (see electronic configura- 
tions of Ni(O) in Table 1). This then might be con- 
sidered to be a reasonable picture of the mode of bond- 
ing in the compound. However, it has been shown that 
the C—O distance is greater than that of a triple bond 
and that the Ni—C distance is 20 per cent less than that 
anticipated for a single bond. The assumption that 
two or four of the filled d orbitals of the nickel provide 
their electron pairs to be used in the formation of pi 
bonds adequately explains these facts (6). It is seen 
from this example that either single-bonding or double- 
bonding will lead to the same stereochemistry for this 
molecule and the bond type could be assigned only 
after an accurate measure of bond distance was avail- 
able. A consideration of the structure discussed for 
[Fe(CN).]~* above will reveal that the same argument 
is valid for octahedral complexes. 


First Period Elements: 
Single bond 


4 sp* sigma bonds 


Double bond 


3 sp? sigma bonds 


no bond p bond 
Elements Beyond First Period: 
Single bond Double bond 


no x bon d x bo 
Single bond Double bond 
VW 
6 d* sp or sp*d*? bonds 6 d*sp* or sp*d* bonds 
no x bond d x bonds 


Stereochemical Consequences of Double-bonding 


An important consequence of double-bond formation 
in the chemistries of the transition metal complexes 
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TABLE 1 


Electronic Configuration of Gaseous Transition Metal Ions in Ground States and in Their Excited Bonding States 
(C.N. Is Coordination Number) 


—Ground state 
4s 4p 


——_—_-———— Excited state 
3d 4s 


3 

or 


Coll(C_N.6) 
Ni!¥(C.N.6) 


Fe!!1(C.N.6) 
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Fe!! (C.N.6) 


UOOHOOO 
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may be discussed by use of the thermochemical equa- 
tions shown above.? The increased adiabatic heat of 
bonding (—A’), which results from the formation of 
pi bonds as well as sigma bonds, may make the net 
gain in stability great enough to cause a complex of the 
inner-orbital type to be formed in a case where 
decreased basicity of the donor species would lead to no 
such prediction on the basis of sigma-bond formation 
alone (7. e., P — A’ < — A as given in the equations). 
The amine complexes of iron(II) provide an excellent 
example of this type (Table 2). The ethylenediamine 
complex of iron(II), [Fe(en);]++ is paramagnetic 
(indicating that the ionic contribution involves the 
ground state of the iron(II) ion) and the complex is 
quite reactive. On the other hand, the complexes of 
iron(II) with the relatively weak bases, a,a’-dipyridyl 
(II) and o-phenanthroline (III) are diamagnetic and 
remarkably stable toward substitution (8). The 
suggestion has been made that the d electrons under- 
lying the hybridized d*sp* orbitals enter into a pi bond 
with the pi electron cloud of the aromatic ligand 
(8-11). In these cases, double-bonding and conjuga- 
tion may lead to the formation of a new “aromatic” 


a 


AN. 
(IIT) 


ring fused onto the two or three aromatic rings of the 
ligand; this new ring is the metal-containing chelate 
ring. Comparison of the infrared spectra of these 
complexes with those of the free ligands (12) reveals 
shifts in the absorption bands which are in agreement 
with this interpretation. It is perhaps even more 


? This problem has also been discussed in terms of the more 
sophisticated molecular orbital and crystal field theories (1, 7, 9); 
howerever, the terminology and some of the concepts are beyond 
the intended scope of this paper. It should be mentioned that 
the conclusions are essentially the same as found here. 


significant that the o-phenanthroline molecule is 
rendered active toward coupling with diazonium salts 
by complexing (13). The shifts observed in the visible 
spectra are also in accord with this view (12). The 
fact that 3,3’-disubstituted dipyridyls, which cannot 
form chelate rings coplanar with the aromatic rings 
of the ligand, show an impaired ability to form the 
characteristic iron(II) and copper(I) complexes lends 
further support (14, 15). 

In this same connection, the recently prepared com- 
plexes of a-diimines, like biacetylbis(methylimine) 
(IV): 


CH; 


merit brief consideration (10, 12). These donor species 
form diamagnetic iron(II) complexes having essen- 
tially the same properties in their visible spectra as the 
aromatic diamines just considered, and, although 
analysis and ultraviolet spectra confirm the presence 
of the unsaturated C—=N groups, the C=N stretching 
band does not appear in the usual range in the infrared 
spectra (12). This is probably a consequence of the 
high degree of conjugation of the chelate ring, which is a 
result of pi-bonding by the d electrons of the iron(II). 
The behavior of nickel(II) in combination with 
a,a’-dipyridyl and o-phenanthroline is explainable in 
similar terms. The complex ions [Ni(en)3;]++ and 
[Ni(dipy);]++ both have magnetic moments com- 
patible with two unpaired electrons (16), and it is 
therefore assumed that the sigma-bond hybrid is of the 
“outer-orbital” type, sp*d? (Table 1). There is, how- 
ever, a profound difference in the stabilities and 
labilities of the two complexes. The ethylenediamine 
complex may be destroyed instantly by the addition 
of acid while the dipyridyl complex undergoes substi- 
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TABLE 2 
Magnetic Moments of Related Complex Compounds*.’,« 
Metal ion in 
octahedral —Predicted ti i— ——Observed magnetic moment? ~ 
complex Inner orbital Outer orbital H:0 en ipy CN diarsine 
Bivalent 
, sali 2.82 4.90 4.9 4.4 3.27 3.3 — 
Mn++ 1.73 5.92 5.9 5.98 2.0 — 
Pert 0.00 4.90 5.3 p* 0.00 0.00 0.00 
Cott 1.73 3.88 5.1 3.82 4.85 1.72/ 1.92 
matt 0.00 2.83 3.2 3.0 3.10 —* 0. 
Trivalent 
3.88 3.88 3.9 3.76 
Mn** 2.83 4.90 4.9 3.0 
ad 1.73 5.92 5.9 2.36 2.33 2.34 
Cot? 0.00 4.90 0.0% 0.00 0.00 0.00 0.00 
4-Coord, Nit* 0.00 2.83 3.0 0.00 0.00 


A dash indicates that the compound could not be prepared in sufficient purity to warrant magnetic study. A blank indicates that 


data were not available. 


> Underscored values correspond to magnetic moments of species in which electron promotion is suspected. 
© Magnetic data are taken from Pau.ina, “‘Nature of the Chemical Bond’’ (6) or BursTaLL AND NYHOLM (2) unless otherwise 


no 
¢ Abbreviations: 
¢ Reported to be paramagnetic by BRANDT, 


en, ethylenediamine; dipy, «,a’-dipyridyl; diarsine, o-phenylenebis(dimethylarsine). 
Dwyer, ANC GYARFAS (8). 


Adamson (24), probable formula is [((CoCN )s] or [Co(CN)5(H20)] in solution. 
¢ The cyanide complex of nickel (II) has a coordination number of four. 


\ FrrepMAN, H. L., J. P. Hunt, R. A. PLANE, AND H. Tavuss, J. 


Am. Chem. Soc., 73, 4028 (1951). 


tution reactions slowly and actually may be resolved 
into optical isomers (17, 18). Here it is seen that in 
neither case is the heat of bonding (to form d?*sp* 
hybridized orbitals) great enough to allow promotion 
of two electrons from the 3d to the 5s level (Table 1). 
However, the order of stability and lability of the two 
complexes contradicts predictions on the basis of 
either sigma-bonding alone or of ion-dipole inter- 
action, and must be the consequence of pi-bonding of 
the d electrons. 

The difference in the natures of the nickel(II) 
and iron(II) complexes with a,a’-dipyridyl is easily 
understood if one considers the great difference in the 
energy (P) necessary to excite each dipositive ion from 
its ground state to that necessary for the formation of 
the d*sp*? hybridized complex (equations (1) and (2)). 
It is obvious from Table 1 that the formation of the 
six-coordinate, inner-orbital hybrid by nickel(II) would 
require the expenditure of much more energy than is 
the case with iron(II), since two electrons must be 
promoted in the nickel case (Fe(II), P = 86.9 kecal.; 
Ni(II), P >, 580 keal.). It is therefore logical to 
assume that the combined energy associated with 
d*sp* sigma-bonding and pi-bonding by the nickel with 
aromatic heterocyclic diamines is not great enough to 
favor the promotion of two electrons. At the same 
time the enhanced covalent character resulting from pi- 
bonding of the outer-orbital complex is sufficient to 
reduce greatly the rapidity with which the complex 
undergoes substitution reactions. From this discus- 


sion it would seem logical to expect some donor mole- 
cules to be capable of liberating enough energy during 
the bonding process with nickel to permit promotion 
of the necessary electrons to attain the 3d? 4s 4p° 
hybrid state. A necessary consequence of the attain- 


ment of this hybrid state should be oxidation of the 
nickel(II) to the tripositive and tetrapositive oxidation 
states. There have been a few instances where this 
may have been accomplished in the past; however, it 
is only recently that a completely unambiguous case 
has been reported (1, 2). Complexes with o-phenylene- 
bis(dimethylarsine), in which the nickel(II) ion has a 
coordination number of six, are reported to be diamag- 
netic (indicating promotion of two electrons to the 5s 


As(CHs)2 
As(CHs)2 
(V) 


level) and to be easily oxidized to tripositive nickel. 
Use of strong oxidizing agents leads to further oxidation 
of the nickel to the tetrapositive state. As suggested 
earlier, this behavior can be explained only on the 
assumption that the arsenic atoms act both as donor 
and acceptor atoms. They are donor atoms as they 
act through the sigma electron system of the complex 
and acceptor atoms in the pi electron system. The 
proximity, energy-wise, of the 4d orbitals to the bond- 
ing 4s 4p* orbitals in the arsenic atom has led to the 
suggestion (19) that it is the interaction of these 
orbitals with the d electron pairs of the nickel atom 
which results in a pi bond. 

The interaction of d electrons from the metal atom 
with a d orbital of the substituent atom leads to what 
might be termed a d-d’x bond* (or dx-dzx bond, in the 
notation of Nyholm (19)), in contrast to a p-p’r bond* 
in carbon chemistry. It should be pointed out that 
the pi bond in the iron(II) and nickel(II) complexes 


3 Primed symbols refer to orbitals in the ligand while un- 
primed symbols refer to orbitals in the metal atom. 
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with aromatic diamines and aliphatic diimines would 
then be described as d-p’ x (or dx-pz). 

The fact that the mixed complex carbonyls [Ni(CO)s 
dipy] and [Ni(CO), diarsine] can be prepared, and the 
interpretation of their infrared spectra have also led to 
the proposal of double-bonding in the Ni—C, Ni—N, 
and Ni—As bonds (20). Similarly, the fact that 
phosphorous (III) halides (PF;, PCl;, and PBr;) can 
replace carbon monoxide in nickel tetracarbonyl has 
led to their inclusion as ligands which coordinate very 
strongly as a result of double-bonding. 

The behavior of PF; as compared to NF; is explain- 
able in similar terms. PF; complexes readily with 
platinum(II) and hemin while NF; does not react 
with hemin (platinum(II) has not been tried). This is 
directly in contrast to the relative basicities of the sub- 
stances as shown by their relative reactivities toward 
BF;. It was concluded by Chatt (3, 4) that the inter- 
action with platinum(II) is a result of a very strong pi 
bond, perhaps aided by a relatively weak sigma bond. 
The absence of unfilled orbitals on NF; obviates its 
entering into pi-bonding of this sort. 

The formation of planar nickel(II) was discussed in 
the preceding paper. Since the excitation energy (P) 
is, in this case, relatively small (41.8 keal.), the number 
of donor species capable of forming planar nickel(II) 
complexes should be much greater than the number 
capable of forming 3d? 4s 4p* octahedral nickel com- 
plexes, as is indeed the case. It is significant from the 
standpoint of the importance attached here to the 
energy expended in vacating orbitals for the formation 


of the proper hybridized orbitals, that many of the 
ligands forming planar nickel(II) complexes are also 
observed to form diamagnetic iron(II) complexes, 
since the electronic transitions involved are similar for 


the two cases. Again, many of these ligands are 
potential pi electron acceptors. 

Although other examples could be cited, the pattern 
would continue to be repetitious. One property that 
is generally assumed to be the same for those ex- 
amples cited above is that, regardless of how many 
d-d'x or d-’x bonds are formed, they contribute 
double-bond character equally to all the sigma bonds of 
the complex. With certain of the complexes of the 
platinum metals there is evidence that this is not always 
true. For example, in [Pt(Et;SB).Cl.] the cis isomer 
is apparently more stable than the trans. This result 
is unexpected in view of the high trans effect attributed 
to the tertiary stibine and in view of the steric proper- 
ties of this large donor molecule (2/). It is, however, 
compatible with the proposition that the antimony 
atoms alone are pi-bonded and that the pi bonds involve 
the 90°, d? hybrid as a pi-electron donor hybrid (19). 

Most of the examples discussed in the earlier sections 
involve comparison between ions of the first transition 
series of the same charge type. In such cases, compari- 
son is best made in the manner indicated, since the 
electronic configurations of the central metal ions 
undergo more profound changes than the electronega- 
tivities of the metal ions. In comparing the behaviors 
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of the platinum metal ions with the corresponding ion 
of the first transition series it is necessary to consid 
the profound difference in electronegativities. Sine 
no paramagnetic compounds of platinum(II or IV) org 
palladium(II or IV) are known, and since these met 
ions occur only in complex form (22), it is logical + 
conclude that the metals may be oxidized only in t 

presence of species with which they will form covalen 
bonds. The great tendency to form covalent bonds 
doubtless a consequence of the greater electronegativi 
ties of these elements which lead to such strong covalen 
bonds that the excitation energy offers no considerabl 
barrier to the formation of “inner-orbital’’ complexe 
The role of their electronegativities is treated ver 
effectively by Pauling (23). A consequence of thi 
higher electronegativity is found in the relative impor 
tance of diamagnetic complexes in which double-bonding 
is unlikely because of the unavailability of orbitals ij 
the ligands. It is interesting (though the reason is no} 
clear) that these metals often form only two bonds with 
groups of the type which form double bonds with thé 
metals of the first transition series. Thus, species such 
as [Pt(AsR;)2Cl.] and (Pt(dipy)Cl.] are formed mor 
easily than [Pt(AsRs)4]++ and [Pt(dipy).]++. Thi 
may be an indication of localization of the d-d’r o 
d-p'x bond and of action of only two d electron pai 

in pi-bonding (d? pi hybrids). 

THE PROMOTION OF ELECTRONS IN THE COURSE 
OF THE BONDING REACTION 


Recently Brandt, Dwyer, and Gyarfas (8) and 
Nyholm (19) have expressed the opinion that the 
promotion of electrons from penultimate d orbitals to 
higher energy levels in accompaniment to the formation 
of complex compounds is much less common than once 
supposed. It is seen from Table 1 that the use of 
hybridized orbitals of maximum angular strength would 
require the promotion of électrons in the cases of six- 
coordinate cobalt(II), six-coordinate nickel(II) and 
nickel(III), and four-coordinate copper(II). The order 
of magnitude of these promotion energies is indicated 
in Table 6 of the preceding article, where values are 
estimated for six-coordinate cobalt(II) and _four- 
coordinate copper(II) as 580 and 419 kcal./mole, 
respectively. Both of these values are sufficiently high 
to cast doubt on the likelihood of their actually being 
attained. However, the fact that magnetic and cheri- 
cal evidence is obtained for promotion only with com- 
plexing agents of the most robust type leads one to be 
reluctant to dismiss the possibility of such promotions, 
at least among the complexes of cobalt and nickel. 

The magnetic data of Table 2 indicate the possi- 
bility of electron promotion in four cases involving 
either cobalt or nickel, three with o-phenylenebis(di- 
methylarsine) (abbreviated as diarsine), and one with 
cyanide. The structure of the cyanide complex of 
cobalt(II) is somewhat in question as it appears to be 
five-coordinate and diamagnetic in the solid stwte 
(possibly indicating in a metal-metal bond) while hav- 
ing a moment indicative of one unpaired electron and an 
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ncetermined coordination number in solution (24). 
Th diarsine complexes of cobalt(II) and nickel(II and 
III , however, do appear to involve electron promotion, 
as ciscussed earlier. The ready oxidation of the metal 
to } redicted higher oxidation states in these cases sup- 
por's the magnetic evidence. Double-bonding is 
undoubtedly an important factor in the behavior of 
the-e particular complexes, for the complexing: ability 
of the diarsine appears to depend on the formation of 
double bonds as indicated by its failure to give stable 
compounds with the ions of chromium and manganese 
which do not possess enough unshared d electrons to 
forin three d-d’x bonds. 

The evidence accumulated on the structure of cop- 
per(II1) complexes is overwhelmingly in favor of planar 
structures and, presumably, dsp? bonding. In Table 1 
the formation of planar copper(II) is shown to involve 
promotion of one electron from the 3d to the 4p level 
at a cost of 419 keal. per mole (this value of P was 
reported in Table 6 of the preceding paper). It seems 
extremely unlikely that this excitation energy is avail- 
able in the majority of cases involving copper(II) com- 
plexes since it amounts to over 100 kcal. per bond (on a 
molar basis), a figure in excess of that required in the 
case of inner-orbital, six-cooridnate cobalt(II) (~97 
keal. per bond), where only one unambiguous case of 
promotion can be cited. This unorthodox behavior of 
copper(II) can be explained on the basis- of Pauling’s 
calculations on the dsp? orbitals (25). Considering 
nickel as an example, Pauling indicates that, on hybrid- 
izing one 3d orbital with the single 4s orbital and all 
three 4p orbitals, that “ . . .four strong bonds directed to 
the corners of a square can be formed.... These four 
square orbitals are formed with the use of only two of 
the 4p orbitals; a fifth very weak p bond might accord- 
ingly also be formed by the nickel atom.” The treat- 
ment apparently indicates that the four dsp? hybridized 
orbitals are equivalent in energy (with regard to the 
nucleus of the metal atom) to the remaining 4p orbital. 
This point is emphasized by Pauling in explaining the 
behavior of copper(II) (27). ‘There is, on the other 
hand, no loss of energy by the copper atom caused by 
placing the unshared electron in the third 4p orbital 
and using the 3d orbital for bond formation, inasmuch 
as each of the five orbitals under discussion (one 3d, 
one 4s, and three 4p) is occupied either by a shared pair 
or by the single unshared electron on either formulation 
(single electron in the 3d with sp* bonds or single elec- 
tron in 4p with dsp? bonds), and the interaction energy 
of » shared pair with the copper atom is the same as 
that of a single unshared electron. The greater 
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possi- ff strength of dsp? bonds than of sp* bonds is accordingly 
ving § the determining factor....’’ Thus, it might be suspected 
is(di- § th: t no promotion is involved in the case of planar cop- 
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per(II), since there remains no energy separation 
between the two energy levels which the electron may 
occupy after hybridization. Such is not the case with 
8ix-coordinate complexes because promotion is to levels 
which are not involved in hybridization. Recent 
stidies (26) making use of paramagnetic and nuclear 
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NiII(C.N.5) CT Try 


Ni III (C.N. 5) 


magnetic resonance add further complication to the 
case of copper(II). Evidence has been presented which 
indicates that the single unpaired electron of the cop- 
per(II) ion is not restricted to an orbital of the copper 
ion but that it has a finite probability of being on the 
donor atom. The molecular orbital treatment of these 
results has not been translated simply into the ter- 
minology of this discussion, other than to point out that 
electronic promotion has not occurred. 

The occurrence of the coordination number of five 
among nickel(II), nickel(III), and cobalt(II) com- 
plexes is also quite significant in regard to the problem 
of promotion. Jensen and Nygaard (28) prepared the 
compound NiBr;-2Et;P and from dipole moment 
measurements concluded that the structure is that of a 
tetragonal pyramid. According to Kimball (29) this 
structure may be attained through a d?sp* hybrid (or 
other hybrids involving d‘s, d*p*, or d*p bonds). The 
d*sp* hybrid should lead to the configurations shown in 
Table 3 for the electrons of cobalt(II), nickel(II), and 
nickel(III). Thus, the configuration of cobalt(II) and 
nickel(III) would be 3d* 4p! and that of nickel(II) 
would be 3d* 4p?, the latter being diamagnetic. The 
promotion of the electrons in excess of those required 
for the 3d* configuration to a 4p level should require 
from 100 to 200 kcal. per mole less excitation energy 
than that required for promotion to a 5s level as is seen 
by comparing the excitation energy of six-coordinate 
cobalt(II) (580 keal. per mole; cf. Table 6 of preceding 
article) with that for five-coordinate cobalt(II), which 
is estimated to be 397 kcal. The two remaining effects 
of this arrangement are observed to be in agreement 
with theory. The presence of the promoted electrons 
in the 4p level limits the bonding orbitals to five in 
number and also permits oxidation of the metal atom 
(z.e., the case of NiBr;-2Et;P as cited above). Other 
examples of this behavier are available. With the 
triarsine (3/) the compounds Col,-triarsine and 
NiBr,-triarsine are obtained. The magnetic moments 
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4 Daudel and Bucher (30) have predicted that this arrange- 
ment might also be attained through formation of dsp? hybrid 
(which Kimball predicted should give a trigonal bipyramidal 
structure). This bond hybrid would not lead to promotion and 


should, therefore, lead to no greatly enhanced ease of oxidation 
of the metal atom. 
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of these substances are 2.3 and 0.0, respectively, in 
excellent agreement with prediction. The coordina- 


complexes to ionize in nitrobenzene and by the action 
of oxidizing agents which attack the central metal 
atom rather than the arsine groups, indicating that all 
three arsenic atoms are coordinated. Oxidation leads 
to six-coordinate complexes as is to be expected since 
the third p orbital then becomes available for bonding. 
In the case of oxidation of nickel(II) to nickel(III) the 
reaction may be accompanied by a further electronic 
promotion. By analogy with the behavior of copper 
(II) as described above, it might seem reasonable to 
suppose that these five-coordinate complexes involve 
d*sp* hybridized orbitals, with five of the orbitals 
occupied by shared electron pairs and the sixth orbital 
occupied by the electron or electron pair which is con- 
sidered to be promoted. This view would lead to the 
prediction that five-coordinate cobalt(II) and nickel(II 
and IIT) could be obtained with the same large number 
of donor molecules which produce planar four-coordi- 
nate copper(II). The chemical facts contradict this 
prediction, therefore supporting the contention that the 
unhybridized 4p orbital does lie above the hybridized 
d’sp? orbitals, and that electron promotion has occurred. 
Further, in the case of planar copper(II), where pro- 
motion does not occur, the oxidation of the metal atom 
to a plus three state has not been reported. 


THE RELATIONSHIP OF COVALENT CHARACTER 
TO THE KINETICS OF SUBSTITUTION REACTIONS 


The formation of covalent bonds is normally associ- 
ated with the introduction of a considerable potential 
barrier toward reaction, so that a kinetic approach 
should yield indications as to the nature of bonding in 
complexes. Fora series of compounds utilizing the same 
bond orbitals as outer orbital complexes (AIF, SiF,, 
PF;, and SF,), Taube (32) has pointed out that the rate 
of exchange decreases steadily in the order in which an 
increase in covalent character would be predicted. 

The formation of complexes, which may be classified 
as of the “inner-orbital” type, often. requires the pro- 
motion or pairing of electrons in accompaniment to 
bond formation. This implies the presence of a 
greater activation energy than that encountered in the 
course of bond formation in systems leading to outer- 
orbital complexes (see accompanying figure). The 
relative nonlability of the inner-orbital complexes is 
thereby explained. Since the net energy of bonding 
is P — A’ (equations (1) and (2)) for the reaction to 
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form an inner-orbital complex, the thermodynamic 
stability need not be extremely large despite the great 
apparent stability. Thus, the relatively small differ. 
ence between the stabilities of diamagnetic and para- 
magnetic nickel complexes, as compared’ to that 
expected (33), may be explained. It is worth repeating 
that the diamagnetic species need only have a slighily 
greater stability than the corresponding paramagnetic 
one in order to attain the apparently much more stable 
form. 

Two types of mechanism are commonly considered in 
discussing the substitution reactions of complex 
inorganic compounds (34). These are the SN-1 and 
the SN-2 mechanisms. The SN-1 mechanism, as 
applied to a complex such as MX,~*, is described as 
proceeding by dissociation of one of the ‘““X~’’ groups, 
thus forming an activated substitution intermediate, 
MX;~—“~—», of lower coordination number than the 
original complex. This intermediate species, being 
coordinately unsaturated, is able to combine with a 
reactant, Y~, to form a new complex, MX;Y~". The 
critical step in an SN-1 process is the formation of the 
coordinately unsaturated intermediate; the activation 
energy required for the reaction is associated with the 
energy required for the breaking of a bond. 

The SN-2 mechanism involved direct reaction of a 
complex, such as MX,.~", with an attacking group, Y-, 
to form an _ activated substitution intermediate, 
MX¢Y~—*», having a higher coordination number than 
the original reactant. The process is then completed 
by ejection of one of the original groups, X~, and for- 
mation of a new complex, MX;Y~", of normal coordina- 
tion number. In this case the critical condition 
appears to be the ability of the reacting complex to 
increase its coordination number. No bonds must be 
broken to form the activated substitution intermediate; 
however, an orbital must be available for the formation 
of a new bond. 

Since octahedral complex ions which have inner- 
orbital electronic structures, in which completely 
vacant d levels are present, apparently are much more 
susceptible to substitution reactions than similar com- 
plexes having at least one electron in each of the unhy- 
bridized d levels, it seems likely that the barrier posed 
by formation of d?sp* bonds is restricted to dissociation 
mechanisms (SN-1). This restriction is consistent with 
Taube’s proposal that rapid substitution, in the case of 
inner-orbital complexes with empty d levels, occurs by 
an SN-2 mechanism in which the coordination nuinber 
of the metal is expanded to seven in the activated sub- 
stitution intermediate. The availability of the vacant 
d orbital makes the formation of this intermediate 
energetically feasible. Such an intermediate would 
probably have the face-centered octahedral structure 
of ZrF;~—*, since the bond hybrid consistent with this 
proposal is d’sp* (29). It is interesting that this implies 
that the incoming group first approaches the octahe- 
dron at the center of a face. This situation is illus- 
trated below using vanadium(III) and chromium(III) 
as examples. 
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The occurrence of rapid exchange reactions among 
planar four-coordinate complexes is also best explained 
on the basis of an SN-2 mechanism (see the following 
figure). In this case, the substitution intermediate 
would logically be expected to have a coordination 
number of five and a tetragonal pyramidal structure. 
The exchange behavior of PtBr,-~ provides a conveni- 
ent example. The bromide ion is subject to complete 
exchange, while the central platinum atom does not 
undergo exchange (34). 


PtBr,-~ + Br*- = PtBr;Br*~ + Br- 


PtBr,-~ + Pt*+*+ = No reaction 


(Asterisks denote radioactive atom.) A dissociation 
mechanism (SN-1) should lead to exchange of both the 
bromide ion and the central platinum’ atom. The 
expected exchange of platinum in the event that the 
reaction proceeds by an SN-1 process is based on the 
notion that if dissociation occurs to any extent all 
stages of dissociation should occur. That is, all of the 
following dissociation steps would be involved to some 
degree: 
PtBr,-- = PtBr;~ + Br- 

PtBr;~ = PtBr. + Br- 

PtBr. PtBrt + Br- 

PtBr+ = Ptt+ + Br- 


The presence of any free platinum(II) ion should resuit 
in exchange with radioactive platinum ion. In con- 
trast, an SN-2 mechanism does not require liberation of 


' free platinum(II) ion so that exchange with radioactive 


platinum ion would be extremely unlikely. 
SUMMARY 


Double-bonding is probably much more common 
among complex inorganic compounds than is generally 
realized. The failure to recognize the importance of 
double bonds in these compounds is probably a result of 
their failure to alter the stereochemistry of the sub- 
stances. The presence of double bonds may increase 
the stabilities of complexes by reducing the separation 
of charge associated with the metal-ligand link and by 
increasing the amount of overlap between the orbitals 
of the metal and ligand atoms. This may result in 
large enough “adiabatic heats of bonding”’ to permit the 
formation of inner-orbital complexes in cases where the 
energies of formation of single bonds would not be 
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great enough to cause such compounds to occur. As a 
consequence of double-bonding the directional char- 
acter of the links between the ligands and the metal 
atoms may be great enough to permit resolution of 
some outer-orbital complexes into optical isomers. 

Examples are considered in which promotions of 
electrons are thought to occur from the d orbitals of the 
penultimate shell of the metal atom to the p orbitals 
of the valence shell or to the s orbital of the next higher 
electron shell. Only a few unambiguous cases of such 
promotions are known. Promotion appears to be 
limited to complexes in which considerable double- 
bonding occurs. 


CONCLUSION 


The behaviors of complex inorganic compounds are 
the results of complicated stability and kinetic effects. 
The natures of the metal-ligand links and all the ther- 
modynamic quantities which may be considered as con- 
tributing to the heat of formation of the compounds 
(heats of sublimation, ionization potentials, excitation 
energies, heats of formation of accompanying simple 
ions, and lattice energies) and a number of entropy 
effects (which have not been considered in this diseus- 
sion) are significant in determining the properties of 
these substances. The nature of the metal-ligand link 
is itself dependent on several factors. In terms of the 
atomic orbital theory these are electronegativity, 
orbitals available for bonding (both on the metal atom 
and the “donor” atom), hybridized orbitals used in 
bonding, excitation energy, availability of electrons for 
the formation of double bonds. In turn, the kinetic 
behaviors and thermodynamic stabilities of complex 
compounds are greatly affected by the nature of the 
metal-ligand links. 

The over-all pattern has been developed here on the 
basis of the atomic orbital theory. The picture remains 
incomplete and perhaps unsatisfactory when examined 
in minute detail. Theories in development at the pres- 
ent time may result in eventual abandonment of this 
approach; however, at this time there appears to be 
no other set of concepts which unifies so much of the 
known chemistry of complex inorganic compounds. 
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ELECTROLYTIC CONDUCTIVITY APPARATUS 


JOSEPH S. SCHMUCKLER and ROBERT C. SCHENCK 
Haverford Senior High School, Havertown, Pennsylvania 


Tue chemistry teacher is ever on the alert for new and 
better ideas to demonstrate basic principles of the 
science. The authors have devised a simple, effective 
apparatus which will demonstrate the conductivity 
of salts when fused in the solid state, in solution, and 
in varying degrees of dilution. 

The Suter-Kaelber conductivity apparatus! is not 
easily adaptable to a full demonstration of all of the 
experiments that should be done to illustrate conduc- 
tivity phenomena. It is often important to empha- 
size the contrast between the conductivity of a dry 
salt and its aqueous solution. 

The authors have combined the Suter-Kaelber 2p- 
paratus with the conventional type by connecting the 
pairs of electrodes in parallel through a switching 
mechanism. By mounting the entire assembly against 
a black background on a ring stand as shown in te 
figure, the wiring diagram is apparent. 

1Surer, H. A., anp L. J. Cuem. Epvc., 32, 619 
(1955). 
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Avrnors of monographs on proteins and of compre- 
hensive textbooks of biochemistry do not mention 
the name of the man who made one of the most im- 
portant discoveries in the entire history of protein in- 
vestigations. He was Camille Jean Marie Méhu, who 
was born at Auxonne (Cote-d’Or) on March 10, 1835, 
and died in Paris in 1887. His contribution to the 
technique of protein research should be brought to the 
attention of biochemistry students. 

He began the study of pharmacy at Dijon, but at the 
age of 21 he went to Paris. He was said to have had 
at that time no resources other than a great enthusiasm 
for work and a determination to make a career for him- 
self in science. He continued his studies in pharmacy 
and successively occupied positions as pharmacist in 
several hospitals in Paris. He studied medicine and 
was made doctor of medicine in 1865.! 

Méhu had great enthusiasm for applying chemistry 
to medicine. He devoted much study to the purifica- 
tion of tartrates, citrates, and salts of iron, mercury, 
and bismuth compounds used in pharmacy. He de- 
vised a method for determining the fat content of butter, 
improved on the sodium hypochlorite method for deter- 
mining urea in urine, and sought to improve methods 
for estimating sugar and protein in pathological fluids 
He wrote a book on medical chemistry.” 

The discovery which placed him among the torch- 
bearers of biochemistry was the outcome of his efforts 
to separate the pigments from a sample of pathologic 
urine. By a happy inspiration he tried saturating the 
urine with ammonium sulfate and found that the 
pigments were precipitated. He followed up this 
observation and found that bile acids, mucin, and bile 
pigments were precipitated by saturation with this salt. 

He then applied his reagent to serous fluid, milk, and 


‘ Biographical memoirs of C. J. M. Méhu: 

(2) Leopoldina, 23, 218 (December, 1887). 

()) Marry, M., Bull. acad. méd. (Paris), 2nd Ser., T XVII, 
(1837). 

(c) J. pharm. chim., 5th Ser., 16, 574 (1887). 

\d) “Le Centenaire du Journal de Pharmacie et de Chimie: 
189-1909. Historie du Journal et Notices Biographiques par 
Emile Bourquelot,’’ Paris, 1910, p. 103. 

: Méav, C. J. M., “Traité Pratique et Elémentaire de Chimie 
Sai Appliquée aux Recherches Cliniques,’’ 2nd ed., Paris, 
878. 


Cc. J. M. MEHU, A FORGOTTEN MAN OF SCIENCE 


E. V. McCOLLUM 
Johns Hopkins University, Baltimore, Maryland 


other solutions containing albuminous substances, and 
found that all of the proteins tested were completely 
precipitated by saturating their aqueous solutions with 
ammonium sulfate. He went on to say that the 
proteins thus precipitated were not changed in their 
solubility. He employed this method for removal of 
proteins from milk to secure a solution suitable for 
determining milk sugar with the saccharimeter. This 
great contribution was published in August, 1878.* 

Kihne‘ in 1885 concluded that when a mixture of 
the products of tryptic digestion of protein was pre- 
cipitated with ammonium sulfate, protein was precipi- 
tated leaving “peptone’”’ behind, and he suggested this 
method for the preparation of pure peptone. This 
started a controversy which continued over a decade, 
others believing that both albumoses and peptone were 
precipitated with protein. 

Osborne made extensive use of ammonium. sulfate 
precipitation in his classic studies of the proteins of the 
seeds of plants.’ Thomas Graham in 1861 discovered 
that crystalloids passed by diffusion through a semi- 
permeable membrane, whereas such colloids as gelatin 
and silicic acid did not. This provided later workers 
with a method for recovering precipitated proteins ob- 
tained by Méhu’s method (after filtering they could 
be freed from residual ammonium sulfate by dialysis). 


Méhu’s discovery led later investigators to try the 
effect of other salts as protein precipitants. Mag- 
nesium and zine sulfates were found to be especially 
useful for fractional precipitation of mixtures of pro- 
teins. Ammonium sulfate apparently has no equal as a 
reagent for separating and purifying individual proteins 
free from electrolytes. That Méhu’s conclusion was 
correct, that proteins so precipitated were unchanged, 
is supported by a great number of investigations which 
show that. enzymes precipitated by this method still 
retain their specific activity, and that proteins so pre- 
cipitated from solutions retain their immunologic 
specificity. 


§ M&uvu., J. pharm. chim., 4th Ser., 28, 159 (1878). 

4 Kiang, W., Verhandl. Naturhistor.-med. Vereins zu Heidel- 
berg, N.F. 3, 286 (1885). 

5 OspornE, T. B., “The Vegetable Proteins,’’ 2nd ed., Long- 
mans, Green and Co., New York, 1924. 
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Figure 1. 


Tue president of a large United States chemical com- 
pany recently wrote, “It is my opinion that no boy 
should be allowed to experiment with chemicals except 
under the supervision of an adult trained in chemistry. 
What little they may learn does not balance the haz- 
ard.” 


12° 


Figure 2. Site of Ch 


Age of Boy (or Girl) Involved in a Chemical Accident 


At the American Chemical Society’s 128th meeting, 
in Minneapolis, Charles Allen Thomas, president of 
Monsanto Chemical Company, expressed his view that 


LIVING 


CHEMICAL ACCIDENTS INVOLVING MINORS 


CRAIG BURNS 
Cerro de Pasco Corporation, La Oroya, Peru 


science suffers from anemia, and pointed out with alarm 
that our schools are not graduating enough scientists. 
He went on to show that young people need more en- 
thusiastic stimulation in scientific fields. Mr. Thomas’ 
comments, directed to members of the teaching profes- 
sion, can also have meaning for parents. 

Many boys and girls are discouraged from an active 
interest in chemistry because their parents, just like 
the chemical company president quoted above, feel 
that chemistry is too dangerous, and that ‘what little 
they may learn does not balance the hazard.” 

The answer to the question “Do you think that chem- 
ical experiments are too dangerous to balance what a 
boy might learn from them?” needs to be based on 
thoughtful consideration of what data are available. 
Over the past six years the author has come to know 
hundreds of amateur chemists throughout the world. 
Each boy or girl has his own laboratory—an accident 
occurring in that laboratory is an extreme rarity. 
Not one of these adolescents has had a serious accident. 
Yet the newspapers from time to time carry ghastly re- 
ports about boys with “chemistry sets’ who suffer 
mangling and death as the result of chemical experi- 
ments. Let us analyze these accidents and their re- 
lationship to the hobby of amateur chemistry. 

Information on 50 authenticated chemical accidents 
involving minors in the United States, Canada, Eng- 
land, Australia, and New Zealand has been collected. 
Each accident has been investigated as to age of child, 
place of accident, chemicals involved, extent of injury, 
supervision present, previous training in chemistry, 
and incentive. The results of this analysis are pre- 
sented in Figures 1-7. 

The ages of boys and girls involved in chemical acci- 
dents correspond to the ages when scientific interest 
awakens. If we wish to make a positive answer to the 
question posed, we may conclude that the best time to 
interest a boy or girl in amateur chemistry is from his 
thirteenth ‘to seventeenth year, an adolescent four- 
year period of inquisitiveness. 

We must not be led astray by Figure 2. Just be- 
cause 12 per cent of those 50 accidents occurred in a 
school does not mean that there is a great hazard in 
school chemistry laboratories. First, consider the 
tremendous number of high-school and college labora- 
tory students. Taken in this light, school chemistry 
laboratories are amazingly safe. The chemicals used 
in high-school laboratories are mostly innocuous; 
only on rare occasions does a student concoct a mixture 
against the rules and his own better judgment which re- 
sults in an accident. 

If a boy is going to experiment with chemicals, there 
is only one place to do this, and that is in a laboratory. 
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A home laboratory need consist only of a table or bench 
and some shelves, but it should offer some isolation, 
some privacy, yet have adequate ventilation. Bed- 
rooms, bathrooms, living rooms, and kitchens are not 
places for chemical experimentation. Accidents occur- 
ring in these places indicate that the parents were in- 
different to their son’s experimentation, or, more likely, 
that he did not have a laboratory at all. The accident 
was the result of a dangerous impulse. 

There are thousands of boys and girls with home 
laboratories, mostly in basements. Yet of the 32 per 
cent of chemical accidents occurring in a basement, as 
shown in the chart, only 22 per cent occurred in a 
basement laboratory. We must conclude that home 
amateur chemistry is not as safe as chemical experimen- 
tation in a school, but let us become familiar with the 
chemicals themselves before we judge further. 

Potassium chlorate, gunpowder from shotgun shells, 
phosphorus (usually red), and powdered magnesium 
metal were responsible for 74 per cent of the chemical 
accidents investigated. 

There are hundreds of readily available inorganic 
chemicals and thousands of organic compounds. Out 
of this vast list, only three chemicals cause us concern 
because of their repeated presence in chemical acci- 
dents. Surely this information is important and should 
be acted upon. 

The 22 per cent of accidents listed under “other” in 
Figure 3 are broken down as follows: agent unknown, 
8 per cent; and 2 per cent each for the following chemi- 
cal or manipulation: (1) heating a carbon dioxide 
cartridge, (2) boiling ether to dryness, (3) handling 
home-made mercuric fulminate, (4) demonstrating 
metallic potassium, (5) striking home-made nitroglyc- 
erin with a hammer, (6) burns from spilling alcohol, 
and (7) burns from sulfuric acid. 

As a result of these 50 accidents (46 of them were ex- 
plosions), 26 per cent of the experimenters died. Sixty- 
seven persons were injured, for a boy exploding a bomb 
usually has a friend or two present. Serious acid 
burns or loss of eyesight, both common fears of parents, 
are extremely rare. There was no loss of life or limb 
from any of the four accidents which were not ex- 
plosions. 

The question of supervision is rather difficult to de- 
cide. Figure 5 summarizes the presence of supervision 
in relation to chemical accidents. Supervision is a 
relative matter. Let us here give a description of four 
accidents in detail: 

(1) Two boys, both age 13, in Detroit made a mix- 
ture of potassium chlorate, sulfur, and charcoal, then 
added a few match heads, and stuffed the mixture into 
a seven-inch length of */,-inch pipe. They were work- 
ing in the basement and had the pipe securely held in a 
vise. The mother of one of the boys was near-by, 
about six feet away and busy canning fruit. The boys 


put a cap over the end of the pipe and were tightening 
the cap with a pipe-wrench when an explosion occurred. 
One boy lost three fingers, his companion and his mother 
were both injured by flying pieces of metal. Even 


‘made rocket. 


36% 20% 14% 4% ‘4% 22% 
Potassium Gunpowder Phos- Magnesium Rocket *Other 
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* 2% ether, 2% Hg fulminate, 2% metallic K, 2% nitroglycerine, 2% 
CO: cartridge, 2% alcohol, 2% H:SO., 8% unknown causes (4 cases). 


Figure 3. Chemicals Causing Accidents Involving Minors 


though an adult was present, supervision was lacking 
because the adult was not actively supervising and had 
not been trained in chemistry. 

(2) In a college chemistry laboratory in Idaho one 
student, age 19, was “just fooling around”’ with several 
other students while the laboratory instructor was 
busy at the opposite end of the room. The student 
was heating a test tube containing a mixture of red 
phosphorus, potassium chlorate, and manganese diox- 
ide. The resulting explosion inflicted lacerations of the 
boy’s abdomen, chest, face, and head. Five other 
students were injured slightly. Here the supervisor 
was trained in chemistry but could not cope with a 
scheming experimenter. 

(3) At the Denver airport in 1953, a 42-year-old 
junior high-school teacher had gone along with his 


24% 16% 12% 10% 6% 6% 
Severe Minor Loss of Severe Loss Loss 
lacerations --injuries fingers burns of of 
both one 
hands hand 


Figure 4. Extent of Injury 


16-year-old son who was bent on setting off a home- 
The father went along to “keep the ex- 
periment safe.”” An explosion of the rocket sent parts 
of the steel pipe into the father’s chest, killing him. 
The son received a part of the charge in his leg, re- 
sulting in a compound fracture. 

(4) Two girls and a woman teacher in Chicago were 
burned when an ether distillation blew up. (It is sur- 
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prising the number of teachers who are not aware of the 


that ether should never be distilled to dryness.) Here 
trained supervision was present, but faulty technique 
caused an accident. 

Could all four of these accidents have been avoided? 
From the cases cited above, it would seem that “‘super- 
vision by an adult trained in chemistry” is not the 
answer to the dangerous aspects of chemical experimen- 
tation. It is desirable, unquestionably, but not prac- 
tical in solving the problems involved, as will be seen 
readily by looking at the chart on incentive. 
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present and trained present but un- vision 
trained 
Figure 5. Presence of Supervision in Chemical Accidents Involving 


Investigation of incentive causes us to realize that 
previous training is not a factor in the cause or preven- 
tion of chemical accidents. Figure 1 shows that most 
accidents occurred with boys from ages 13 to 16. 
Most of these boys had no formal training in chemistry, 
which is usually a senior high-school subject for stu- 
dents from 16 to 18 years of age. Prohibiting a boy 
from having a home laboratory until after he has studied 
chemistry in school is questionable. The fruitful 
years for science stimulation are already past. 

What we wish to question here is, “What kind of 
previous training?” The Denver father killed by his 
son’s rocket had had basic training in chemistry, yet 


Figure 6. Previous Training in Chemistry as Related to Chemical 
Accidents 


explosive peroxides present in ether, and do not realize ~ 
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he must have thought that rocketry was safe. ‘The 
majority of druggists will not sell a boy potassium cya- 
nide, but many of them, unaware of the danger, will sell 
him potassium chlorate. For the prevention of acci- 
dents, previous training in the aspect of danger is very 
important. Previous training in chemistry alone does 
not solve the problem. 

Let us look carefully at the subject of incentive. 
This appears to be the most important factor in chem- 
ical accidents involving minors. Some illustrative ex- 
amples are instructive. 

Two girls, ages 16 and 17, had received permission 
from their high-school chemistry teacher to take chem- 
icals from the school to undertake a “home project.” 
They were making matches in their mother’s kitchen. 
An explosion occurred while they were working on the 
sink with red phosphorus, potassium chlorate, and 
ground glass! 

In London in 1954, two brothers in a vacant lot were 
trying to get a piece of pipe loaded with potassium 
chlorate, sulfur, and charcoal to explode. Two work- 
men who were passing by told them to add nuts and 
bolts to the pipe. This they did, and then threw the 
pipe against a wall, but it failed to explode. John, the 
older brother, picked up the pipe and later said, ‘As I 
began screwing it to see if we could get it to work, there 
was a terrific bang and I saw Derek on the ground.” 
Derek died in the hospital. 

A 14-year old Massachusetts boy packed a pipe with 
potassium chlorate, sulfur, and charcoal. In a field 
near his home he held the pipe in his left hand and 
struck it with an ax held in his right hand. The re- 
sulting blast shattered the pipe. Fragments tore into 
the boy’s body ripping off his index and forefingers and 
part of his palm. The ax flew up fracturing his skull. 

Obviously, these accidents might have been pre- 
vented if the chemicals involved had not been available. 
For this reason, some chemical companies feel that the 
best. way to combat “dangerous incentive”’ in the adoles- 
cent is to refuse to sell him any chemicals at all. This 
action (or lack of it) might be effective if all sources of 
supply were shut off, but is this possible? And need 
the entire supply of chemicals be shut off when only 
phosphorus, potassium chlorate, and magnesium metal 
(plus gunpowder) are responsible for three-quarters of 
the accidents? 

Chemistry teachers are not entirely free from blame 
in this matter of ‘dangerous incentive.” Sometimes 
their fault lies in the attempt to make the subject 
““nteresting,” or in failure to keep control of supplies. 
Surely chemistry has advanced sufficiently so thet 
from the wealth of material available safe, constructive 
experiments can be substituted for the older, often 
dangerous but spectacular experiments. 

For instance, the preparation of smoke rings froi 
phosgene can be completely eliminated in the high- 
school chemistry laboratory. The production of chen - 
ical light with luminol and an alkaline solution of hy- 
drogen peroxide is an excellent and safe substitute. 
No beginning student need use potassium metal or see 
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its .ction on water. The action of metallic calcium on 
wator is equally instructive and completely safe. 
Why need red phosphorus be present in a high-school 
chenistry storeroom? Better, have on hand the 
chenical necessary to prepare synthetic rubber or 
pla: tic. 

\fany readers may disagree about the best means to 
prevent chemical accidents. The subject needs much 
discussion. Some possible solutions to this problem 
are: (1) clearly define the causes of the accidents; 
(2) discuss the causes and results of chemical accidents; 
(3) try to draw conclusions as to action to be taken to 
prevent such accidents. 

Accidents resulting from the “making of bombs” are 
smearing the thoughtful pursuit of amateur chemistry. 
Amateur chemistry is not too dangerous for the knowl- 
edge, enthusiasm, and experience that the young ex- 
perimenter gains. Amateur chemistry should be en- 
couraged, but let us agree on how to encourage it—all 
of us, teachers, parents, and chemical supply houses. 

Some chemical companies refuse to sell any chemical 
to minors. They fear lawsuits arising from the misuse 
of the chemicals, and consider the amateur chemist a 
nuisance. Then, there is the other extreme. One 
supplier solicits the business of amateur chemists. 
This company distributes an order form on pyrotechny 
supplies with such phrases as, ‘“Pyrotechny stimulates 
an active interest in chemistry,” and “‘Pyrotechny is en- 
couraged by the National Government.” This order 
form lists red phosphorus, potassium chlorate, magne- 
sium metal, and a number of other chemicals capable of 
injuring adolescent boys. ‘Your own ingenuity will 
suggest many unique combinations,” the advertising 
concludes. 

Surely there is a safe and sane policy which could be 
adopted by chemical supply houses toward the selling 
of chemicals to adolescents. For one thing, the par- 
ent’s signature (of approval) could be compulsory on 
every chemical order submitted by a minor. For the 
information of the parent whose signature is required, 
standard order blanks are issued by the Amateur 
Chemist Organization! upon request, listing those 

‘Information may be obtained from The Amateur Chemist, 
Chester, Plumas County, California. 


$11 


chemicals considered to be dangerous. Accidents may 
occur with “safe” chemicals, but accidents surely will 
occur sooner or later with chemicals which are known to 
be dangerous—and the chemical supply houses should 
be aware of this. 
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Figure 7. Incentive 


The author’s suggestions for eliminating the appalling 
accidents which occur both in the chemistry laboratory 
(22 per cent) and outside of amateur chemistry (78 
per cent) follow: 

(1) Eliminate potassium metal and red and yellow 
phosphorus from high-school and home chemistry lab- 
oratories. 

(2) Emphasize the idea that potassium chlorate may 
be as dangerous as potassium cyanide. 

(3) Attempt to have some uniformity of ideals and 
practice by the retail chemical supply houses toward 
sale of chemicals to minors. 

(4) Discourage (parents may prohibit) interest in 
pyrotechny and rocketry. 

(5) Encourage amateur chemists to confine their 
activities to a chemistry laboratory in a basement, 
garage, or shed. 

(6) Inform adolescents and particularly amateur 
chemists of the dangers of potassium chlorate and gun- 
powder explosives, colored flares, and rocketry. 
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A Med-Chem-Gem 


Tue future collaborators with the medical profession being trained by Dr. Henry EtseEn at St. 
John’s University School of Pharmacy, Brooklyn, New York, are able to orient the doctors 
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INTERPRETING LIQUID AMMONIA CHEMISTRY 


WITH THERMODYNAMICS 


Ir 1s the purpose of this article to show that it is possi- 
ble to systematize the chemistry of liquid ammonia 
with thermodynamic data. Heretofore, the chemistry 
of liquid ammonia has been likened to the chemistry of 
water. A “nitrogen system of compounds” (analogous 
to the common “oxygen system of compounds’’) has 
been elaborated (7, 3) even to the extent of considering 
compounds like hydrazoic acid and nitric acid as chem- 
ical analogues. This method of analogues has often 
proved useful in qualitatively interpreting the behavior 
of various nitrogen-containing compounds, and will 
certainly continue to do so. But the use of thermo- 
dynamic data in explaining the chemistry of liquid 
ammonia has been neglected. 

Twenty or more years ago, it was natural that the 
correlations of ammonia chemistry be largely qualita- 
tive; there simply were very few quantitative data. 
Since then, however, a variety of thermodynamic data 
has appeared in the literature, and it is possible quanti- 
tatively or semiquantitatively to describe the behavior 
of many compounds. In fact, the available data have 
given sufficient insight to ammonia thermodynamics so 
that it is possible to estimate thermodynamic functions 
where no experimental data exist. 

It is unnecessary at this point to describe in detail 
the methods of calculating thermodynamic functions 
from experimental data. However, brief discussions 
of certain important conventions and methods for 
estimating thermodynamic functions are appropriate. 


““STRONG”’ AND ‘“‘WEAK”’ ELECTROLYTES 


Studies of the electrical conductivity of salt solutions 
in liquid ammonia indicate that, at ordinary concentra- 
tions, all electrolytes exist in ammonia solutions as 
slightly dissociated ion-pairs (9, 10). It might be said, 
therefore, that there are no strong electrolytes in liquid 
ammonia. 

For practical purposes, however, it is convenient 
qualitatively to distinguish between weak and strong 
electrolytes in liquid ammonia. For example, consider 
the two acids, acetic acid (a “strong” electrolyte) and 
aniline (a “weak” electrolyte). Solutions of the former 
are highly conducting, whereas solutions of the latter 
are very poorly conducting (8). Acetic acid reacts to 
form ammonium acetate; its ion-pair dissociation con- 
stant, according to the Fuoss-Kraus theory, is the same 
as that for potassium acetate (K = 7.7 X 107) (9). 
Aniline apparently does not even form an ammoniate; 
it probably exists in solution principally in the molecular 
form. However, aniline must dissociate to a very 
slight extent: 
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CsH;NH2 NH; = NH,t C.sH;NH- 


Indirect evidence for this dissociation is found in the 
fact that an aniline solution reacts with potassium 
amide to form a solution of potassium anilide. 

The deviations of “strong” electrolytes from their 
ideal behavior may be ascribed to the relatively low 
dielectric constant of ammonia. It is a simple matter 
to absorb these deviations into the activity coefficients 
of the electrolytes. This convention is not uncommon 
among aqueous electrolytes. 


STANDARD TEMPERATURE 


There have been objections to the choice of 25° as 
the standard temperature for liquid ammonia thermo- 
dynamics, the most commonly suggested alternative 
being —33°. The reasons for the present choice of 25° 
follow: 

The better equilibrium data (solubilities and vapor 
pressures) have been obtained at 25° or at room tem- 
perature. 

The accepted standard temperature for ordinary 
thermodynamics is 25°. When the same temperature 
is used for ammonia thermodynamics, it is easy to make 
comparisons between ammonia chemistry and water 
chemistry. 

Although practically all the thermal data have been 
obtained at —33°, until recently their accuracy has 
been such that negligible error is involved in assuming 
the heats of reaction to be temperature independent. 
The author feels that 25° is a superior experimental 
temperature, and that liquid ammonia calorimetry will 
be greatly advanced by the use of constant-volume 
calorimeters operated at this temperature. 

Many significant chemical studies have been made 
at room temperature, through the use of two- and three- 
legged closed reaction tubes (7). Admittedly, more 
work has been done in liquid ammonia at its normal 
boiling point, but any qualitative conclusions which are 
drawn from thermodynamic data at 25° will usually 
be equally valid at the lower temperature. 


THE CALCULATION OF THERMODYNAMIC FUNC- 
TIONS FROM EXPERIMENTAL DATA 


The methods for calculating heats of formation 
(AH¥), free energies of formation (AF9), and entropies 
(S°) for species in liquid ammonia are very similar ‘0 
those used in the corresponding calculations for aqueous 
species. 

In liquid ammonia, the proton is practically com- 
pletely complexed as the ammonium ion: 


H* + NH; = NH,+ 
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The analogous reaction in aqueous solution’. may be 


written: 
H+ + H.0 = H;0* 


but most chemists, realizing the complexity of the 
hydrogen ion in water, prefer to ignore this reaction 
and use the simple formula H+. It is arbitrarily assumed 
that the standard changes in heat (AH®), free energy 
(AF), and entropy (AS®*) are zero for both of these re- 
actions. Similarly the functions AH,, AF,, and S° 
for 1+ are taken as zero in both ammonia and water. 


As an example, the procedures for calculating the thermo- 
dynamic functions for the chloride ion are outlined. 

The heat of solution of ammonium chloride at infinite dilution 
in ammonia at —33° is —6.8 keal./mole (2/). In the absence 
of heat. capacity data, we presume that the heat is the same 
at 25°. Since the heat of formation of solid ammonium chloride 
is —75.0 keal./mole and the heat of formation of the ammonium 
ion is —16.1 (this is simply the heat of formation of liquid am- 
monia at 25°), we calculate —75.0 — 6.8 + 16.1 = —65.7 keal./ 
mole for the heat of formation of the chloride ion (19). 

The solubility of ammonium chloride at 25° is 24.4 molal; 
vapor pressure data lead to an activity coefficient of 0.00822 
(20). From these data we calculate 1.9 keal./mole for the free 
energy of solution. The free energy of formation of solid am- 
monium chloride is — 48.7 keal./mole, and that for the ammonium 
ion (or liquid NH;) is —2.7 keal./mole (19). Hence we calculate 
the free energy of formation of the chloride ion, —48.7 + 1.9 + 
2.7 = —44.1 keal./mole. 

From the relation AF° = AH? — TAS®, we calculate —72.5 
e.u. for the entropy of formation of the chloride ionat 25° (298°K.). 
Since this is simply the entropy of the reaction: 


1/.Ho(g) + '/2Ch(g) = H* + Cl- 
or: 
1/2Ho(g) +°1/2Clo(g) + NHs = + Cl- 


a knowledge of the entropies of hydrogen gas (31.2 e.u.) and 
chlorine gas (53.3 e.u.) permits one to calculate —72.5 + 1/2 
(31.2) + 1/.(53.3) = —30.3 e.u. as the entropy of the chloride 
ion (19). 

METHODS OF ESTIMATING THERMODYNAMIC 
FUNCTIONS 


The absolute free energy change, AF?, involved in 
transferring an ion from water solution to liquid ammo- 
nia solution is primarily a measure of the relative ten- 
dency of the ion to coordinate water molecules or am- 
monia molecules. Strictly, there is no experimental 
method for evaluating this free energy change. But 
according to a semiempirical equation presented in an 
earlier communication (1/2), this free energy change may 
be represented by the expression: 


AF? = AF — 16Z — (1) 


Where AF?xy, and AF%,g, are the free energies of 
formation of the ion (in keal./mole) in ammonia and 
water, respectively, and Z is the charge (taking account 
of sign) of the ion. Of the ions for which data are avail- 
able, only one (the hydroxide ion) has a much greater 
affinity for water than for ammonia (AF? = 20 kcal./- 
mole). 

Other ions appear either to have approximately equal 


NH; 


' Unless otherwise stated, chemical equations in this article are 
written with the understanding that ammonia is the solvent. 
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affinities for the two solvents (AF? ~0) or to have vary- 
ing degrees of increased affinity for ammonia (AF?<0). 

We have made the assumption that the ammonia 
complexing constant for an ion in aqueous solution is a 
quantitative measure of the free energy change dis- 


cussed above. The over-all complexing constant for an 
ion, M+’ is usually expressed thus: 
_ (M(NH,).*] 
K = (M* 


and refers to the equilibrium (in aqueous solution) : 
+ zNH; = M(NH;).(H20),-2** + 


It is appropriate for this discussion, however, to assign 
similar standard states to both water and ammonia. 
If we take the standard state for water in aqueous solu- 
tions to be the hypothetical one molal solution, then 
the free energy change (in kcal./mole) for this reaction 
is given by the expression: 

AF% = —1.36 X (< log K + log 55) (3) 
(It has been assumed that x = y; in other words, the 
coordinated water molecules are completely replaced 
by the same number of ammonia molecules. This 
assumption is probably valid if x equals the usual 
maximum coordination number of the ion.) The 
quantity in parentheses in equation (3) has been tabu- 
lated by Bjerrum (5) for a number of aqueous ions; 
his values have been used to calculate the — AF& values 
given in the third column of Table 1. In the fourth 
column are listed values of — AF®. 

It will be noted that there is a close correspondence 
between the last two columns; in fact with an average 
deviation of 2-3 kcal./mole, corresponding values in the 
two columns are equal. Thus we have a general method 
for estimating the free energy of formation of an ion in 
liquid ammonia. It is only necessary to know the free 
energy of formation of the aqueous ion and the ammonia 
complexing constant. 

Since = AF k, we write: 

AF ian, + 16Z — 1.36 (log K + xloz 55) 


By combining the latter equation with the following: 
Sxa, = S°u,. + 23Z — 23 (5) 


(4) 


TABLE 1 


Free Energies of Transferring Ions from Water to Ammonia 
(Keal. /Mole) 


Ton x — AF —AF? 
Hg*++ 4a 36 40 
Car * 5a 29 29 
4 22 22 
Cut 2 20 20 
Ht 1 15 16 
Agt 2 14 17 
6? 7 0 
Lit 3? 4 0 
4? <4 2 


@ The number of ‘‘uniformly bound’’ ammonias for Hg** and 
Cut+ are 2 and 4, respectively. The —AF% values were cal- 
culated from the constants for complete coordination (4). 
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we obtain:? 


AH? AH 


OXIDATION POTENTIALS 


Oxidation potentials are very useful in summarizing 
the aqueous chemistry of an element (/6). Their 
? Naturally the last terms of equations (4) and (6) are omitted 


if the thermodynamic functions refer to an ammoniated ion, 
M(NHs)z 


TABLE 2 
Oxidation Potentials in Liquid Ammonia at 25° 
Acid Solutions 
Couple E®, volts 
Li = Lit + e— 2.34 
Sr = Srtt + 2e- 2.3 
Ba = Batt + 2e- 2.2 
Ca = Catt + 2e- 3.17 
Cs = Cst+ + 2.08 
Rb = Rbt + e— 2.06 
K = Kt +e- 2.04 
e-(am) =e 1.95 
Na = Nat +e- 1.89 
Mg = Mgtt + 2e- 1.74 
Mn = Mntt + 2e- 0.56 
Zn = Zn*+t + 0.54 
Cd = Cdtt + 2e- [0.2] 
Ni = Nit* + 2e- {0.1} 
Co = Cott + 2e- {0.0} 
Fe = Fet*+ + 2e- [0.0] 
1/,He + NH; = NH,+* + e~ 0 
4NH; = 1/,Ne + _ + 3e- —0.04 
Co = Cott* + 3e [—0.2] 
Tl = Ti+ + e- —0.25 
Pb = Pbtt + 2e- —0.28 
Cu = Cut + e— —0.36 
Cu = Cutt + 2e- —0.40 
Hg = + 2e- —0.67 
+ 6NH; = 3N.0 + 6NH,* + por 
Ag = Ag* +e a 
6NH; = NO;~ 6NH,+ 5e- —1.17 
= 1/,1(s) + —1.26 
O + 2NH; = 10. + 2NH,+ + 2e- —1.28 
= 1/,Bro(1) + —1.73 
= '/,Cl.(g) + -—1.91 
= '/.F.(g) + e~ —3.50 
Basic solutions 
E}, volts 
Ca + 2NH.~ = 2e- 83 
Li + = LiNH: + 70 
Cs = Cst ry 08 
Rb = Rb* + 06 
K = Kt +e- 04 
Na + = NaNH, + e7 02 
e~(am) = e~ 95 
Zn + 4NH.~- = Zn(NH2)-~ + 2e- 8) 
Mn + 4NH,- = Mn(NH:),~~ + 2e- 
NH.- = NH; +e- 59 
3NH.~ = + 2NH; + 3e- 55 


3Hg + 6NH.- = + 4NH; + 6e- 
+ 2NH,~ = Ag(NH2)2~ + e~ 
oNe ot 30H- 


Pb + 3NH.~ = Pb(NHe2)3~ + 2e- (1.4) 
Cd + 4NH.~ = Cd(NH2),-~ + 2e- (1.4) 
Cu + 3NH.~ = Cu(NHz2);~~ + (1.3) 
Ni + 4NH2.- = Ni(NH2),-~ + 2e- (1.3) 
Tl + 2NH.~ = + 3) 


= NO;~ + 3NHs; + 5e~ 


~— 


OH- + NH.- = 1/404 + NH; + 2e- 06 
2N;~ -+ 30H- + = 3N.0 + 3NH; + 8e- [0.0] 
I- = 1',1,(s) + —1.26 
Br- = 1/,Bro(1) + -—1.73 
1/.Cl.(g) + —1.91 

= 1/,F.(g) + e~ —3.50 


+ 23Z — 7 — 1.36 (log K + zlog55) (6) 
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champion, the late Professor Wendell M. Latimer, was 
eminently successful in teaching aqueous inorganic 
chemistry through the study of oxidation potential 
diagrams. Ammonia chemistry may be similarly 
correlated... 


In the usual half-reaction, or couple, the symbol e~ is an ab- 
breviation of the terms '/2H.(g) — H+. (In liquid-ammonia 
couples, it is more plausible, but not necessary, to think of e- 
as representing '/2 H.(g) + NH; — NH,+). In other words, for 
thermodynamic calculations, the couple: 


Na = Nat + e- 
is identical with: 
Na + H* = Nat + '/,H2(g) 
or 
Na + NH,*+ = + NH; + '/:H2(g) 


A simple example of the calculation of an oxidation potential 
from free energy data follows. We have previously calculated 
— 44.1 kcal./mole for the free energy of formation of the chloride 
ion. Therefore AF® = 44.1 kcal./mole for the following reaction: 


Cl- + = NH; + '/2H2(g) + Cle(g) 
or 
Cl- = 1/,Cl(g) + 


Using the relation H® = —AF®/n§ = —44,100/(1 X 23060) = 
—1.91 volts, we calculate the standard oxidation potential for 
the Cl-—Cl, couple. 


The oxidation potentials presented in this article have 
been calculated from the free energies of formation of 
the appropriate species. Many of these free energies 
have been tabulated previously (11, 12, 17) and are 
based on direct experimental data, involving a mini- 
mum of approximation. Most of the other free energies 
have been estimated. Those potentials enclosed in 
brackets [ ] have been estimated through the use of 
equation (4) and are probably accurate to +0.1 volt. 
The oxidation potentials enclosed in parentheses ( ) 
have been simply estimated from the reported chem- 
istry and may be in error by several tenths of a volt. 
The author will gladly send the interested reader a 
tabulation of free energies with the methods of calcula- 
tion. 

In Table 2 are listed some oxidation potentials for 
liquid ammonia. 

If the H.-NH,* couple and the NH;- N: couple were 
completely reversible, the only couples with any s'g- 
nificance in acidic liquid-ammonia solutions would >e 
those with potentials between zero and —0.04 vot. 
The ammonium ion would oxidize any reducing age \t 
with a potential more positive than zero volt, ad 
ammonia would reduce any oxidizing agent with a 
potential more negative than —0.04 volt. Fortunately 
however, both the hydrogen couple and the nitrogen 
couple have overvoltages of about one volt. So in 
acid solutions, the practical range of potentials {or 
dissolved species is from 1.0 volt to —1.0 volt. ‘{n 
basic solutions, where the H--NH; and coupes 
have potentials of about 1.6 volt, the practical ranze 
extends from 2.6 to 0.6 volts. Of course, these limits 
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are extremely rough. Many exceptions are to be found, 
par icularly among nitrogen compounds which often 
react very slowly. 

I: will be noted that the ammoniacal electron, e- 
(an'), has an oxidation potential of 1.95 volt. From 
this and the H.-NH; potential in basic solution one 
calculates K = 10~—* for the reaction: 


+ = e~(am) + NH; 


If the reaction were reversible, one would expect that 
hydrogen (at 100 atmospheres pressure) would be in 
equilibrium with a solution one molar in NH.~ and 
10-’ molar in e~ (am). Such a solution would be pale 
blue. 


POTENTIAL DIAGRAMS 


A series of potentials such as that of Table 2 is useful 
for comparison purposes and in aiding the search for an 
oxidizing or reducing agent of a particular strength. 
But in discussing the chemistry of an element which 
exhibits several oxidation states, an oxidation potential 
diagram is more concise (16). 


A “potential diagram” summarizes a large amount of informa- 
tion in a small space. Consider, for example, the following 
hypothetical diagram for aqueous solution (1 M H*): 


| 0.17 


MO; 


The potentials between adjacent oxidation states are indicated 
above the lines connecting the formulas of the principal species 
which exist in acid solution. In this example, we shall assume 
that all thermodynamically possible reactions are reasonably 
rapid. The following conclusions may be drawn: 

(1) The element M exhibits three oxidation states (+1, +3, 
and +7), corresponding to the species M+, M*%, and MQO,~ in 
acid solution. 

(2) The acid HMO, is a strong electrolyte. 

(3) M will reduce the hydrogen ion (H.-H*+:E® = 0), giving 
the M+? ion. One must not presume that M is noble simply 
because the M—M* potential is negative. 

(4) Oxidizing agents with potentials more negative than 
—1.00 volt are required to oxidize M or M** to MO,-. 

(5) M+ is unstable with respect to disproportionation into 
M and M** by 0.40 volt (for the two-electron reaction). 

(6) M+ is a powerful reducing agent; it is unstable with re- 
spect to oxidation by the hydrogen ion. 

(7) M+? is stable with respect to disproportionation. 

(8) MO,~ is an oxidizing agent comparable to bromine in 
strength. 


In the following paragraphs, the ammonia chemistry 
of several interesting elements is discussed in terms of 
potential diagrams. 


COPPER IN ACID SOLUTION 
Cu — 0.36 Cu’ —0.44 
—0.40 


The negative values for the Cu-Cut+ and Cu-Cu++ 
cc uples indicate that copper is a noble metal in ammonia 
just as it is in water; it will not dissolve in 1 M NH,+ 
w.th evolution of hydrogen. 


From the fact that the 
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Cu-Cu* couple has a potential slightly more positive 
than that of the Cut—Cu+* couple, we conclude that the 
cuprous ion is barely stable with respect to dispropor- 
tionation. (It will be remembered that this behavior 
is the opposite of the behavior in water solution.) 
From the potentials, we may calculate a rough value 
for the equilibrium constant of the oxidation of copper 
by the cupric ion. 
Cu+Cut+=2Cut K = 22 


Sloan (23) has prepared cuprous nitrate by the action 
of copper on cupric nitrate in liquid ammonia. It is 
significant that he was unable to discharge entirely the 
blue color (cupric ion) of his solutions. The reversi- 
bility of the reaction has been demonstrated by Frank- 
lin (7). By acidifying a solution of potassium ammono- 
cuprite, Ke,Cu(NH2);, he obtained a colorless solution 
of cuprous nitrate which turned pale blue on standing. 
Undoubtedly a more accurate value of the above equi- 
librium constant could be obtained by direct measure- 
ment of the equilibrium. 

The negative potentials for copper may come as a 
surprise to those who are familiar with the rapid corro- 
sion of copper by liquid ammonia in open containers. 
This corrosion must be caused by oxidation by oxygen 
of the air. It will be noted that the H,O—O, couple has 
a very negative potential (— 1.28 volt). 


COPPER IN BASIC SOLUTION 


(1.4) (0.0) ae 
[ Cu(NH,); ] 


The potentials for basic solution have been estimated 
from the reported chemistry. In agreement with the 
potentials, copper will not reduce ammonia in basic 
solution to hydrogen. The +2 oxidation state is easily 
reduced by the amide ion; when excess potassium amide 
solution is added to a solution of cupric nitrate, the 
following reaction takes place (7): . 


3Cut++ + 12NH,~ = 3Cu(NH2)s~~ + 2NH; + 
MERCURY IN ACID SOLUTION 


— 0.67 
—1.5 0.2 ++ 
He 102), 
—0.68 Hg.l, — 0.66 


Whereas the mercurous ion in aqueous solution is 
stable with respect to disproportionation, the opposite 
is true in liquid ammonia (1/5). Even the very in- 
soluble mercurous iodide has been observed to de- 
compose into metallic mercury and +2 mercury (13). 

In neutral solution, mercuric halides ammonolyze 
with precipitation of ammonobasic mercuric halides 
(7). From thermal data we calculate K = 2.3 for: 


Hg*++ + Cl- + 2NH; = HgNH.Cl + NH,+ 
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The addition of an ammonium salt causes the precipi- 
tate to redissolve. 
MERCURY IN BASIC SOLUTION 


(1.1) 
Hg Hg;N2 


Slow addition of potassium amide to mercuric hal- 
ide solutions precipitates the ammonobasic mercuric 
halides discussed above. By further addition of 
potassium amide, these salts are converted into mercuric 
nitride (7). 

Mercuric nitride has been used as an oxidizing agent 
in liquid ammonia (22). For example, hydrazobenzene 
has been converted into azobenzene: 


3Cs;H;NH: NHC.H; Hg;N2 =3C,H;N: : NC.H; 3Hg + 2NH; 
NITROGEN 


Nitrogen chemistry is complicated by the fact that 
many thermodynamically favored reactions proceed 
very slowly, if at all. All the observed reactions, how- 
ever, are in agreement with the potential diagrams. 

The first product in the cathodic reduction of sodium 
nitrate solutions is sodium nitrite. Further reduction 
forms sodium hyponitrite, NazN.O2, and the explosive 
sodium hydronitrite, NazgNO. (1, 2). Reduction of 
nitrate solutions by metals or metal solutions proceeds 
in a similar manner (3, 7). The estimated potentials 
are in agreement with the fact that hydronitrite is un- 
stable in acid solutions. 
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Both nitrogen tetroxide and nitric oxide react with 
metal solutions to form metal nitrosyls, (MNO), (3), 
These substances apparently are distinctly different 
from the corresponding hyponitrites. 

Nitrous oxide is reduced to nitrogen by potassium 
solutions (3) : 

K+ + 2e- + NO + NH; = N:; + + KOH 


The driving force for this reaction is increased by the 
slight solubility of potassium hydroxide. The amide 
ion then reduces nitrous oxide to the azide ion (3, 7): 
Kt + 2NH2,~ + N.O = N;~ + KOH + NH; 
It will be noted that this reduction of nitrous oxide by 
—3 nitrogen is much more favored in basic solution than 
in acid solution for two reasons. First, the potential 
for the ionic reaction is greater in basic solution by 1.1 
volts; second, the hydroxide ion is precipitated by the 
potassium ion. 

Other examples of the reducing action of the amide 
ion are to be found in the oxidation of amide to nitrite by 
oxygen (14): 

2K+ + 4NH.~- + 302 = 2NO.- + 2KOH + 2NH; 
and the oxidation of amide to azide by nitrate (6): 
3K+ + 3NH2~ + NO;~ = N;~ + 3KOH + NH; 
Franklin (7) has interpreted the last reaction as the 
ammonolysis of the nitrate ion. The author, however, 


prefers to emphasize the oxidation-reduction aspect of 
the reaction. 
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In the presence of various catalysts, amide and ni- 
trate react differently (4). 
3K+ + 3NH.~ + 3NO;—- = 3KOH + N2 + 3NO.~ + NH; 
The amide ion reacts very slowly at room temperature 
with the nitrite ion to give nitrogen (4): 
2K*+ + NO.- + NH.~ = 2KOH + 
CHLORINE 


~1.47 
Acid solution 
| {-1.4] 
~0.13 
_ [2.1] (-0.2) _ 
Basic solution Cl Cl Ga, 
(0.1) | 


It can be seen that chlorine is unstable in ammonia 
solutions for two reasons. It disproportionates into 
chloride and chloramine, and it oxidizes the ammonia 
to nitrogen. Even the chloramine resulting from the 
disproportionation is very unstable with respect to re- 
duction by the solvent. Both hydrazine and nitrogen 
have been observed as products (18). 
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* UNIVERSAL INDICATOR FOR pH 1-13 


Ir is convenient to use colorimetric pH measurements 
for experiments in the first year general chemistry 
laboratory to demonstrate buffer action, common ion 
effect, and relative strengths of acids and bases. We 
have found that available universal indicators are not 
entirely satisfactory at the extremes of the pH range, 
particularly at the alkaline end. The following mixture 
of indicators is quite satisfactory to differentiate inte- 
gral pH units over the range pH 1-13: 


1.250 g. sym-trinitrobenzene in 25 ml. dioxane 

(0.040 g. phenolphthalein in 20 ml. methanol 

().300 g. o-cresol phthalein in 30 ml. methanol 

(0.125 g. meta methy] red in 50 ml. methanol 

0.125 g. metanil yellow in 30 ml. methanol 

0.010 g. methyl orange in 20 ml. methanol 

1.000 g. alizarin yellow GG in 100 ml. methanol + 20 ml 
dioxane 

0.025 g. methyl red in 100 ml. methanol + 20 ml. dioxane 


F. R. RICHARDSON 
Royal Military College of Canada, Kingston, Ontario a 


0.255 g. bromothymol blue in 4 ml. 0.1 N NaOH + minimum 
volume methanol 

0.250 g. thymol blue in 4 ml. 0.1 N NaOH + minimum volume 
methanol 


These solutions were mixed and diluted to one liter 
with methanol and filtered. The mixed indicator 
gave the following color changes: 


pH Color pH Color 

1 red pink 7 green yellow 
2. pale orange pink 8 green 

3 orange 9 blue green 

4 yellow orange 10 purple 

5 orange yellow 11 red purple 

6 pale yellow 12 purple orange 


13 brown orange (fades slowly) 


The above description in words does not adequately 
describe the marked differences in color observed. In 
practice the pH can be readily estimated to within 
0.5 pH units from a series of standards. 
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Trrancutar charts are widely used for plotting 
properties of three-component systems as a function of 
composition. The property of equilateral triangles 
permitting their adaptability is that the sum of per- 
pendiculars from any point in the triangle to the sides is 
a constant. In this type of graph the altitude is usu- 
ally taken to represent 100 per cent (or unity); hence, 
the sum of the perpendiculars from the three sides to a 
point in the triangle must always be equal to 100 per 
cent (or unity). Thus, that particular geometrical 
property of the equilateral triangle, taken in conjunc- 
tion with three suitable arithmetical scales directed 
along the three altitudes of the triangle, furnishes a 
basic triangular coordinate plane each and every point 
of which represents, uniquely, a definite value of the 
composition of a ternary system in terms of its three 
components. The property being plotted, like melting 
point, boiling point, density, index of refraction, vis- 
cosity, etc., can then be shown on the basic coordinate 
plane in the form of contour lines. 

If logarithmic scales are used instead of arithmetical 
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A LOGARITHMIC TRIANGULAR CHART 


A Graphical Representation of the 
Equation of State for an Ideal Gas 


JORGE GUERRA 
Williams Industrial Products, S. A., Havana, Cuba 


scales on such a diagram, a triangular logarithmic co- 
ordinate plane results. This has the property that the 
product of the three coordinates of any point in the 
triangle is a constant. The logarithmic transformation 
of the scales brings about a special situation in that 
the property in question is found to obtain not only for 
points within the triangle or on the sides of the triangle, 
but also for points outside the triangle. Each of the 
three scales may be extended logarithmically without 
limit in both directions outside the triangle so that an 
infinitely extended plane is the result. For each and 
every point of this plane it is found that the product 
of the three point-coordinates is a constant. 

The figure shows the application of this type of 
triangular logarithmic chart to the graphical represen- 
tation of the pressure-volume-temperature relation- 
ships, or equation of state, of one mole of an ideal gas 
for which 
= aconstant = 62.36 liter-mm. Hg X (°K.)~! X 

(gram-mol)~ 

For convenience and ready reference the two coordi- 
nate lines corresponding to standard 
conditions, 7. e., pressure 760 mm. Hg 
and temperature 273.16°K., as well 
as the line corresponding to the molar 
volume under standard conditions 
(22.414 liters) have been emphasized 
(made heavier). In particular, the 
chart has been so constructed as to 
locate one mole of ideal gas under 
standard conditions in the geometrical 
center of the figure. The lines corre- 
sponding to a pressure of 600 mm. Hg, 
a temperature of 346°K., and a volume 
of 17.695 liters, originally employed as 
reference or guide lines during the con- 
struction of the chart; have also been 
emphasized. The coordinate lines have 
been extended over and beyond this 
original triangle, however, in orcer 
to stress and help convey the idea that 
the coordinate scales may be extended 
equally well into the plane outside the 
triangle. It is obvious that other units 
of pressure, volume, and temperature 
may be used, as well as any voluwie 
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ther than the molar volume, provided the correspond- 
ng gas constant is adopted. 

For any point in the plane of the figure the values of 
he three coordinates of pressure, temperature, and 
molar volume satisfy the above equation. It follows 
hat by locating in the plane the point of intersection of 
any two of the coordinates we thereby locate, uniquely, 
the corresponding third coordinate; 7. e., given P (mm. 
Hg) and T (°K.) we can read directly off the chart the 
corresponding value of the molar volume (liters). 
Also, since all lines in the chart are iso-lines (constant 
pressure or isopiestics, constant volume or isochores, 
and constant pressure or isotherms) it follows that there 
may be read off directly from the chart, if needed, the 
values assumed jointly by any pair of variable gas 
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properties as we move along the third one at constant 
value. 

The chart may be found useful in the classroom as an 
adjunct to the discussion of the combined formula of 
Boyle’s and Charles’ laws and for acquainting the 
students with graphical methods. In the physical 
chemistry laboratory the chart, enlarged and with the 
scales subdivided, may save time spent in routine cal- 
culations concerning gas volumes as required in molec- 
ular-weight determinations by vapor-density methods. 
The assumptions and approximations involved in the 
molecular-weight determination by the Victor Meyer 
method are such that the use of the chart for this pur- 
pose is not at all likely to introduce errors greater than 
those inherent in the method itself. 


Ix rae study of stoichiometric reactions associated 
with solid surfaces it became necessary-to design a 
calorimeter which would measure consecutively several 
heat changes. As the result of this need, the author 
has designed an apparatus which, although based 
upon generally accepted practices, is unique in that it 
combines several features used in modern calorimetry. 
The apparatus permits the measurement of the heat 
of solution of a solid in a liquid, followed by the meas- 
urement of the heat of interaction of this solution with 
various amounts of a reagent. For example, the heat 
of solution of sodium oleate in water can be measured 
by breaking a sample tube of a known amount of the 
soap in the water contained in the calorimeter. Next, 
the heat of salting-out of the soap may be measured 
by adding measured amounts of a salt solution. 

The instrument has been used to measure heats of 
neutralization, heats of wetting, and heats of solution. 


It has been operated by several different persons, some 
with only a minimum of training. The instrument has 
proved to be reliable, and reproducible results to within 
+0.25 per cent are regularly achieved by an experienced 
operator. 

The calorimeter is built to fit a pint Dewar flask 
(Figure 1). The calorimeter assembly is suspended in 
an air chamber of about 40 liters capacity. This 
chamber is in turn placed in a thermostatted air bath 
of one cubic meter, the larger bath being held at 
+0.10°C. The inner bath temperature fluctuates 
+().005°, while both of these temperature changes are 
effectively lagged out in the Dewar flask. The actual 
temperature change in the calorimeter consists of 
a constant drift of no more than 0.000i° per minute 
upward or downward depending upon the conditions 


A PRECISE, UNIVERSAL CALORIMETER 


W. H. SLABAUGH 
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Figure 2 


under which the determination is made. The calorim- 
eter is operated in a room thermostatted at +0.5°C. 

A constantan coil made of No. 36 gage wire and 
having 41.58 ohms resistance at room temperature 
serves as a calibration heater. In calibrating the heat 
capacity of the calorimeter a potential of six volts is 
placed across the heater and the exact amperage noted. 
From the time and current which flows through the 
heater, reproducible calibrations to within +0.1 per 
cent are obtained. 


HEAT OF NEUTRALIZATION KCAL./MOLE 


° 30 60 $0 120 1sO 180 
MEQ. OF NaOH / 100 g BENTONITE 
Figure 3 


The change in temperature is detected with a ther- 
mistor (No. 15A, supplied by Western Electric Co.) 
whose temperature coefficient is approximately five 
ohms per degree centigrade. This type of thermistor 
has been found to be considerably more stable than a 
thermopile of copper-constantan used in a previously 
designed calorimeter. The transistor must be pro- 
tected from moisture for best performance. <A thin 
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coat of paraffin wax has proved sufficient for this pur. 
pose. A Type G-2 Mueller resistance bridge along 


' with a Leeds and Northrup Type HS galvanomete 


with a one-meter scale serve to measure the change iy 
temperature. The galvanometer serves to measure the 
off-balance of the bridge. For this reason a con- 
siderably less elaborate bridge may be used. The 
sensitivity of this detector system permits the meas. 
urement of temperature changes of 0.00002°. An 
observation is made by first permitting the system 
to reach a steady state in which the drift of the tem- 
perature in the calorimeter is no more than 0.0001° 
per minute. After a constant drift is established the 
heat determination is made, comparing the displace- 
ment of the drift produced by the reaction to a similar 
displacement produced by a calibration. Each calorie 
of heat released in the calorimeter causes a net scale 
deflection of 2.56 + 0.02 cm. when 200 grams of water 
are in the calorimeter. During a run the actual tem- 
perature change of the calorimeter is no more than 
0.005°, a change too small to appreciably affect the 
calibration of the instrument. 

Figure 2 is an illustration of a calibration and a de- 
termination of a heat of wetting of a solid. In this 
particular run, a current at 0.145 amperes passed 
through the heater coil for 15.05 seconds. This repre- 
sented a release of 3.14 calories. The wetting action re- 
leased 8.20/8.05 times as much heat, or 3.20 calories. 
Determinations on additional samples can be made 
because the heat capacity of the calorimeter remains 
constant within the error of the instrument. 

A versatile feature of this apparatus is the provision 
for studying the heat changes which accompany reac- 
tions that occur in stepwise fashion. By means of the 
syringe pipet, operated from outside the calorimeter, 
small increments of reagent may be added and the heat 
changes accompanying each addition may be measured. 
For example, a polyprotic acid can be titrated calori- 
metricaily with a base. Figure 3 shows the type of 
data obtained in this type of observation. The acid 
analyzed in Figure 3 is a colloidal electrolyte which 
obviously exhibits two sources of hydrogen ions. 
The “end points” indicated by the two abrupt decreases 
in heat of neutralization correspond exactly with 
similar end points measured by potentiometric titra- 
tion of the same system. From the area under these 
curves the mean heat of neutralization can be cal- 
culated. For many such reactions only the mean heat 
of reaction is now known. Consequently, this in- 
strument provides a means of studying the heat of 
reaction during various phases of consecutive reactions. 
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Tue chemical library spoken of in the title of this 
paper is the library of the Eastern Laboratory of E. I. 
du Pont de Nemours & Company, located at Gibbs- 
town, New Jersey. This laboratory, one of two re- 
search laboratories of the company’s explosives de- 
partment, is one of the oldest industrial research 
laboratories in the country. It was established in 
1902 and named for the Eastern Dynamite Company, 
a holding company which operated du Pont’s Repauno 
dynamite plant located on adjoining property. The 
laboratory’s research efforts in the beginning were ex- 
clusively related to the commercial explosives in- 
dustry—investigations into the composition, manu- 
facture, and applications of commercial explosives, 
and into possible new developments in that field. 
Over the years, however, Eastern Laberatory’s re- 
search interests have broadened, and its work now is in 
the wide field of chemistry, particularly fundamental 
and exploratory research in organic chemistry. Its 
library, started in 1910, has always reflected the in- 
terests of the laboratory. Today it has most of the 
standard references and bound sets of periodicals. 

The library functions as an integral part of Eastern 
Laboratory’s intelligence section, which may be con- 
sidered a technical information gathering and distribu- 
ting unit. There are within it three groups of workers: 
the library group, with a staff of seven—the librarian 
and six clerical workers; the patent group with a staff 
of four women chemists; and the literature group, with 
a staff of five women chemists. The head of the section 
is a patent attorney who also has a science degree. 

Members of the library group administer the labora- 
tory’s book, periodical, and patent collections, as well 
as its technical reports and notebooks. They handle 
all the ordering and stenographic work of the section. 

Members of the patent group abstract and index new 
patents, make prior art searches for information and 
patentability, submit memoranda for use in the prepara- 
tion of patent applications by the company’s patent 
division, and provide technical comments on the United 
States Patent Office actions. From the patent ab- 
stract cards, a patent bulletin is compiled and issued 
weekly, The work of these chemists is not exclusively 
related to patents, however, for they also have some 
‘ Presented before the Division of Chemical Literature at the 


128th Meeting of the American Chemical Society, Minneapolis, 
September, 1955. 


ACTIVITIES OF THE LITERATURE GROUP 
IN A CHEMICAL LIBRARY’ 


MARGARET W. IMBRIE 
E. I. du Pont de Nemours & Company, 
Gibbstown, New Jersey 


literature service activities. For instance, they share 
with the literature group the job of reviewing the 
periodicals received at the laboratory. The ones they 
scan are chiefly the engineering and trade journals, 
66 in number. In addition, they edit reports written 
by laboratory personnel, give bibliographical assistance 
to laboratory authors who submit papers for publica- 
tion, and make translations. 


ACTIVITIES OF THE LITERATURE GROUP 


The many activities of the literature group may be 
classified as: abstracting and indexing, preparing 
literature searches, and making translations chiefly 
from German and French. The specific activities in- 
volved in abstracting and indexing will be described in 
some detail. 

First of all, members review regularly about 60 per 
cent of the 150 technical journals received by the li- 
brary, and they mark pertinent articles to be forwarded 
to individual! research chemists or engineers at the 
laboratory. Specific journals are not always reviewed 
by the same literature chemist; instead the journals are 
picked up, one or two together, from the receiving desk 
in the group’s office by any one of the literature chemists 
as she has time to look them over. 

While scanning the periodical literature, the group 
members watch for articles which should be included in 
the continuous bibliographies on selected subjects 
which are maintained by the group. The list of*25 
subjects is revised from time to time as the interests 
of the Jaboratory dictate. Certain of these subjects 
are assigned to each literature chemist, and appropriate 
articles are directed to her for abstracting. The ab- 
stracts are typed on 4- X 6-inch cards by the library 
group. From these cards, which are not immediately 
filed, the senior literature chemist compiles a literature 
bulletin. This contains usually from 25 to 30 abstracts 
and is about six pages long. The bulletin is issued once 
or twice a month and is circulated to the laboratory 
technical personnel and to a few explosives department 
members in other locations. 

’ The literature chemists also abstract and assign 
subject headings to the 50 or 60 technical reports 
received by the library each month. These include 
research reports written by laboratory personnel and 
reports received from other departments of the company 
and from outside agencies. The abstracts are dupli- 
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cated on cards for the library’s index to reports, and 


they appear on a list of new reports issued monthly . 


by the library group. 

Literature chemists assist the library indexers by 
assigning subject headings for technical articles re- 
ceived as reprints, films, photocopies, or pamphlets. 
These articles are referred to them by the library 
group as soon as they have been circulated to the per- 
sons for whom they were obtained, and, as in the case 
of the new journals, the literature chemists review them 
when time permits. 


INDEXING CORRESPONDENCE 


Related to the above activities is the group’s job of 
indexing the laboratory’s correspondence files, or more 
specifically, indexing those letters containing significant 
technical information. This information includes 
accounts of specific, short-term investigations which, 
because of their limited scope, were never incorporated 
into formal reports. Correspondence received by, and 
sent from, the laboratory is filed chronologically in 
folders numbered in accordance with a broad subject 
classification. 

Because much valuable technical information not 
available elsewhere is contained in the letter files, new 
chemists and engineers at the laboratory always were 
required to become acquainted with the correspondence 
in pertinent subject classes as a background for their 
work. Consultation of the files frequently became 
necessary, also, when carrying out assigned projects. 
Location of the desired information in the correspond- 
ence files was not difficult in the past when the labora- 
tory’s activities were more limited in scope, when the 
correspondence files were not too bulky, and when the 
majority of employees had long experience and were 
thoroughly familiar with the files. 

During the years of World War II there were ex- 
tensive changes in personnel at the laboratory in a 
short period of time, and later, when the explosives 
department decided to set up separate laboratories 
adjacent to their manufacturing plants to take over the 
industrial research work formerly handled by Eastern 
Laboratory, a further loss of experienced men was 
foreseen. Newer employees made inquiries about 
work described in the correspondence. Because the 
clerical section, which is in charge of the files, could 
not give adequate assistance, the remaining long-ser- 
vice technical employees and the library chemists found 
it a tedious and time-consuming task to leaf through 
the files to locate special information. 

Therefore about two years ago the intelligence 
section was authorized to establish an index to the 
technical correspondence files. The literature group 
studied the problem of how to set up a useful index 
quickly and simply and decided that only four points 
were essential for the identification of any letter: the 
file number, date, author, and title. These could be 
typed on a standard card, with space left across the top 
for adding a filing caption, 7. e., the author’s name or a 
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subject heading. There would be room below thes 
lines for an abstract, if required. A stencil could be 
cut for each standard card, and the required number of 
copies could be duplicated. 

The literature group’s indexing procedure is to haye 
one of its members read over the letters in several 
folders in a new category to be indexed, marking as she 
goes along those letters which contain important 
technical information. Next she compiles a tentative 
list of appropriate subject headings. Finally she re- 
views the selected letters, indicates the subject headings 
for each, and prepares an abstract when the letter’s 
title is not sufficiently indicative of its contents. 

Usually one literature chemist does all the indexing 
in a single subject category; but if there are many sub- 
sections, these may be divided among the members of 
the group. The number of years covered in each sub- 
ject field varies. Ten or 15 years of an active file may 
be indexed, while only five or six of a less active one are 
covered. 
may be indexed in their entirety. The card index to 
correspondence, incomplete though it is, has already 
proved its worth. Frequently questions have been an- 
swered by its use which could not have been answered 
by consulting any other indexes. Recently a represent- 
ative from another department was sent to the labora- 
tory to review a subject on which there were extensive 
files of reports and letters. Instead of going page- 
by-page through ten years’ correspondence, he began 
with a review of the index cards for the five years in 
this particular category already indexed and quickly 
found the information he needed for this period. There 
remained only five years’ letters to be examined. The 
index, of course, will become more useful as more sub- 
ject fields are covered. 


ASSISTANCE TO MARKET DEVELOPMENT RESEARCH 


One of the most interesting and important jobs of 
the literature group is to give assistance to the market 
development section at the laboratory in building up an 
end-use file. This file is a collection of information 
which correlates the properties of chemical compounds 
with their end uses. The information is recorded on 
specially designed punched cards of the hand-sort 
type, 8- X 10-inch size, with four rows of holes around 
the edges. The cards are of two kinds, one for chemical 
compounds (or groups of compounds), and the other 
for end uses. All cards have encoded the chemical 
structure and functional groups of a given or required 
compound (or group of compounds), and the physical 
properties of the same. In addition, the chemical 
compound cards show market data, such as existing 
outlets, quantity produced per year, manufacturers, 
and selling prices; and the end-use cards show, for 
example, materials now employed, the deficiencies 
thereof, and the size of the market. 

The literature group’s duties in connection with the 
end-use file are, briefly, as follows: First, to scan the 
literature regularly for pertinent information on de- 
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partment products included in the file. (This part is 
aken care of in the routine review of current periodical 
iterature.) Second, to make literature searches on 
specific compounds or investigations of certain use 
fields, at the request of the market development sec- 
ion, and to enter the information thus obtained on 
appropriate punched cards. Third, to edit material 
or the file submitted by members of the market de- 
elopment section and to see that certain portions of 
hese data are encoded. Fourth, to assign a serial 
umber to each chemical compound card, and a cate- 
gory number to each end-use card, and to keep a record 
of these assignments. Finally, to issue typed cards 
o holders of copies of the end-use file and to keep the 
le up to date by entering any newly found additional 
nformation. 

Another responsibility of the literature group is the 


issuing from time to time of “Eastern Laboratory Re- 
search Product Bulletins’ which describe compounds 
prepared or investigated by the laboratory’s research 
chemists. 

The group also assists in compiling the data on 
properties, uses, and toxicology of new compounds 
which are being made on a semicommercial scale. 
This information is prepared as a “New Products 
Bulletin” for the use of the sales division. 

Finally, we shall mention the assistance given since 
1955 by the literature group to the authors of the 
annual ‘Unit Process’ report on esterification pub- 
lished in Industrial and Engineering Chemistry. The 
literature chemists first helped in locating bibliography 
references for the authors; they now cooperate by re- 
ferring current articles to the authors for inclusion in 
future reviews. 


PREPARATION’ 


Topay, most research culminates in written reports 
that have little room for digression and entertainment. 
Except for pleas (propaganda, request for funds, ad- 
vertisement), technical publications are supposed to be 
purely informative—neither poetry nor epic prose but 
clear, concise, logical exposition. The burden of that 
kind of writing can be lessened by a systematic ap- 
proach, so that time spent on mechanical steps is mini- 
mized. The central theme of this paper, therefore, is 
standardization or pedantry, not in the derogatory 
sense but in the reputable meanings of formalism and 
precision. The following observations were collected 
from the literature, by word of mouth, and from per- 
sonal experience. They are arranged approximately 
in the order in which those problems occur that might 
needlessly complicate scientific writing and editing. 


GATHERING DATA 


Many widely accepted symbols and abbreviations in 
mathematics, natural sciences, and engineering may be 
found in publications of the American Standards As- 
sociation, especially under Project Letters Y and Z.? 


‘From a paper, “Some mechanical aids for scientific writing 
and editing,’ presented at the Spring Meeting of Technical 
Writers and Editors, New York City, May 12-13, 1955. 

* “American Standards—Price List and Index,’’ Spring, 1955, 
pp. 38-39; also, “Style Manual for American Standards,”’ 


September 15, 1949, pp. 22-25 (American Standards Association, 
Inc., 70 East 45th Street, New York 17, N. Y.). 


SYSTEMATIC APPROACH TO MANUSCRIPT 


ERNST M. COHN 
U. S. Bureau of Mines, Washington, D. C. 


These conventions should be adopted from the start of a 
project; otherwise, extensive changes might have to be 
made later. Of course, other conventions common in 
the particular field of the project will be noted during 
the literature search and should be observed as a mat- 
ter of courtesy and convenience to others. 

References. Research and development begin with 
the accumulation of data. Published data are cheap, 
easier to obtain than original ones, and often the only 
guide for approaching a problem; hence, review of the 
literature and maintenance of an information file con- 
tinue for the duration of a project. 

These tasks are simplified by keeping each reference 
on a separate, punched card. Whether or not a punch 
indexing system is in use at the start of a project is im- 
material. The slightly higher cost of punched cards 
is negligible compared with the possible expense of 
having to transfer information from one set of cards to 
another when the need for a punch-card index arises. 

A uniform style should be used for citing references 
at the top of each card. The exact form is largely a 
matter of taste or company regulations. However, a 
long form is preferred that contains all the informa- 
tion that could possibly be needed: spelled-out first 
names, titles in the original languages, numbers of 
journal series, dates, and page spans on cards may save 
needless labor in the future. 

While a manuscript is in process, references had best 


| 

. 
' 


be identified by letters in the text and on the pertinent 
cards. Only after completion of the first draft and 


numbered and citations incorporated in the text, with 
necessary changes in style. Thus, the danger of wrong 
renumbering is lessened, references are quickly added 
or deleted, and cards are easily arranged in final order 
(alphabetic, chronologic, by subject matter, or in order 
of citation). Secondary references, such as those to 
abstracting journals, should be cited when original 
sources were not consulted. The accuracy of refer- 
ences should, of course, be checked in the final manu- 
script to eliminate errors of transcription. 

Reference and footnote markings should be inserted 
at points where they least disrupt the train of thought. 
In order of preference, these are at ends of paragraphs, 
ends of sentences, ends of phrases, or—where more than 
one reference is needed in a phrase—after names of 
authors. 

Equipment. Special apparatus may be required 
during the life of a project. Not only should drawings 
and blueprints be kept for future reference and possible 
publication, but photographs should be taken before 
equipment is installed. At that time it is more as- 
cessible, parts may be photographed before they are 
permanently concealed, angle shots of details are easier 
to take, and pictures will be free of confusing back- 
ground. The presence of people near large apparatus or 
of measuring sticks near small devices may appear 
stilted, despite all efforts at spontaneity, but is useful 
for estimating sizes. 

Notebooks. Original, unprocessed data should be re- 
corded in ink directly in notebooks. The method of 
keeping data is often prescribed by companies, es- 
pecially for patenting purposes. When bound books 
are used, space should be left in front for a chronological 
table of contents—date, topic, page—and in back for 
an index, for example, names of preparations or numeri- 
cal sequences of samples, grouped by source of origin. 
In a 48-page notebook, two pages in front and two in 
back usually suffice for this purpose. Simple, complete 
entries on such pages can save much time-consuming 
hunting for data. 


When many series of data are to be collected, a 
standard form should be devised beforehand and used 
consistently. Changes in this form should be made 
only when substantial advantages result from them. 
Space might be provided for more data than appear to 
be necessary at first. 
the possibility of omitting needed data. They may 
sometimes be used directly in manuscripts and, in any 
case, facilitate calculations and transfer of data to 
summarizing tables and graphs. 

When one person is working on more than one proj- 
ect, he would do well to keep a separate notebook for 
each project. The cost of paper is much less than that 
of time spent on untangling data. For the same reason, 
notes should not be crowded; each experiment deserves 
a new page. 


choice of publication medium should references be * 


Standardized forms minimize’ 
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CORRELATING DATA 


The work of correlating and evaluating data may 
start almost simultaneously with laboratory work and 
should be largely completed before a manuscript is 
begun. Because no original data are gathered in this 
process, loose sheets may be used rather than bound 
books. They can be kept in inexpensive 3-ring binders 
and rearranged to suit changing needs. 

Tables and Pictorial Representations. From the 
very start, tables, graphs, flowsheets, circuit diagrams, 
and the like should be laid out with eventual publica- 
tion in mind. Thus, members of a series should be 
similar in appearance and as uniform as possible; 
otherwise the reader is needlessly forced to reorient his 
thoughts. Each table, no matter how simple and 
small, should be set on its own page and transferred ona 
separate page of the manuscript for ease of possible re- 
arrangement as well as typesetting. 

Aids for Calculation. Standard aids for calculation— 
handbooks, conversion tables, normal nomographs, 
slide rules, and calculating machines—need not be dis- 
cussed here. However, two rather recent develop- 
ments are possibly not as widely known. 

One is the circular nomograph, used to calculate 
liquid and vapor compositions, convert mol to weight 
fractions, volume to weight and volume to mol per- 
centages, all for two-component systems. The first 
such chart appears to have been published by C. R. 
Franklin.* A similar one, Nomograph for the Inter- 
conversion of Atomic and Weight Per Cent in Binary 
Systems, was produced at Battelle Memorial Institute 
(Columbus, Ohio) which has distributed free copies of 
it. Methods of construction are given by H. D. 
Baehr‘ and O. P. Kharbanda.® 

Another time saver is the Gerber proportionating 
scale. It has a triangular spring containing 100 cali- 
brated coils that can be extended over a wide range on 
the scale and thus subdivide any arbitrary distance 
into 100 equal parts. A round spring with attached 
calibration discs follows the movement of the triangular 
one for easier reading. Interpolation, normalization, 
replotting to different scale moduli, and similar opera- 
tions can be performed directly from graphs with a 
minimum of arithmetic. Considerable savings of time 
appear possible when, for example, automatically 
plotted curves are to be evaluated or values are to be 
interpolated from graphs published in journals and 
books. 

Mathematical Expressions. In mathematical formu- 
las and equations, all symbols must be defined and ex- 
pressions checked for dimensional homogeneity. Seem- 


3 FRANKLIN, C. R., Chem. Met. Eng., 52, 117 (1945); reprinted 
in ‘Manual of Chemical Engineering Calculations and Short- 
cuts,’’ McGraw-Hill Book Co., Inc., New York. 

4 Baeur, H. D., Chem. Ing. Tech., 11, 676 (1953). 

5 KnarpBanpa, O. P., Chem. & Process, Eng., 35, No. 10, 309 
(1954). 

* Gerber Scientific Instrument Co., 162 State Street, Hartford 
3, Connecticut. 
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ingly obscure errors in calculation sometimes become 
obvious when dimensional discrepancies are discovered. 
After equations have been derived, they should be 
linearized as far as possible for ease of typing and type- 
setting. Some authors even go so far as to replace 
conventional symbols by typewriter characters, for ex- 
ample, an integral sign by “S’”’; this practice appears 
undesirable because it forces the reader to “translate” 
mentally a new symbol into one with which he is 
familiar. Certainly, no new symbols should be in- 
vented for known terms and operations. Unnecessary 
symbols, groups, and definitions, which might have 
been convenient for deriving mathematical expressions, 
should be removed again from the final manuscript. 
However, some mathematical groupings should be 
named, if possible. For example: 


G = [0.05D*g exp. (—E/RT)] (a + b)/2a(z — y) 


isa linearized expression which, when frequently cited in 
a paper, deserves a name, say, “‘modified mass veloc- 
ity.” 

Chemical Expressions. Chemical formulas and equa- 
tions should be checked for correct stoichiometry, 
especially after typing and typesetting. Standard 
nomenclature should be used for compounds to facili- 
-ftate indexing and abstracting. Helpful guides put 
out by the American Chemical Society include “Direc- 
. [tions for Abstractors,’’ “The Naming and Indexing of 
Chemical Compounds by Chemical Abstracts,” and a 
number of pamphlets on nomenclature relating to 
various branches of chemistry.*® 

Templates and rubber stamps are available or can be 
prepared for drawing ring systems on paper and 
stencils. They save a great deal of typewriter gym- 
nastics and assure even spacing of bonds at desired 
bond angles.® 
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WRITING THE MANUSCRIPT 


A natural start for a manuscript is a rather inco- 
herent flow of ideas, set down on paper just as they 
occur. This process may take place over any length of 
time and be carried on by all contributors to a manu- 


™“Mathematics in Type,’’ The William Byrd Press, Inc., 
Richmond, 1954. 

Pamphlets on amino acids, carbohydrates, carotenoid pig- 
ments, silicon compounds, cis and trans isomers, geometric iso- 
mers, cyclic compounds, vitamins, organic radicals, hydrogen 
isotopes and their compounds, and general International Union 
Commission rulings on organic and inorganic compounds are 
available from Chemical Abstracts, Ohio State University, 
Columbus 10, Ohio. 

‘Standard templates are sold in college book stores. Some 
Manufacturers are Eugene Dietzgen Co., Chicago; Collegiate 
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Mfg. Co., Ames, Iowa; Clay Adams Co., New York. Rubber 
stamps can be made by local stationery and print shops. 
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script. Eventually, notes will have to be pooled and an 
outline agreed upon. 

Nothing will be said here about spelling, grammar, 
punctuation, and orderly arrangement of material, be- 
cause guides for scientific writing and style (some of 
them conflicting in their advice) are abundant.'® This 
section will be limited to a listing of the most common 
shortcomings in scientific manuscripts: (1) strings of 
nouns with ambiguous meanings; (2) stock phrases 
that add useless verbiage; (3) tortuous phrasing to 
avoid “I’’ and “we’’; (4) double or triple hedging; (5) 
unnecessary editorial comments such as “interesting,” 
“valuable,” “new,” and “careful”; and (6) misuses such 
as “compared to” (“compared with’’), “overall” 
(“over-all”), “if”? (confused with “when’’), and “seem” 
(confused with “appear’’). 

When these aberrations and fundamental mistakes in 
English are eliminated, manuscripts are shortened and 
become easier to read. 

Mechanics of Typing. If a first draft of a large 
manuscript is needed, it should be triple spaced and 
provided with wide margins. Each heading, no matter 
how minor, should be started on a new page, and para- 
graphs should be completed on the same page on which 
they are started, when possible. These precautions per- 
mit major rearrangements to be made with a minimum 
of scissor-and-paste work. 

Authors should read every word of the last draft of a 
paper before submitting it to the editor. At that stage, 
errors in spelling and punctuation can be corrected 
which might cause needless delay and confusion later 
on. Final typing should, of course, be in the style de- 
manded by the intended recipient, with enough copies 
for reviewers, for distribution, and for the visitors and 
colleagues who invariably could use preprints before re- 
prints are available. 


CONCLUSION 


A methodical approach to writing is just as useful as 
one to experimentation. Methods and gadgets like 
those discussed eliminate drudgery and allow more time 
for the tasks of explaining facts, making and (dis)prov- 
ing hypotheses, and showing ways to further advances 
in science and technology. Some effort and experience 
help make the mechanical tasks second nature and per- 
mit concentration on more creative problems that are 
not as easy to solve because they are not repetitive. 


10 For example, Survie, N. G., “Clear Writing for Easy Read- 
ing,’’ McGraw-Hill Book Co., Inc., New York, 1951; F. Kerexes 
AND R. Winrrey, “Report Preparation,’’ Iowa State College 
Press, Ames, 1951; J. R. Newson, “Writing the Technical Re- 
port,’’ McGraw-Hill Book Co., Inc., New York, 1952; G. G. 
Haw tey, “Technical Speller,’’ Reinhold Publishing Corp., New 
York, 1955. 
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* THE ULTRAVIOLET ABSORPTION SPECTRA OF 
AROMATIC COMPOUNDS ADSORBED ON SILICIC 


ACID’ 


Srarkine color changes occur when certain aromatic 
compounds, such as 4-nitroaniline, are adsorbed on 
activated silicic acid from inert solvents. The present 
study was undertaken with the dual purpose of ex- 
plaining these color changes and trying to correlate 
them with known properties of the adsorbate and 
adsorbent. Accuracy and the fact that most of the 
“color changes” occur in the ultraviolet region of the 
spectrum demand that the “color” (spectrum) be 
recorded spectrophotometrically. 

The plan was to record the spectrum of a solution 
of the compound in an inert solvent and the spectrum of 
that compound adsorbed on silicic acid from a solution 
in the same solvent, and then to try to correlate any 
changes in the spectra with the change of the adsorb- 
ate’s environment on adsorption. These correlations 
can be expected to exist only when the electron being 
perturbed on adsorption is also the one excited in the 
electronic transition, a situation not often found to 
exist. 

It is not immediately obvious how one can obtain an 
ultraviolet transmission spectrum of a compound 
adsorbed on a solid which is as apparently opaque as 
silicic acid. The opacity is caused by the multiple 
refraction of the light at the numerous air-silicic acid 
interfaces. If the silicic acid were suspended in a 
medium which had the same refractive index as silicic 
acid, then the mixture would appear transparent 
because there would be no refraction of light at the 
liquid-silicic acid interface (1). Cyclohexane has a 
refractive index (1.426) for the sodium-D line which is 
very close to that of silicic acid (1.420); it is trans- 
parent in the ultraviolet region to 220 my, and it is 


1 PSACT Eprtor’s Note: The Student affiliates of the South- 
ern California Section of the American Chemical Society held 
their sixth annual regional convention on April 28, 1956, at the 
California Institute of Technology. This report is taken from 
Mr. Robin’s prize-winning paper presented at that meeting. 
The work was done under the supervision of Dr. Kenneth N. 
Trueblood as a senior problem in physical chemistry at U.C.L.A. 

* Present address: Department of Chemistry, University of 
Washington, Seattle, Washington. 
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inert and nonpolar; consequently, it was chosen as the 
solvent in this work. 

The refractive index of a substance changes with the 
wave length of the incident light in a way which is 
characteristic of the substance. Hence, the matching 
of the refractive indexes of silicic acid and cyclohexane 
in the visible region of the spectrum does not guarantee 
a match in the ultraviolet region. The divergence§INTERP 
of the refractive indexes in the ultraviolet region inf yt jg. 
creases with decreasing wave length. At 235 m frequen’ 
the refractive indexes of the silicic acid and the cyclo: singlet.‘ 
hexane are so different that the slurry becomes opaquelithe exci 
and thus a lower limit is set on the wave length regioifjouq 
available for investigation of this system. Slurrieff+ 
were prepared by mixing 7.0 ml. of Eastman Spectro. vcited 
Grade cyclohexane and 2.50 g. of Mallinckrodt Reagent 
Grade silicic acid which had been heated at 160°C. 
for at least 18 hours. After the mixture had been 
stirred magnetically to remove entrapped air bubbles, 
the resulting slurry had an absorbancy of 1.41 at§} "* 
350 my when viewed through a thickness of 0.3 cm. 
The absorbancy of slurries prepared in this manner was 
reproducible to +0.05 absorbancy units. The absorp- 
tion cells used had a path length of 0.3 em. and could 
be disassembled for easy cleaning. The assembled 
cells were made leakproof with Nonaq Stopcock Lubri- 
cant, a product of Fisher Scientific Company. The 
compounds investigated had either been recrystallized 
or distilled immediately before use. Spectra were 
recorded using a Cary Recording Spectrophotometer, 
Model 11PMS. 

Because of the high molar absorptivities of most of 
the aromatic compounds, it was necessary to use 
solutions of low concentration in order to obtain ab- 
sorbancies in the 1.0-1.5 range. Fortunately, even at 
these low concentrations each of the solutes except 
benzene was more than 98 per cent adsorbed so that the 
slurry spectra did not have to be corrected for un 
adsorbed solute. Appropriate dilutions were made 9 
that the same number of absorbing molecules was il 
the light path in both slurry and solution spectra. 
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Spectra of benzene, fluorobenzene, phenol and N- 
methylaniline in cyclohexane and adsorbed on silicic 
pcid were investigated. These compounds were chosen 
o demonstrate both the results of the above method 
pnd the interpretation used in explanation of the 
esults. 

The spectra are shown in Figures 1-4. In each case 
he solid line represents the spectrum of the solute in 
yelohexane, the dotted line its spectrum when ad- 
sorbed on silicic acid at the same concentration. 
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RPRETATION OF RESULTS 


It is first necessary to define two terms to be used 
frequently in what is to follow. The familiar singlet- 
singlet 2600 A. absorption band in benzene involves 
he excitation of one of the mobile electrons in the z 
loud, the excitation being to a vacant antibonding 
s* orbital. A transition in which a 7 electron is 
excited to a higher energy antibonding orbital, desig- 


electron-donor atoms or groups which can participate 
in hydrogen bonds (3). 

The electronic transition in benzene which occurs 
around 2600 A. is theoretically forbidden because of 
sixfold symmetry of the z-electron cloud, but is par- 
tially allowed because of asymmetric vibrations of the 
ring carbon skeleton which introduces asymmetries 
in the x cloud. If a proton from an acidic silanol 
group of the silicic acid interacts with the z-electron 
cloud of benzene, then the cloud will be distorted, and 
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Figure 3. Spectra of Phenol 


one might expect a stronger absorption intensity. 
Infrared evidence has been presented for interactions 
of this sort as an explanation for the association of 
phenol with molecules containing carbon-carbon double 
bonds (4). 

Graphical integration of the benzene spectrum, 
Figure 1, plotted as absorbance versus frequency 
(cm.~'), shows that the integrated absorption in- 
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vost; of tensity actually decreases on adsorption. Bayliss and 


nated z*, is known as a r — z* transition, that in 
benzene being a prime example. The n — -x* tran- 
sition involves the excitation of a nonbonding electron 
man atomic orbit to the same * antibonding molecu- 
lar orbital (2). 

The adsorption-active sites on the surface of silicic 
acid are the acidic silanol groups, Si—O—H, which are 
capable of acting as proton donors or acceptors in 
hydrogen bonds. All compounds which have been 
found to be strongly adsorbed on silicic acid contain 
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Hulme (4) investigated the spectrum of benzene in 
water and in cyclohexane and found the same small 
shift to shorter wave lengths and broadening in water 
solution as found on silicic acid. They also found that 
the integrated absorption intensity remained unchanged 
on changing the solvent from cyclohexane to water. 
This fact discourages an interpretation based on the 
interaction of an acidic proton with the electrons of 
benzene. 


| +o 


It seems more reasonable that the weak adsorption 
of benzene is caused by dispersion forces rather than 
the “directed hydrogen bond” considered above. 
These forces result from the continuously changing 
field produced by the motion of the electrons in the 
atoms. Since these forces are additive, an increase in 
the size of the adsorbate would result in an increased 
molar heat of adsorption if the adsorption were actually 
caused by forces of this kind. Beggerow and Harteck 
(6) report the molar heats of adsorption for benzene, 
toluene, ortho-xylene, para-xylene, and cyclohexane 
as 13.0, 14.4, 16.6, 16.6, and 10.2 kcal./mole respectively, 
which shows that the adsorption is indeed caused by 
dispersion forces. 

Because dispersion forces fall off as the inverse 
sixth power of the distance, it is necessary that all of 
the atoms in the adsorbate molecule be in contact with 
the surface if maximum interaction is to be obtained. 
The higher adsorbability of molecules with double 
bonds is thus thought to be the result of their planar 
structures which allow closer approach to the adsorbent 
surface, rather than the higher polarizability of the x 
electrons (7). 

All of the compounds investigated in the present 
work showed a broadening of the absorption bands on 
adsorption. For benzene the broadening is thought to 
be caused by the statistical distribution of the elec- 
tronic energies in the molecule in the field of the polar 
adsorbent (8). The slight shift to shorter wave 
lengths on adsorption is unexplained. An identical 
shift has been reported for the spectrum of benzene 
adsorbed from the vapor phase onto transparent 
silica gel (9). 

The close similarity between the spectra of fluoro- 
benzene (Figure 2) and benzene strongly suggests 
that the transition in fluorobenzene is of the same kind 
as in benzene, 7. e., r — x *. This is reasonable when 
one considers the high electronegativity of the fluorine 
atom. Because the substitution of a fluorine atom on 
the ring for a proton results in but a slight effect on the 
absorption intensity, it appears that the fluorine atom 
has very little effect on the z cloud, either by induction 
or resonance. 

Compounds containing the fluorine atom are known 
to form hydrogen bonds under a variety of conditions, 
and it is probable that the adsorption of fluorobenzene 
on silicic acid takes place through such a_ bond. 
This hydrogen bonding perturbs the nonbonding elec- 
trons on the fluorine atom. However, since the fluorine 
atom has only a very small effect on the electron system, 
the perturbation of the fluorine nonbonding electrons 
would have little or no effect on the spectrum if the 
transition is indeed + — zw *. As seen in Figure 2, 
the spectrum remains unchanged except for the 
broadening and slight shift to shorter wave lengths 
which are also observed for benzene. The great 
similarity in the shifts in the spectra of benzene and 
fluorobenzene demonstrates that the fluorobenzene 
molecule probably lies parallel to the silicic acid surface 
as benzene has been said to do (10). 
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If the transitions in the halobenzenes were n- x 
x* with a nonbonding electron on the halogen atom It is 
being excited to the same z* orbital in each case, jgjencoura, 


True 


would be reasonable to expect the wave length maxi 
of solut 


mum to increase in the order fluorobenzene, chlor 
benzene, bromobenzene, and iodobenzene, in view 
the decreasing ionization potential of the substituen 
atoms in this order. The absorption bands for thes 


compounds in iso-octane solutions are all centered 
around 2600 A., which indicates that the transitiong§ es 
are  — This agrees with the — assignment (3) 
for fluorobenzene arrived at by comparison with thé C 
benzene spectrum. (4) Me 
It is not easy to say whether phenol acts as a proto 
donor or acceptor when adsorbed onto silicic acid, fo 
silicic acid has a pK, of 10-11 (1/1) and phenol : 
pK, of 9.9. In fact, Sporer (12) has suggested tha 
the AH,as. of phenol is about 2.5 kcal./mole greate 
than that of anisole because the phenolic —OH grow 
acts as both a proton donor and acceptor on adsorption: 
The spectra of phenol and anisole in cyclohexane 
are almost identical, while on silicic acid they ar 
approximately identical at least in peak positions, 
both spectra being shifted to shorter wave lengths by 
about 3 my; the relative intensities are not known. THREE- 
Because the spectra are so similar while the extent o vag hb 
interaction at the substituent group is so different, it@“™ ' 
is concluded that the electron being excited is one fro describe 
the « cloud and not a nonbonding electron on the ware in 
oxygen atom. No conclusion can be reached as td dimensi 
how the phenol molecule is situated on the silici¢ (see the 
acid surface. (approx 
N-Methylaniline offers an example of the n — hep 
transition. On adsorption, the nonbonding electrons my ws 


on the nitrogen atom are stabilized in a hydrogen bond, 
thus lowering their energy in the electronic ground 
state. On excitation, the electron will occupy an anti- 
bonding x* molecular orbital where the electron does 
not have the benefit of hydrogen bond stabilization. 
This exclusive lowering of the ground state energy level 
results in a larger energy difference between the ground 
and excited states. The corresponding shift to shorter 
wave lengths of the N-methylaniline spectrum on 
adsorption is shown in Figure 4. This shift corres- 
ponds to a lowering of the ground state energy by 
about 5 kcal./mole, an energy of the proper magnitude 
for a hydrogen bond. 

When aniline is dissolved in aqueous hydrochloric 
acid the nonbonding electrons on the nitrogen atom 
become tightly bonded in a nitrogen-hydrogen bond 
and are thus unavailable for excitation. The spet- 
trum of the anilinium ion is essentially that of benzene 
with an enhanced absorption produced by the —N H;* 
group. Presumably a similar result can be expected 
for N-methylaniline. Even though the spectrum od 
N-methylaniline adsorbed on silicic acid is shifted 
towards that of benzene and is reduced in intensity, 
the fact that the spectrum is still far from that of 
benzene shows that salt formation on adsorption of the 
basic N-methylaniline on silicic acid does not occur. 
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THREE-DIMENSIONAL models of the oxygen and sodium 
atom have been previously described in THIs JouR- 
naL.') ? The atomic models used by the author and 
described herein for the introduction of atomic struc- 
ture in a beginning course in college chemistry are three 
dimensional but much simpler in their construction 
(see the figure). The orbits are made of steel wire 
(approximately */,-inch diameter) and are soldered to 
the frame work of the model. Each orbit of a given 
model is wrapped with a different colored plastic tape 
to make differentiation easier for the student during 
lecture demonstrations. The outermost orbit is 32 
inches in diameter. The distances between the inner 
orbits vary and were chosen arbitrarily to afford maxi- 
mum visibility. 

Cork balls, two inches in diameter, which are painted 
a bright red, serve as electrons.* These balls have 
been slotted so:that they can be readily attached to or 
removed from the metal orbits. The nucleus of the 
model atom is a clear plastic ball, four inches in diame- 
ter, that has been cut through its middle. The lower 
half is fastened to the metal frame work. The upper 
half rests snugly on the lower stationary portion and 
can be easily raised or lowered when the nuclear par- 
ticles are added. Cork balls, */, inch in diameter and 
painted black, are used to represent protons. Balls 
of the same size but painted white are used to represent 
neutrons. Since the nuclear particles are visible, the 
simultaneous build up of the nucleus with the electronic 
_ becomes a very simple but effective demonstra- 
ion. 

' Brooks, W. O., J. Cuem. Epuc., 24, 245 (1947). 

* Hau, J. A., J. Camm. Epuc., 24, 564 (1947). 

* The cork balls used in the construction of the atomic models 
were purchased from Erno Products Co., 65 N. Second Street, 
Philadelphia, Pennsylvania. 
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e ATOMIC MODELS FOR A BEGINNING COURSE IN COLLEGE CHEMISTRY 


VANCE H. DODSON 
University of Toledo, Toledo, Ohio 


Model Illustrating the Fundamental Parts of the Atom 


The models are also used to demonstrate atom to ion 
relationship, isotopic forms of a given element, electro- 
valent bond formation, and covalent bond formation. 
The latter is done using electrons (cork balls) that have 
been slotted on two sides so as to allow their attach- 
ment to orbits of more than one model at a time. The 
models can be used successfully if the student is prop- 
erly impressed with the fact that the Bohr model of the 
atom is one of the earliest to be presented and that, 
although it illustrates some of the important points of 
atomic structure, it is not entirely correct. 

The author wishes to thank Mr. George B. Tann 
for his assistance in the construction of the atomic 
models. 
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PHOTOSYNTHESIS IN CELL-FREE SYSTEMS’ 


Oxz of the major problems of biology which has 
attracted the attention of investigators from many 
scientific disciplines is the unraveling of the complex 
process known as photosynthesis. It is a problem 
which has been continually and vigorously attacked by 
chemists over a span of nearly two hundred years and, 
although their efforts have sometimes uncovered more 
problems than they have solved, the striking advances 
in the knowledge of the chemistry of photosynthesis 
which have been made in the past decade are a tribute 
to their persistence and ingenuity. Not only has the 
chemist been plagued by various technical problems, 
but the very nature of the process, in particular its 
relation to plant respiration, has introduced further 
difficulties. The latter point is illustrated by an 
equation which summarizes the processes of photo- 
synthesis and respiration in the green plant. 
carbohydrate + Os» CO, + 
photosynthesis 


In this equation respiration is pictured as a process in 
which carbohydrate is oxidized by molecular oxygen to 
produce carbon dioxide and water. Photosynthesis 
has long been recognized as a process which produces 
carbohydrate (sugars, starch) from carbon dioxide 
and water, liberating molecular oxygen. The equation 
emphasizes the fact that during photosynthesis carbon 
dioxide is reduced, and that the over-all reaction appears 
to be a reversal of respiration. 

There are two aspects of this equation which require 
further comment. The first is the use of the term 
“carbohydrate” to describe the organic product of the 
photosynthetic reaction. While it is true that photo- 
synthetic organisms must also manufacture fat, pro- 
tein, pigment, etc., there is ample evidence to support 
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the view that these materials are not primary product 
of photosynthesis but are produced from carbohydra 


by secondary reactions. For example, it has bee 0 ee 
shown that albino seedlings, devoid of chlorophy sol ’ 
and therefore incapable of photosynthesis, may } vloited 


grown to maturity in a medium containing carbohydra 
as the sole carbon source. Additional evidence for th 
carbohydrate nature of the photosynthetic product hi 
been gained by determinations of the relative volume 
of carbon dioxide and oxygen exchanged during e 
posure of green plants to light. The ratio O2 produced 
CO, consumed, i. e., the photosynthetic quotient, is 1. 
determined over a wide range of plants and under 
variety of conditions.?2 The corresponding values fi 
protein and fat would be about 1.25 and 1.4, respectively 

The second, and more troublesome, aspect of tht 
equation is indicated by the implication that phot 
synthesis is the “reverse” of respiration. The proces 
is not directly reversible in the sense that an increase il 
the relative concentrations-of carbon dioxide and wate 
is alone sufficient to cause the synthesis of carbohydraté 
in the absence of an external supply of energy. How 
ever, it has generally been assumed that respiration pro 
ceeds unabated during photosynthesis and therefor 
the conventional methods of chemical analysis fo 
possible intermediates in the process do not permi 
the clear distinction between such intermediates an 
those produced during the respiratory process. ‘Thu 
the fact that malic acid may be detected in extracts 0 
green leaves which have been undergoing active phote- 
synthesis does not permit the deduction that it is, ¢ 
necessity, an intermediate on the chemical pathway 
from carbon dioxide to carbohydrate. In point of fact 
malic acid is known to be an intermediate in the re 
spiratory process of both plants and animals and i 
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1 Based on a paper presented before a joint meeting of the 
Connecticut Valley Section of the American Chemical Society 
and the New England Association of Chemistry Teachers, St. 
Joseph College, Hartford, Connecticut, April 14, 1956. 
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2 This value demands that the product be at the oxidation leve 
of carbohydrate as represented in the equation: 


6CO, + 6H20 + 602 
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probably derived therefore from the oxidative break- 
down of carbohydrate. On the other hand, the sugar 
derivative fructose-6-phosphate has been demonstrated 
to be an intermediate not only in the respiratory proc- 
ess but also in the photosynthetic pathway. Al- 
hough an understanding of the individual reactions 
leading to carbohydrate synthesis is, in theory, ob- 
scured by the possible connection with the reactions of 
arbohydrate breakdown, it is just this connection 
which has played a dominant role in the thinking of 
biochemists and, as will be seen, has been largely re- 
sponsible for the rapid advances in understanding which 
have been made in recent years. 

Mention has been made of technical problems which 


it have had to be overcome before definite progress to- 
ward an understanding of the detailed reactions in- 
volved in photosynthesis could be achieved. One of 
moda the most serious from the point of view of the bio- 


chemist has been the inability to duplicate the process 
in plant extracts or preparations free from intact living 
cells. Such a demonstration is necessary before the 
techniques of modern biochemistry can be fully ex- 
ploited to separate and to study the individual re- 
actions involved. About twenty years ago, however, 
the first promising lead in this direction was reported 
by Hill (1) who was able to show that at least a part of 
the over-all reaction—namely, oxygen evolution, could 
be achieved by illuminating an aqueous suspension of 
chloroplasts. 


CHLOROPLASTS AND THE HILL REACTION 


The chloroplasts are clearly defined structures of 
various sizes (diameter 3-10 microns) dispersed within 
the cytoplasm of plant cells. Some are ellipsoidal, 
some lens- or cup-shaped, and the number per cell 
varies from one to several hundred. The chloroplasts 
in turn appear to be made up of a number of thin discs, 
called grana, in which the chlorophyll is localized. A 
suspension of chloroplasts may be prepared by grinding 
leaf material with sand, or homogenizing in a Waring 
blendor, in a sucrose solution, filtering out the cell 
debris, and centrifuging down the chloroplast pellet. 
When the pellet is resuspended in water and illuminated, 
a weak evolution of oxygen gas may be detected. Hill 
and Scarisbrick (2) showed that the oxygen evolution 
could be greatly enhanced when an oxidant such as 
ferric ion was also present in the medium. Under 
these conditions the reaction proceeds in accordance 
with the following stoichiometry: 


2H,0 + 4Fe+? 4Fe++ + 4H*+ + 
The fact that oxygen gas arises from the decomposition 
of water in such systems, and not from a component of 


the chloroplast, was shown by the H,0" experiments 
of Holt and French (8). Although other oxidants 
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(benzoquinone, 2,6-dichlorophenol indophenol) may 
be used in the Hill reaction, carbon dioxide is not among 
them. The reaction does, however, show two of the 
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characteristics of photosynthesis: dependence on light 
and oxygen production. Further it suggests that the 
over-all reaction may be experimentally divided into 
two processes, one of which is light-dependent. The 
light-dependent process produces molecular oxygen 
and, at the same time, furnishes electrons which can 
be used for chemical reductions. 

The second process, now known not to be directly 
dependent on light, consists of a series of reactions, 
catalyzed by specific enzymes, and responsible for the 
absorption and reduction of carbon dioxide. Much 
of the evidence for the nature of this process has been 
provided by the elegant experiments of Calvin and his 
collaborators at the University of California (4, 4). 


THE FIXATION AND REDUCTION OF CARBON 
DIOXIDE 


Calvin’s experiments have dealt mostly with photo- 
synthesis as carried out in unicellular algae. For 
present purposes they may be summarized as follows: 
Algal suspensions are illuminated in the presence of 
carbon dioxide containing radioactive carbon-14. 
After exposure for varying lengths of time the algae are 
quickly killed by immersion in hot alcohol and the 
alcohol extracts are analyzed qualitatively by the use 
of paper chromatography. Since all compounds which 
lie on the chemical pathway from carbon dioxide to 
carbohydrate will become labeled with isotopic carbon, 
the detection of such compounds may be carried out 
by placing a piece of X-ray film on the paper. When 
the film is subsequently developed, the compounds 


‘which have derived their carbon from the carbon dioxide 


may be identified by their positions on the radioauto- 
gram. 

From such experiments at least two important types 
of information may be obtained. If the chemical 
pathway is represented by a scheme, where A, B, C, 
etc., represent intermediate products, 


CO,» B+ + carbohydrate 


then, not only will the chromatographic technique 
enable these intermediates to be identified but, as the 
time of exposure to the radioactive carbon dioxide is 
progressively shortened, the number of intermediates 
which are labeled will be correspondingly lessened and 
the order in which they appear can be deduced. Ulti- 
mately conditions can be established such that the 
initial product of carbon dioxide fixation (Compound 
A) can be identified. These labeling experiments have 
demonstrated that many of the compounds which are 
formed during photosynthesis lie also on the respiratory 
or oxidative pathway of carbohydrate metabolism. 
This pathway has been thoroughly studied in the past, 
and the knowledge of the intermediate steps is perhaps 
the most extensive of all biochemical processes. Some 
of the key compounds in carbohydrate metabolism 
which were detected on the radioautograms are given in 
the following abbreviated reaction sequence, arranged 
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CHO CH20PO;H: 

(CsHwOs). = HOOH =O 
HOCH 
HOOH 
HCOH HOOH 
H.COPO;H: 

Starch Glucose- Fructose- 
6-phosphate 1,6-diphosphate 


in the order in which they are known to occur during 
the oxidative breakdown of carbohydrate. 

Although the oxidative process goes beyond the 
phosphoglyceric acid stage—ultimately to carbon 
dioxide and water—we need not consider the remaining 
compounds, since 3-phosphoglyceric acid turns out to 


be Compound A, the first detectable product of car- 


bon dioxide fixation. As the equation indicates, these 
reactions are all known to be reversible, and so it be- 
comes possible to account for the conversion of phos- 
phoglyceric acid to starch. 

In order to carry out the conversion of phospho- 
glyceric acid to starch by the mechanism postulated, 
two important substances are required, in addition to 
the enzyme proteins. These are adenosine triphosphate 
(ATP) and _ reduced diphosphopyridine nucleotide 
(DPNH). The requirement for these additional factors 
has been established by reason of our understanding of 
the reactions of carbohydrate breakdown. The last 
reaction in the above scheme, in order to proceed as 
written, requires the related compounds adenosine 
diphosphate (ADP) and owidized diphosphopyridine 
nucleotide (DPN+). The reaction may therefore be 
more clearly represented as follows: 


3-phosphoglyceraldehyde + ADP + + 
== 3-phosphoglyceric acid + ATP + DPNH + Ht 


This is an oxidation-reduction reaction, the aldehyde 
being oxidized to the acid by DPN. It is clear ATP 
and DPNH are required to “drive” the reaction to the 
left. If the hypothesis is correct, the provision of an 
adequate supply of these two factors to a cell-free 
extract of plant material, which contains the requisite 
enzymes, should be sufficient to demonstrate the pro- 
duction of carbohydrate from carbon dioxide; pro- 
viding the incorporation of CO, into phosphoglyceric 
acid is also an enzymatic reaction. 

Although Calvin’s early experiments with intact 
cells had provided evidence that carbon dioxide could 
be incorporated into phosphoglyceric acid by a “dark’”’ 
reaction, the first demonstration of this incorporation in 
cell-free extracts was reported by Fager in 1952 (6). 
In 1955 Racker (7) achieved total fixation and reduc- 
tion of carbon dioxide to carbohydrate in a cell-free 
enzyme system fortified with ATP and DPNH. Thus 
the postulated mechanism is supported by experimental 
evidence. The over-all process of photosynthesis 
may be divided experimentally as well as conceptually 
into a series of enzymatic (“‘dark’’) reactions, involving 
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CHO COOH 
= HOOH = HCOOH 
H,COPO,H, 
3-Phospho- 3-Phosphoglyceric 
glyceraldehyde — 


the incorporation and reduction of carbon dioxide. 
and in light-dependent process producing electrons 
(reducing power) and molecular oxygen. 

Several important questions remain to be answered. 
There is, for example, the question of the mechanism by 
which the plant maintains adequate supplies of ATP 
and DPNH. Until quite recently the only know 
biochemical reactions which could lead to the formation 
of these substances were those which involved the oxi- 
dation of tissue substances, carbohydrate, fat, protein, 
etc. These reactions do not furnish a realistic answer 
to the problem since they inevitably result in a decrease 
in organic matter rather than an increase, and, in 
addition, they usually consume molecular oxygen, 
not liberate it. Attention has therefore been directed 
to the possibility that supplies of ATP and DPNH 
are maintained by the light-dependent process. 


THE PHOTOCHEMICAL PRODUCTION OF DPNH 
AND ATP 


In the earlier discussion of the Hill reaction it was 
pointed out that the reaction will proceed, with the 
liberation of molecular oxygen, only when an oxidant is 
present. If the chloroplast system could be shown to 
use DPN* as an oxidant, then one of the requirements 
would be met. This problem was investigated by 
Vishniac and Ochoa (8), and in 1952 they demon- 
strated that the chloroplast system does, in fact, reduce 
DPN* in the light. The reaction may be formulated 
as follows: 


+ 2DPN* chloroplasts 


2DPNH + 2H* + O; 


light 


Although the mechanism of the reduction is not com- 
pletely understood, the evidence for the over-all re 
action is conclusive. ® 

The formation of adenosine triphosphate by chloro- 
plast suspensions in a light-dependent process was 
discovered by Arnon and collaborators in 1954 (9). 
Not only did the cell-free system form ATP from ADP 
and orthophosphate, but the process was shown to be 
anaerobic. In fact the reaction proceeds more effi- 
ciently in the absence of oxygen than in its presence. 
Nor is oxygen given off during ATP synthesis and, 


8 The ability of suspensions of “grana’”’ to accumulate DPNH 
as well as the related TPNH (triphosphopyridine nucleotide) has 
recently been clearly shown by A. SAN Pierro anp H. M. Lane 
(Science 124, 118 (1956)). 
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herefore, the Hill reaction is not involved. Arnon 
has suggested the following reactions to describe this 
process (10): 
chloroplasts 
——> 2(H) + (0) 
light 


ADP + Pinore + 2(H) + (O) ~ H2O + ATP 


20 


The oxygen and hydrogen symbols in brackets rep- 
eselit_ as yet unidentified products of the photodecom- 
position of water, not molecular oxygen and hydrogen.) 
According to this scheme the water molecule is de- 
composed by the light energy to give an oxidizing com- 
ponent (O), and a reducing component (H). The 
energy of the recombination of these components to 
form water is linked to the synthesis of ATP. These 
recent experiments with the cell-free chlorplast systems 
make it clear that two processes, essential for the re- 
duction of carbon dioxide to carbohydrate, can occur 
only at the expense of light energy. 

Since the fixation of carbon dioxide into phospho- 
glyceric acid is a “dark” reaction and since, given ATP 
and DPNH, the acid may be reduced to carbohydrate 
by dark reactions, a somewhat clearer picture emerges. 
The energy of the sunlight, in the presence of the 
chloroplasts, “‘splits” the water into a reducing com- 
ponent (H) and an oxidizing component (O). The 
reducing component may then undergo two types of 
reactions. Either it feeds into a system which ulti- 
mately forms DPNH (Hill reaction), or into a system 
in which it is reoxidized with the concomitant forma- 
tin of ATP. The oxidizing component also has 
alternate pathways. Either it finally appears as mole- 
cular oxygen (Hill reaction) or reacts with the re- 
ducing component in ATP synthesis. During photo- 
synthesis both pathways are operative. 


THE CARBON DIOXIDE ACCEPTOR SYSTEM 


A great deal of information relative to the reactions 
involved in the formation of phosphoglyceric acid 
from carbon dioxide has been obtained from labeling 
experiments and has recently been discussed by Benson 
(11). For example, it has been possible to isolate 
quantities of phosphoglyceric acid large enough to 
permit the determination of the specific activities of 
the individual carbon atoms. Where the exposure to 
the radioactive carbon dioxide has been of relatively 
short duration (4 seconds), 90% of the isotope appears 
in the carboxyl carbon (5). The reaction is therefore a 
carboxylation, with the plant supplying an acceptor 
molecule to react with the CO.. The acceptor mole- 
cule thereby furnishes two of the three (a and £) 
carbon atoms of the acid as shown below. 


“Acceptor” + C*O, HC*OH 
*OOH 


Evidence bearing on the nature of the acceptor mole- 
cule has been discussed by Benson (//) and the sug- 


gestion that the five-carbon sugar derivative, ribulose 
1,5-diphosphate, is responsible for furnishing the a and 
8 carbon atoms has been confirmed by the recent iso- 
lation and purification of the carboxylation enzyme 


(12, 13). The reaction as now understood is depicted 
by the following equation: 

H.COPO;H:2 H,COPO;H: 

HOCH 
HCOH + C*O, — 
+ 

CoH 

H.COPO;H: 

Ribulose-1,5- 

diphosphate H,COPO,H: 


With somewhat longer exposure times (15 seconds) 
the concentration of isotope in the a and 6 carbon 
atoms of phosphoglyceric acid rises to 50% which 
means that the ribulose 1,5-diphosphate is continually 
being regenerated during photosynthesis. The phos- 
phoglyceric acid formed by the carboxylation reaction 
must therefore be utilized not only in the synthesis of 
the six-carbon units of starch, but also in the formation 
of the five-carbon acceptor molecule. The latter proc- 
ess has been shown to involve the participation of 
four- and seven-carbon sugars, and reaction schemes 
leading to the regeneration of the acceptor have been 
proposed by Benson (//) and Racker (7). 


PHOTOSYNTHESIS IN CHLOROPLAST SYSTEMS 


We have seen that investigations using cell-free 
systems have permitted a rather extensive analysis of 
many of the reactions which make up the photosyn- 
thetic process. The chloroplast unit has been shown 
to be necessary for several of these. The final question 


LIGHT 


1/,0, < {O} <— 5 ->——_——> {0} > H,O 


Reactions of Chloroplast Photosynthesis 


Left: The Hill reaction leading to the production of oxygen gas and 
DPNH. Right: The photolysis of water linked to the synthesis of ATP. 
Center: The reduction of carbon dioxide to carbohydrate, a process de- 
pendent on DPNH and ATP (/0). 
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to be considered here is whether the chloroplast can 
carry out the entire process. This question has been 


answered in the affirmative by the recent work of 


Arnon (10) who has demonstrated the conversion of 
carbon dioxide to starch, accompanied by the evolution 
of stoichiometric amounts of oxygen, in a cell-free 
chloroplast system. By the use of specific chemical 
inhibitors the over-all process has been separated into 
three main phases: the photolysis of water producing 
molecular oxygen (Hill reaction), photolysis producing 
ATP but not molecular oxygen, and carbon dioxide 
reduction. These are depicted in the accompanying 
figure. Although it is still perhaps premature to 
accept this in vitro photosynthesis as identical in all 
respects with the in vivo process, this major technical 
achievement has furnished the chemist with a repro- 
ducible system which could yield the final answer to 
one of nature’s most fascinating secrets. 


To the Editor: 

Would there be objections from Lewis Pokras and 
the reviewers of his paper, “On the species present in 
aqueous solutions of ‘salts’ of polyvalent metals” 
(rHIs JoURNAL, 33, 152 (1950)), to using the term 
“cationic compound” or “ionic compound” to desig- 
nate salt-like species such as [M (H,0),4]+” ? 

Anpbrét L. JuLiarp 


Hovupry Process CorPoRATION 
Marcus Hook, PENNSYLVANIA 


To the Editor: 


The suggestion of Mr. Juliard that such species as 
[M(H20)4]*” be designated as “cationic compounds” 
leaves me somewhat disturbed regarding the mis- 
conceptions to which the term may lead. I should 
very much regret the adoption of any nomenclature 
that applied the term “compound” to a chemical 
entity bearing a net electrical charge. It is my feeling 
that the classical usage, which reserves the term “‘com- 
pound” to electrically neutral species, and employs 
the term “ion’’ (and its various derivatives) for charged 
species should be retained. 

To the extent that any generic name for such species 
is required, workers in the field appear to employ the 
term “aquo-ions.” This term has the advantage of 
being related to the names of specific examples in the 
Stock and IUC schemes of nomenclature, as for 
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example: hexaquochromium III for the [Cr(H,0).]* 
ion. 


Lewis Pokras 
Potyrecunic INstiTuTE oF BROOKLYN 
Brookiyn, New York 


To the Editor: 


The majority of the textbooks of high-school chemis- 
try presently in use in Japan present Faraday’s law 
in a two-law form. I wonder if that is the case in 
foreign countries? 

Provided that the definition of equivalent weight and 
that of quantity of electricity have been presented 
elsewhere, the two laws can well be summarized as 
one: ‘When the quantity of 96,500 coulombs is passed 
through an electrolyte, one gram-equivalent of sub- 
stance is either deposited or dissolved at each 
electrode.” 

This is a necessary and sufficient statement of what 
the laws involve. The main reason for the prevalence 
of two-law form may be mere convention. Yet this 
form obviously is confusing, not only to high-school 
students, but also to those in the general education 
course of the university. The presentation of any 
law should be as concise as possible. 

In connection with the above-mentioned fact, I 
propose to call the law ‘‘Faraday’s law of electro- 
chemica! equivalence” rather than ‘“Faraday’s law 
of electrolysis.” The former title sounds to me more 
comprehensive than the latter, because the law deals 
only with the relation between the quantity of elec- 
tricity and that of each electrode product. It is from 
this law that the concept of electrochemical equivalence 
originated. 


R. MartsuDA 


TokusHIMA UNIVERSITY 
TOKUSHIMA, JAPAN 
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ESSENTIALS OF QUANTITATIVE 
ANALYSIS 


A. A. Benedetti-Pichler, Professor of 
Chemistry, Queens College. The Ronald 
Press Co., New York, 1956. xiv + 666 
pp. Figs. and tables. 16.5 < 23.5 cm. 
$15. 


osphorus 
8), Johns 


1, J. Am, 


wITz, J. 

Tus volume offers an approach which 
differs markedly from the worn-out tra- 
ditional pattern of many textbooks on the 
subject. Those who have read some of 
the author’s papers reporting results of his 
own precise, exacting research will not be 
surprised to find that the book ‘‘puts such 


J. Biol. 


heavy emphasis on unit operations and 
manipulative techniques.’’ It has been 
his goal to design the book both as a text 

KRAS for students and as a reference work for 
practicing analysts. 

An introductory section is followed by 
about 200 pages devoted to measuring and 
measuring instruments dealing with count- 
ing, length, mass, volume, temperature, 
pressure, spectrophotometry, coulometry, 

hemis- § and titrimetry. Next is a 50-page treat- 
’s law — ment of preliminary tasks such as the use 
ase in and care of apparatus and reagents, mix- 
ing, crushing, etc. Analytical operations, 

140 pages, deals with a thorough discus- 

nt and § sion of sampling and methods for the 
ented § separation of phases. The final part com- 
ed as & Prises 150 pages of a course of study with 
rascal complete directions for 85 experiments il- 
q lustrating weighing, calibration, gravi- 
sub- metric determinations, spectrophotometry, 
each § and titrations involving acids and bases, 
silver nitrate, complex-formation, per- 

what § ™&nganate, other oxidants, iodine and 
thiosulfate, and nonaqueous solvents. 
The appendix contains a variety of in- 

t this § formation including a bibliography of 
chool § analytical literature, suggestions for the 
ation | ministration of a course based on the 
any book, and an unusual collection of tables. 

There would seem to be little criticism 
to offer in connection with the use of the 

ct, If book asa reference. The indexing is good, 
ctro- § the figures are very clear, and a great 
law § Wealth of useful information on methods 
more § 22¢ techniques is available. 
deals On the other hand, the author’s state- 
eleo- § ent that the book is adaptable to almost 
7 any level of instruction must be taken 
from J with some qualification. Certainly there 
lence § should be no difficulty at levels above the 
introductory course, but yet it is this 
course for which the experiments seem to 
DA be designed. The teacher who uses the 
book on the elementary level must be pre- 


pared to redesign his course rather thor- 


oughly, for much more supplementing of 
the text will be needed than was the case 


for the traditional text. Of course, this 
could have a very beneficial effect on many 
quant courses. The book is rather short 
on explanations of theory, and the rather 
generalized treatment probably would not 
be clear to the beginning student. There- 
fore the instructor might wish to assign 
supplementary reading in other books and 
would have to perfect his lecturing tech- 
nique to a greater degree than before. 

It is hoped that teachers will not exclude 
the book from consideration merely on the 
basis of price, which after all is a small 
portion of the cost of a good education. 
Such a decision would be shortsighted and 
unfair to a book written by a master tech- 
nician. 


RICHARD W. RAMETTE 


CARLETON COLLEGE 
NorTHFIeLp, MINNESOTA 


PHYSICAL CHEMISTRY 


N. K. Adam, Professor of Chemistry, The 
University of Southampton. Oxford Uni- 
versity Press, New York, 1956. xii + 658 
pp. 217 figs. 65 tables. 16 X 24.5 cm. 
$8. 


Tus text is designed for the use of 
undergraduate students. The figures are 
well done and there are a number of excel- 
lent photographic plates. There is con- 
siderably more emphasis placed on the 
historical development of certain areas 
than is customarily given in most Ameri- 
can physical chemistry texts. 

This text is especially strong in a couple 
of fields. Chapters I, II, V, VI, and XIV 
(approximately one-fourth of the book) are 
devoted to nuclear chemistry, atomic 
structure, atomic and molecular spectra, 
and quantum theory. In spite of this there 
is virtually no mention made of chemical 
binding. Chapters VIII (Liquids), XVII, 
and XVIII (approximately one-fifth of 
the book) are devoted to surface chemistry 
and colloids, strongly reminiscent of the 
author’s classic, ‘The Physics and Chem- 
istry of Surfaces.’’ With all this emphasis 
on surfaces, however, it does not appear 
that justice has been done to adsorption of 
gases at solid surfaces or to the kinetics of 
heterogeneous reactions. Chapter XII 
treats the subject of electrochemistry 
fairly extensively (86 pp.); readers will 
not find (and it is natural that this should 
be so) American sign conventions used for 


standard oxidation potentials. Chapters 
XIII, XV, and XVI (71 pp.) discuss the 
kinetics of homogeneous reactions, photo- 
chemistry, and chain reactions in a good 
classical manner, but it is significant that 
there is very little reference to work done 
since 1940 in these fields. The great re- 
search efforts of recent years in reaction 
mechanisms, “‘fast’’ reactions, flash pho- 
tolysis, the photographic process, photo- 
synthesis, etc. have largely been over- 
looked. This is probably best illustrated 
by the author’s statement, ‘‘Little is cer- 
tainly known as to the chemical steps by 
which carbohydrates are built up’’ in pho- 
tosynthesis. The chapter on Solids is 
more detailed and helpful along crystallo- 
graphic lines than almost any American 
physical chemistry text, but such topics 
as semiconductors and energy levels in 
crystals are not discussed at all. The 30- 
page chapter on heterogeneous equilibrium 
(the phase rule) is largely devoted to dis- 
cussion and graphical representation of 
two-component and three-component sys- 
tems; there are three pages devoted to 
fractional distillation and related material. 
Chapters IIT and IV concern the nature of 
gases and the kinetic theory of gases and 
include a derivation of Maxwell’s law of 
distribution of molecular velocities. 

The subject which has been given least 
emphasis in this text is thermodynamics. 
The three laws of thermodynamics, 
Raoult’s and Henry’s laws, colligative 
properties, chemical potentials and other 
partial molar quantities, ‘“thermochemis- 
try,’’ entropy, the equilibrium constant 
and its dependence on temperature, .etc., 
the Gibbs-Duhem relation, and other re- 
lated topics are all discussed in a total of 
50 pages. With respect to symbolism it 
should be noted that ‘‘Z’’ is used for in- 
ternal energy and ‘‘G’’ (instead of “‘F’’) for 
the Gibbs free energy. The chapter on 
chemical thermodynamics is supplemented 
by a 24-page chapter on the statistical as- 
pects of thermodynamics. 

Most teachers of physical chemistry 
who might consider adopting this text for 
class use would be interested to know that 
it has no problems. Those teachers who do 
adopt it and who have not built up a store 
of reliable and thought-provoking prob- 
lems will probably have to rely on such 
auxiliary sources as Wolfenden, ‘“‘Numeri- 
cal Problems in Advanced Physical Chem- 
istry,’’ or Sillén, Lange, and Gabrielson, 
“Problems in Physical Chemistry.’’ 

R. NELSON SMITH 
Pomona 
CLAREMONT, CALIFORNIA 
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A TEXT-BOOK OF PRACTICAL 
ORGANIC CHEMISTRY INCLUDING 
QUALITATIVE ORGANIC ANALYSIS 


A. I. Vogel, Head of Chemistry De- 
partment, Woolwich Polytechnic. Third 
edition. Longmans, Green and Co., New 
York, 1956. xxvii + 1188 pp. Figs. and 
tables. 16.5 x 25.5cm. $14. 


“(Tuis] textbook is intended to meet 
the requirements of the student of [or- 
ganic] chemistry throughout the whole of 
his training,’’ says its preface. In a sense, 
it achieves its ambitious purpose. It is 
designed for the British student who gets 
all of his training in organic chemistry at 
one institution, and it is true that he could 
successfully proceed through elementary 
preparations, organic qualitative analysis, 
and a series of advanced preparations with- 
out ever having to consult any other source 
of laboratory directions. He would, how- 
ever, lack a certain maturity and breadth 
of outlook that the American student 
gains from having to dig information out-of 
the chemical library in the later stages of 
his training. 

This enormous tome comprises in es- 
sence the following parts: a substantial 
section (228 pp.) on techniques of labora- 
tory operations and the theory behind 
them, a very long section (599 pp.) of 
fundamental preparations, both aliphatic 
and aromatic, a section (176 pp.) of ad- 
vanced preparations (including hetero- 
cyclic compounds, drugs, dyestuffs, indica- 
tors, organic reagents, and examples of 
several valuable modern synthetic meth- 
ods), a short section (11 pp.) on synthetic 
polymers, a section (74 pp.) on organic 
qualitative analysis, a short section (13 
pp.) on semimicro techniques, and ap- 
pendices on use of the chemical literature 
and on ultraviolet and infrared spectra. 
The selection of material is not perfect, 
but the book is a mine of useful information 
for laboratory organic chemists at all 
levels. 

A serious fault is the author’s failure to 
pare out parenthetical and repetitious 
words, phrases, sentences, and passages 
during the editing process. For example, 
concerning sulfur dioxide commercially 
available in cylinders, it is stated: ‘“The gas 
is obtained by simply turning the metal 
valve.’ The straightforward diazotiza- 
tion of p-toluidine is described in full four 
times within 13 pages. It is nice to have 
drawings of common beakers, flasks, and 
funnels, but the considerable space they 
consume cannot be justified. If such non- 
essentials were omitted, there would be 
space for more literature references; as it 
now stands, the book is disappointing in 
this respect. 

Because of its massiveness and cost, and 
because it offers so much more than is re- 
quired for any American college course, 
this book is not apt to be adopted often for 
use as a text in America. It is a valuable 
reference volume for students and teach- 
ers, and should not be absent from any 
college chemistry library. The present 
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edition represents considerable modifica- 
tion from the previous edition and its 
acquisition is warranted even though the 
second edition is available. 

If this reviewer had an undergraduate 
class all the students in which were point- 
ing towards a career in chemistry, he might 
be inclined to adopt this book as a labora- 
tory manual. It would serve well in the 
elementary course, and the students would 
then have in their hands a book that would 
be a useful supplementary source through 
graduate work and on into professional 
life. 

J. F. BUNNETT 

University oF NortTH CAROLINA 

Nortu CaRo.ina 


MICROWAVE SPECTROSCOPY 


C. H. Townes, Professor of Physics, 
Columbia University, and A. L. Schaw- 
low, Bell Telephone Laboratories. Mc- 
Graw-Hill Book Co., Inc., New York, 
1955. xviii + 698 pp. Figs. and tables. 
16 X 23.5 cm. $12.50. 


Tuts book is certainly a welcome addi- 
tion to the literature of a rapidly expanding 
field which up to now has been largely 
dominated by physicists but potentially 
has rich possibilities for chemists. 

The authors claim to have used simple 
mathematics in their discussions. In 
spite of this the average chemist would 
have considerable’ difficulty wading 
through the mathematical discussions pre- 
sented. These, however, are for a com- 
plete understanding of the theory in- 
volved. For the sake of the person who 
wishes to read just one section of the book 
for reference the authors have repeated 
certain vital parts which had been pre- 
sented earlier in the book. In addition a 
table of notations is in the front of the 
book. The reviewer particularly appre- 
ciated these features. 


The first 13 chapters deal with the . 


theory of the spectroscopy. The authors 
discuss the spectra of polyatomic linear 
symmetric top and assymetric top mole- 
cules as well as atomic spectra. Hyper- 
fine structure, Zeeman effect, Stark effect, 
and hindered rotation are also studied. 
An interesting chapter is devoted to the 
ammonia spectroscopy and hindered rota- 
tion. 

The reviewer felt that the chapter on 
interpretation of hyperfine coupling con- 
stants in terms of molecular structure and 
nuclear moments might be of special 
interest to chemists interested in chemical 
bonding. The thirteenth chapter which 
deals with line widths and shapes might 
be applicable to work involving the use 
of microwave spectroscopy as a qualita- 
tive analytical tool. 

The next four chapters deal with cir- 
cuiting techniques and equipment used 
in this field. This section is quite well 


done. Obviously, many details involving 
technique had to be omitted. 

The final chapter is devoted to the us 
of microwave spectroscopies for chemical 
analysis. The reviewer was disappointed 
in that the authors did not see fit to dis 
cuss some of the other possible and pro. 
visional developments’ in the chemical 
field. 

The book is limited to gas spectros 
copy; consequently the field of solid 
state is not treated. 

The appendix contains 150 pages of tables 
which will be very useful to one making 
calculations in the field. 

The bibliography is carried through 
1954. It is listed by author for each 
year. 

Anyone contemplating work in this 
microwave field would do well to have 4 
copy of this book available for reference, 


FRED W. JENSEN 
AGRICULTURAL AND MECHANICAL COLLEGE 
or Texas 
Station, Texas 


REDUCTION WITH COMPLEX METAL 
HYDRIDES 


Norman G. Gaylord, Interchemical Cor- 
poration. Interscience Publishers, Inc., 
New York, 1956. xvi + 1046 pp. 3 
figs. 98 tables. 16.5 23.5cm. $15. 


Tus monograph summarizes the litera- 
ture on this very timely topic in a very 
effective and useful manner. The cover- 
age of the literature on lithium aluminum 
hydride, aluminum hydride, magnesium 
aluminum hydride, zinc aluminum hy- 
dride, lithium gallium hydride, sodium bo- 
rohydride, potassium borohydride, |lith- 
ium borohydride, and sodium trimethoxy- 
borohydride, as well as those aluminohy- 
drides and borohydrides whose prepara- 
tions have been reported but whose reac- 
tions have not yet been investigated, is 
purported to be complete to January, 
1953. In addition numerous data from 
private communications, unpublished at 
the time the manuscript was prepared, are 
included. The chapter titles are as fol- 
lows: Introduction; Preparation and 
Properties of Complex Metal Hydrides; 
Reactions with Inorganic Reactants; Ke- 
actions with Organic Derivatives of [n- 
organic Reactants; Complex Metal Hy- 
drides as Analytical Reagents; Reduc- 
tion of Organic Compounds with Com- 
plex Metal Hydrides—General, I. Car- 
bonyl Derivatives, II. Carboxylic Acid 
Derivatives (Acids, Anhydrides, Acyl 
Halides), III. Carboxylic Acid Deriva- 
tives (Esters, Lactones, Enol Esters), 
IV. Carboxylic Acid Derivatives (Am- 
ides, Lactams, Imides, Carbonates), V. 
Compounds Containing Ether Linkages; 
Reduction of Nitrogen-containing Organic 
Compounds; Reduction of Sulfur-con- 
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> Here’s the positive answer against 
leaking around edges of bottles and con- 
tainers containing corrosive liquids and 
liquids that emit gases: polyethylene 


NVOlving 
safety closures that have been rigidly 
» the use tested. Contact Denver Plastics, Inc., 
chemical 15200 W. Colfax, Golden, Colorado. 
ppointed 
t to dis > A new, portable moisture determinator 
und pro- for use in field stations, laboratories, or 
chemical quality control points, is announced by 
Central Scientific Co., 1700 Irving Park 
pectros. Rd., Chicago, Illinois. 
of solid When writing for additional information about new Called the Cenco Karl Fischer Moisture 
products or for new literature, your inquiry will receive Determinator, it is completely  self- 
of tables prompt attention if you write on your firm or Institu- contained, weighs only 22 pounds, and 
makin tion letterhead and mention the Journal of Chemical can analyze liquid, solid, and gaseous 
a! Education and the date of the particular issue. samples without removing the basic ap- 
Pamphlets, booklets and similar literature are gratis tun trom th 
unless otherwise specified. 
7 > Haveg Industries, Inc., 900 Greenbank 
in this {NEW APPARATUS AND forces of 50,000 times gravity on 160 Rd., Wilmington 8, Delaware, announces 
have , @QUIPMENT ml. of material. Information is available production of ‘Teflon” pipe and tubing 
ence, from Spinco Division, Beckman Instru- #24 ‘Tefion” lined steel pipe. Pipe is 


An Expander for connecting rubber 


ments, Inc., 670 O’Neill Ave., Belmont, 


being made in sizes up to 4” diameter; 


NSEN [Mubing to glass tubing safely, quickly, 
Couteor Jand without use of a lubricant is offered California. (Continued on page A601) 
by Arthur H. Thomas Co., Philadelphia, 
Pennsylvania. 
Rubber tubing can be stretched readily 
at the open end for easy. access of a 
ylindrical object. The stretch is effected 
by three parallel tines, the tips of which 
ETAL fare simultaneously diverged by a system 
of levers upon compressing the handles. 
his device has been approved by the 
al Cor. Bs. ety Committee of one of the country’s ' 
Inc. Biargest in‘ustrial laboratories. 
Pp. 38 For use with rubber tubing from */,- 
$15. Finch to 5/,-inch bore. Not intended for 
litera. §'S¢ With pressure or vacuum tubing with 
a very thick, rigid wall, or tubings less elastic 
cover than rubber. Over-all length of 12 
ninum @aches permits connection of tubing 
1esium assemblies at ordinarily inaccessible : 
hy- junctions. For complete information, 
um bo- | “tite for Bulletin 8863, Arthur H. Thomas 
Jith. FO, P. O. Box 779, Philadelphia 5, 
thoxy- fy Pennsylvania. .-. because Tygon formulation R-3603 is the 
inohy- pa : original plastic tubing specifically developed to 
ppare- > Aluminized garments now being manu- serve virtually every tubing need in the 
— factured include fire-fighting coats for laboratory. Chemically inert, physically tough 
a i firemen; long-coats, aprons, spats, and it is used for every liquid, gas and air 
wuary, gloves for steel workers; coats, suits, transmission task normally encountered. Its 
from gloves, and helmets for stand-by fire- “window-pane” transparency permits more 
od a fighting equipment in industrial plants; accurate flow control, better process control. 
a ak quilted suits with aluminum-coated fabric Easy to connect, easy to handle, it retains 
s fol |°xteriors for use in industrial ovens and clarity and flexibility through long, hard usage. 
adil furnaces; suits for emergency personnel 
rides; age oil fields, and other locations OICE 
: where emergency action can save time, eee 
money, and lives; and other garments THE POPULAR CH 
designed for specific “hot jobs” in specific pans 
te! industries. Information is available from .+. because millions of feet of Tygon 
alt the Minnesota Mining & Manufacturing Laboratory Tubing and years of experience 
Car Co., St. Paul 6, Minnesota. have proven it to be the favorite among 
Acid laboratories all over the world. There is 
Acyl JP Free literature including technical de- only one Tygon, every foot is branded for 
rivae | “ils about the new Duplex Movement . your protection. Be sure to specify — be sure 
ters), jimer that keeps running when power to get the genuine TYGON Flexible Plastic 
(Am fails or circuits short out may be obtained TUBING. 
, V. by writing to Industrial Timer Instru- 
-con- 
ing high-s laboratory separations as 3 
routine the at U. Ss. STONEWA RE 
new Spinco Model K Centrifuge provides 
& maximum speed of 25,000 rpm with AKRON 2.2? 
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GILMONT 


how it works 

The reset knob at the left of the number 
wheels, permits setting of the counter to 
zero before titrating. To reset, first pull out 
the knob so that the counter wheels turn 
without transmitting the motion to the 
plunger. Because of the gear train, it’s not 
possible to also set the counter at an exact 
position. Therefore, reset the knob within 
three divisions below the zero and expel the 
small amount of titrant to set at exactly 
zero. Normally, this small deviation may be 
neglected but for the most accurate work 
it can be accounted for. 
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Dial gauges on all styles and models of the Gilmont Ultra- 
Microburets and Pipets have been replaced with a mechanical Range 
counting device at nominal increase in cost. This new device |The sing 
developed by Manostat Corporation, is not only much more J reference 
convenient to use but will permit much greater precision of been esp 
measurement. the new 
The three number wheels and graduations give a total of J ment als 
5,000 divisions which permit easy reading to 1 part of 10,000. § *tandardi 
Thus, for the one ml. total capacity buret, each division cor- {tm sin 
responds to 0.0002 ml. The other capacities are in the same ff ‘hose use 


ratio For fu 
“ 
15401 — Gilmont Micro Pipet-Buret 15402 — Gilmont Uultra-Microburet Pocket 
Capacity O.1ML 72.75 available in 0.01ML 94.25 strument 
1.0ML 72.00 0.1 ML 


94.25 
10.0ML 107.00 LO ML 94.25 & ments, Ir 

combination 0.1 ML and 1.0ML 82.75 
PI h deri > Burrel 
ease specijy size when or ering availabili 


Accuracy: within 0.1% of capacity. Constructed of corrosion resist: ad wale 
o ant materials. Delivered with instructions, ready for use. 


* 20-26 N. MOORE STREET + DEPT. 222 - NEW YORK 13, N. Y. 
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hed pipe in 2” sizes. It is also available 
rods and special machine parts. 


A new vapor phase chromatograph, 
ecifically developed for use in research 
hd analytical laboratories, has been an- 
punced by Consolidated Electrodynamics 
orp. (CEC), Pasadena, California. Util- 
ing the elution method, the instrument, 
nown as Type 26-201 Chromatograph, is 
xtremely versatile and will handle a 
ide variety of compounds including 
quids with boiling points up to 325°C. 


Anew electronic resistance thermometer, 
pid to be the first thermometer ever to 
over a range from minus 100°C. to 
0°C., with .01 sensitivity and digital 
pading of temperature directly, has re- 
ently been introduced by the Manostat 
orporation, 20-26 N. Moore St., New 
fork 13, N. Y. 


A versatile, low-price, pocket-size pH 
meter for acidity and alkalinity measure- 
ments that is accurate, dependable, easy- 
@o-operate, and uses a combination elec- 
rode is in production by the Scientific 
astruments Division, Beckman Instru- 
ents, Inc. 

The new “Pocket pH Meter,’ is 
p battery-operated instrument having a 
wide variety of applications including 
ise in school, college, and university lab- 
pratories, 


Range of the meter is from 2 to 12 pH. 
The single electrode combines both the 
reference and glass electrodes and has 
been especially developed for use with 
the new “Pocket pH Meter.” The instru- 


ment also has a ‘““memory”’ dial for use in 
standardizing. The instrument operates 
from simple, inexpensive batteries like 
those used in flashlights and hearing aids. 

For further information on the new 
“Pocket pH Meter’ write Scientific In- 
struments Division, Beckman Instru- 
ments, Ine., Fullerton, California. 


> Burrell Corporation has announced 
availability of a series of new connecting 
and valving parts for use in analytical 
instruments for the laboratory. 

The devices avoid the conventional and 


time consuming methods of making rubber 
and metal tubing connections and offer 
instead a means for easily making and 
breaking joints, adding and removing 
parts and stopping or renewing the flow 
of gases, vapors or liquids. 

A newly released bulletin describes the 
connectors and lists catalog numbers, 
prices and other ordering data. Copies 
are available on request to manufacturer: 
Burrell Corporation, 2223 Fifth Avenue, 
Pittsburgh 19, Pennsylvania. Ask for 
Bulletin No. 832. 


p An unbreakable, sturdy Buchner fun- 
nel has just been added to the line of 
polyethylene labware produced by Pioneer 
Plastics, Box 641, Far Hills Branch, Day- 
ton 9, Ohio. This new funnel is molded in 
two parts so that it can be readily sepa- 


Available through leading supply houses 
or direct from manufacturer. 


NEW LITERATURE 


@ A new Nalgene catalog (E956) entitled 
Plastics for the Laboratory is now available 
from the Nalge Co., Inc., 625 S. Goodman 
St., Rochester 20, New York. 


@ Are you interested in SMOG? The 
Public Information and Education Di- 
vision of the Air Pollution Control Dis- 
trict, 434 S. San Pedro St., Los Angeles 13, 
California, will furnish copies of their pub- 
lication, Smog Brief, on your request. 


@ Copies of Chemical and Physical Prop- 
erties of Lithium Compounds can be ob- 
tained by writing Foote Mineral Co., 
18 W. Chelten Ave., Philadelphia 44, 


rated for cleaning. The size is for 70 mm 
Other sizes are planned. 


filter paper. 


Pennsylvania. This 38-page folder is in 
(Continued on page A502) 


NEW KEWAUNEE L EX i be 00D 


See Kewaunee’s new concepts of 
equipment design and classroom 
arrangement. Check coupon for 
free 44-page catalog of Educa- 
tional Laboratory Equipment and 
48-page Planning Manual. 


KEWAUNEE MFG. CO., 


Adrian, Mich. 


REPRESENTATIVES IN 
PRINCIPAL CITIES 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Now ail science departments—chemistry, phys- 
ics, biology, general science—can have a fume 
hood readily available for safe fume removal 
and hazard control. With the new, completely 
portable Kewaunee FLEXIHOOD, many dis- 
tinct advantages are gained: . 


FLEXIBILITY. Readily moved to serve all science depart- 
ments, permitting maximum convenience for class dem- 
onstration. Easily cted to p t service facilities. 
Exhaust system may be floor, window or ceiling. 


SAFETY. Assures complete safety in fume removal and 
hazard control at any location. Meets all requirements 
of State Boards. 


ECONOMY. Substantial savings over fixed hood system. 
Less first cost; lower installation cost; no separate plumb- 
ing cost; no expensive blower and duct system required; 
lower maintenance cost; less heat loss. 


COMPACTNESS. Saves valuable space. Only 3612” wide 
(43” with blower), 25” high, 20” deep. 


MAIL COUPON FOR FULL 
KEWAUNEE MANUFACTURING CO. 
5014 S. Center St., Adrian, Michigan 


(0 Send free literature on FLEXIHOOD. 

(Send free Laboratory Manuals 5 and 5A. 
Name 
Title 
Addr 
City. 


State. 
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OUT OF THE 


@ A four-page bulletin, Organic Complexes 


, of Molybdenum, summarizing all available 
Edttor information on the formation, formula, 


chemical properties, and uses of organic 


@ Glycerine Properties and Uses, a new 
17-page illustrated booklet describing the 
chemical and physical properties and the 
many diverse industrial applications of 
glycerine, has just been issued by the designed for use as a practical work 
Glycerine Producers’ Association, 295 book, presenting useful painting data in 
Madison Ave., New York 17, N. Y. 


@ The Bethlehem Apparatus Co., Inc., 
Hellertown; Pennsylvania, has published 
a helpful guide for the glassblower entitled 
Glass Blowing on the Glass Lathe. The special semi-micro glassware are illustrated 
booklet describes basic techniques with 
10 specific projects as examples. 


complexes and organometallic compounds 
of molybdenum has been published by 


loose leaf form, to provide for insertion of —Cimax Molybdenum Co., Dept. L., 
new data as they become available. 


500 Fifth Ave., New York 36, N. Y. 


@ Publication of a new paint manual, 
Tygon Protective Coatings Bulletin #760, 
is announced by The U. S. Stoneware Co., 
Akron 9, Ohio. This new manual is 


the form of charts, tables, diagrams, and 
illustrations. 


@Wilkens-Anderson has just published 
a new Semi-Micro catalog. All types of 


and described as well as equipment items 
adaptable to micro and semi-micro tech- 


ITEMS 
FROM A 
SINGLE 

SOURCE 
il 


MATHESON, COLEMAN & BELL REAGENT 
CHEMICALS INCLUDE PRACTICALLY ALL 
THE ITEMS USED IN LABORATORY WORK! 


Our Reagent Organic Chemicals conform not only to 
the specifications shown in our price list but also to 
the best literature values. 


The Reagent Inorganic Chemicals carry maximum- 
limits-of-impurities labels. 


in addition to Reagent Organic and Inorganic Chemi- 
cals, many items of U.S.P., N.F., Practical and Techni- 
cal grades are available. 


OUR NEW CATALOG LISTING MORE THAN 4000 ITEMS 


WILL BE SENT ON REQUEST 


MATHESON COLEMAN & BELL 


DIVISION OF THE MATHESON COMPANY, INC. 


Manufacturing Chemists 


EAST RUTHERFORD, NEW JERSEY © NORWOOD (CINCINNATI), OHIO 


niques. For a free copy of this Se T OF | 
Micro Catalog write Wilkens-Ander 
4525 W. Division, Chicago 51, Lllinois, 


@A new, 48-page nitrogen soluti 
handbook for the fertilizer and chem; 
industries has been published by Nj 
gen Division, Allied Chemical & ) 
Corp., 40 Rector St., New York 6, N, ro a 
Gaug 


@ A new manual, Tygon Flexible Pla Gauges, | 
Tubing, Bulletin T-97, is available wi Gauges 
out cost from The U. 8. Stoneware (j Publicati 
This twenty-eight page booklet covaiheck poi 
each of the many Tygon Tubing form ges, and i 
tions individually and in technical detafry at Sell 


Applications and limitations of each {¢ 
mulation are presented fully. PhysidiOELLAN 
properties and chemical resistances bas 
on A.S.T.M. testing methods are present 
in chart and table form. Each chapi 
includes photographic _ illustrations 
actual applications. 

Bulletin T-97 may be secured by writi 
to: Ralph Bjorgen, Plastics and §y 
thetics Division, The U. 8S. Stonews 
Co., Akron 9, Ohio. 


@ A new catalog describes various typ 
of spectroscopes, such as diffraction, prisi 
reversion and ultra violet, and accessorid 
The new Beck Direct-Reading Spectron 
eter featuring the reversed spect 
technique is also described. Catalog 
available from The Ealing Corp., Natid 
3, Massachusetts. 
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@ A new 16-page brochure listing a compalt reseai 
plete line of polyethylene ware for lab§} econom 
oratory use has just been announced b@alt in in 
the Scientific Glass Apparatus Co., Inc 
Bloomfield, New Jersey. Items made @!TOW-8¥ 
standard polyethylene as well as higgns tested 
heat polyethylene are illustrated and de enah, Wi 
scribed. For your free copy, write" for hat 
directly to the Scientific Glass Apparatu§ 7; .oniur 
Co., Inc., Bloomfield, New Jersey. » apparer 


@ An attractive and informative datqthe A.E. 
sheet on Nitroparafins and Derivativeion pow 
is now available from the Industrial Chemif, 
cal Division, Commercial Solvents Corp. 
260 Madison Ave., New York 16, N. Y. 


@ Schaar and Co. announces the avai 
ability of Labalog 956. This new 64-p 
Supplement, incorporates a current pri 
list and features many instruments whic 
have been added to their stock since pu 
lication of their general catalog and inti 
duced in various issues of Laboratory 
This supplement and price list if used i 
conjunction with general catalog #50 wi 
provide a current, complete listing of carey. y, ig 
fully selected equipment for your labora unselling 
tory. Requests for copies promptly dTV p 
swered by Schaar and Co., 754 W. Le*bnsulting 
ington St., Chicago 7, Illinois. ailable « 


interest includes Caffeine, Cedrol, beta 
Erythroidine, Fulvalene, Morphine, Refi 
serpine, Santonin, Terrein, Tetracycline,} 
and Trilobine. Alongside of the graphichum is vu 
formula of each molecule is listed théhe that | 
quantities and catalog numbers of thebeause it 
components required to construct they opera 
model, bricatio 

For copies write to Arthur 8, LaPine & bunded k 
Co., 6001 S. Knox Ave., Chicago 29,§ a smal 
Illinois. then di 


(Continued on page A603) Jatinum 


JOURNAL OF CHEMICAL EDUCATION, NOVEMBER, 1956 Please n 


From Our 
& 
| 
os INORGANIC REAGENTS 
-|STAINS 
A502 
= 


f this Sp 
ns-A nder 
Illinois, 


tT OF THE 


editor's Cachet 
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new 8-page catalog just published 
E ], 8. Gauge deals with the selection of 
Gauges, also cataloging a variety of 
lable wil Gauges for various applications. 
neware (@ Publication No. 400 provides a list 
klet covdieheck points for ordering Pressure 
ng formulfges, and is available by writing to the 
nical detafory at Sellersville, Pennsylvania. 

of each fo 

Physi CELLANY 

ances bas 

e present increase the accuracy of pH meas- 
ch chapigments the National Bureau of Stand- 
rations # is recommending a sixth pH stand- 
1 for use with the five previously 
| by writigpblished. 

and Syghe new pH standard is a solution of 
Stonewaium hydroxide saturated at 25°C. 
san easily prepared standard with no 
ghings necessary. The pH of this 
lous prepared by shaking finely granu- 
prisifcalcium hydroxide with water is 12.45 
vecessorieg 25°C. For further information see 
Spectroupf Research NBS, 56, 305 (1956) RP 
1 spect, 

Catalog 

p., Nati’ Cobalt Information Center has been 
pblished at Battelle Institute, Colum- 
, Ohio. Its purpose is to encourage 
ng a combalt research and to provide technical 


for economic information for users of 
unced bmalt in industry. 
Co., Ine 


3 made af hrow-away clothes made of paper are 
| as higftg tested at the Kimberly-Clark Corp., 
1 and d@enah, Wisconsin. A new era is fore- 
y, writ? for hard-to-wash utility garments. 


\ppara Zirconium, previously little known, 

s apparently become most newsworthy 
ive datqthe A.E.C. has contracted for some 11 
erivativeglion pounds over a five-year period to 
al Chemif? 2 construction of aqueous reactors 
ts Corp§’ protective coating for uranium in 
N.Y. iid fuel elements. 


he avail C-E-C. Recordings Volume 10, No. 
- 64-pagg 956, has an excellent story on “Vacuum 
ont pried etallizing” as a process which has made 
ts whicifible inexpensive decorative coatings 
nee pub plastics and metals. The volume is 
nd introg@ilable from C.E.C., 300 N. Sierra 
boratoryg*ate Villa, Pasadena, California. 


no a A-V Consulting and Production Serv- 

“of 1225 Broadway, New York 1, 

7 he . Y., is a new agency set up to give 

ia a unselling service in production of films 

a Be hd TV programs. A brochure on their 

. nsulting and production services is 
ailable on request. 


curretl® Crosshairs used in microscopes and 
l, beta lescopes are often made of platinum 
ne, Retire with a diameter as small as four one- 
cycline, ndred thousandths of an inch. Plat- 
graphi¢hum is used for this wire, which is so 
ed thehe that it is invisible to the naked eye, 
of thebeause it will withstand the drastic work- 
ct they operation to make it so fine. In its 

; brication, a larger platinum wire, sur- 
Pine & bunded by a heavy silver jacket, is drawn 
g° “> a small over-all diameter. The silver 
then dissolved away, leaving the minute 
atinum wire core. 
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DENSITOMETER 
Gives Exceptional Results in Quantitative Micro-Analysis in 


PAPER CHROMATOGRAPHY 


The Welch DENSICHRON TRANSMISSION 


It has been found that, because of the differential migration of the solutes through filter paper the maximum 
color density of the is proportional to the concentration of material. The ‘‘no drift’ feature and the 
high sensitivity of the ichron provide llent repeatability with accuracies having 
high statistical significance. It has been successfully used for amino acids, sugars, vitamins, steroids, hormones, 

, and an endless variety of both organic and inorganic 7 
rite for literature describing the production of papergrams and the use of the Densichron for quentitative 
determination by the maximum density method. 


Complete $425.00 


W. M. WELCH SCIENTIFIC COMPANY 

DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 

° 1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U.S. A. 
Manufacturers of Scientific Instruments end Laboratory Apparatus 


Shee. Vlei 


POLYETHYLENE 


2 PIECES 


BULCHHER 
FUNNEL 


71 mm, Plate Digmeter 


O | $5.00 Each 

$25.00 for 
Immediate Delivery: 

Order Cat. No. 


ax) ACE GLASS INCORPORATED 


Also in Stock 
at our 
Louisville 
Warehouse 


Glassware Secciatists to and Rescarch 
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SARGENT-MALMSTADT 


Automatic Titrator 


Using Second Derivative 


Method of H. V. Malmstadt 


Greater operational time saving 
than any former so-called auto- 
matic equipment. 


No electrode problems. Most ti- 
trations can be carried out with 
plain platinum or platinum-rho- 
dium wire electrodes. 


Correct end point is automatic- 
ally derived by the circuit — no 
statistical or theoretical studies 
needed. No pre-setting of volt- 


Developed and manufactured by E. H. Sargent & Co., 


ages. Push-button start, auto- 
matic shutoff. 

Inherent accuracy is superior to 
voltage measurement or color 
indication. 

Precision better than limits of 
normal techniques and reading. 
Directly applicable to all types 
of redox, acid-base, precipita- 
tion and complexation titration 
systems. 

Low cost, minimum maintenance. 


based on the original work of H. V. Malmstadt, (Anal. Chem., 26, 1348[1954]). 


S-29690 ELECTROMETRIC TITRATION APPARATUS— Automatic, 
Potentiometer, Sargent-Malmstadt (Patents pending). 


mounted on a support with swinging beaker platform and a c 
for the titrating burette, is designed to accommodate any fo 


For use in all titrations usually classified as potentiometric. 


Consisting fundamentally of a mixing and delivery unit with 
associated supports and an electronic control circuit. 


he control unit contains the detecting, amplifying, differen- 


tiating and relaying circuits with a simple operational panel. At 
the rear of the control unit are a stirring motor switch for manual 
use, a fuse, connecting outlets to the valve unit, connecting outlet 
to the power supply, and a recorder outlet permitting, for research 


purposes, the recording of the second derivative curve with auto- 


matic cutoff. 


The delivery unit contains a valve mechanism with an adjusta- 
ble rate controller, an open ended motor driven chuck for the 
stirrer, stirring motor and electrode holders. The valve mechanism, 


of burette with or without stopcocks, so that it may apply to 
type of titrating installation. . 

imensions of control unit: height, 734 inches; width, | 
inches; depth, 9 inches; power consumption, 100 watts; 
shipping weight, 35 Ibs. 


DETACH SHEET 


omplete, including: control unit; stirring valve unit; —_ 
stand with beaker platform and burette clamp; one S-30490 calomé 
electrode; one each S-30440 electrode, platinum and platinud 
rhodium; one S-29695 delivery tip with internal platinum electrod¢ 
one S-76667 stirring rod; one S-76668 large stirring rod; conned 
ing cable for recorder; and connecting cord —— for stan 
outlets, Without beakers or burettes. For operation from 115 vo} 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 


“epee 100 E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
Catalog Ho. OO BRNTETTSRY DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
Vou rfuacatle 


SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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23. COLLOIDS’ 


e) A. TYPES OF COLLOIDS 


O 


23-1 Foamite solutions A and B, Demonstration 
16-16, Ivory Soap cake, kettle of water over 
burner, alcohol, rosin, test tube, Jello, 400 
ml. beaker of water over burner, TiC 
(Demonstration 20-16), sodium thiosulfate- 
aq., cone HCl, test tube, colored glass. 
Illustrate the following types of colloids: (a) 
gas in liquid, foamite experiment, (b) gas in 
solid, air in Ivory Soap, (c) liquid in gas, 
steam from kettle, (d) liquid in liquid, pinch 
of rosin shaken with equal volumes water + 
alcohol gives alcohol in water emulsion with 
rosin as emulsifying agent, (e) liquid in solid, 
prepare Jello desert, (f) solid in gas, smoke 
screen from TiCl + moisture, (g) solid in 
liquid, from thiosulfate + HCl forming sulfur 
sol, and (h) solid in solid, colored glass (a 
supercooled liquid). 


B. RELATIVE SIZES OF PARTICLES 


Filtration 


23-2 Mud, CuSQ,-aq., As; sol, three test tubes, 
filter funnel, stand, and paper. Show that 
colloidal and true solutions run through filter 
paper whereas coarse mud particles do not. 


23-3 Small white beads, larger red marbles, jar 
with cap having many holes a little larger 
than the beads. Prepare Fe(OH); sol ac- 
cording to Demonstration 23-6 and suspend 
in a cellophane sac in 400 ml. water several 
days before lecture. Also suspend sac con- 
taining CuSG,-aq. Shake beads through cap 
of jar, retaining red marbles: illustrates 
why Cu**+ passes through sac whereas col- 
colidal Fe(OH); does not. 


Centrifuging 


23-4 Muddy water, two. tall bottles, string, cen- 
trifuge with tubes. KsCr.O;-aq., 250 
ml. beaker of water. Make colloidal AgCrO, 
from 100 ml. water + 5 ml. Ag+ + 5 ml. 
K.Cr.O;-aq. Centrifuge. Also whirl bottles 
of muddy water around head, illustrating 
centrifuging action. 


Cc. SOLS 


Preparation of Sols 


23-5 Colloidal gold. One percent AuCl;-aq., 40 per 
cent formalin, 1 N K,CO; in 200 ml. water in 
400 ml. beaker over burner. Add formalde- 
hyde dropwise to 1 ml. AuCl;-aq. in 1N 
K.CO;: colloidal gold forms. Boiling may 
hasten action. . 


23-6 Ferrichydrozide sol. Potassium ferrocyanide- 
aq., IN FeCl;, two 400 ml. beakers of water, 
one over a burner. Add 1 ml. FeCl; to each 
beaker. Boil one: deep red ferric hydroxide 
sol forms. Add an equal number of drops of 
potassium ferrocyanide-aq. to each beaker 
and compare colors: the sol furnishes little 
Fe*®+, the other solution furnishes much, 
forming blue ferric ferrocyanide. 


Journal of CHEMICAL EDUCATIO 


Tested Demonstrations in General Chemistrt 


23-7 Arsenic sulfide sol. NaS-aq.; 1g. AsO; in 
100 ml. water heated to boiling, cooled, and 
filtered; filter paper and funnel, two test 
tubes, filter stand. Mix 10 ml. Na,S-aq. + 
10 ml. arsenate solution: As,.S; sol forms. 
Pour into filter paper: runs through. 


23-8 Bredig silver. Induction coil leading to silver 
wires under distilled water in a 250 ml. 
beaker (Bredig arc apparatus). Pass arc: 


colloidal silver forms in a few minutes. 


Gelatin sol. Gelatin, 250 ml. beaker of 
water over burner. Add 10 g. gelatin to 200 
ml. boiling water: sol forms by peptization. 


23-9 


Diffusion Phenomena 


23-10 Diffusion rate. Prepare four tubes of 5 per 
cent agar agar or gelatin a week before lec- 
ture and place the following solutions on 
them: CuSQ,-aq., As-S; sol, Fe(OH); sol, 
NiSO,-aq. Exhibit, discussing rates of dif- 
fusion: the sols diffuse more slowly than the 
ions and Ni**. 


Turn the page for additional demonstrations 


*Footnotes 


This demonstrates the relative rates of diffusion of H* 
and Fe**, After a day or so the H* ion will have 
moved part-way down into the agar, declorizing the 
weenie thalein; meanwhile the larger Fe** ion will 

ave moved a smaller distance, forming Prussian Blue 
with the ferrocyanide. By the end of a week the H* 
will have turned the agar white nearly to the middle of 
the tube, while the Fe** will have advanced perhaps 
half as far. The tube contents will now be red, white 
and blue, a “patriotic tube”. After a month the H* 
will have discharged all of the red, and the Fe ** will 
have advanced half-way down the tube. 


23-11 


23-14 This is not very satisfactory. An apparatus demon- 
strating the Brownian motion of smoke particles is on 
the market; also a moving picture showing this 
motion. 


Labels for Topic 23. (For code, see instructions for assembling 
kits, J. Chem. Educ., 32, 12A (1955). 23-1-w-Foamite A, 
23-1-w-Foamite B, 23-1-/-cake Ivory Soap, 23-1-N-ethanol, 
23-1-w-rosin, 23-1-J-Jello, 23-1-d-TiCl,, 23-1-N-sodium thio- 
sulfate-aq., 23-1-J-colored glass, 23-2-N-muddy water, 23-2- 
N-CuSO, aq., 23-2-N-As.S; sol, 23-3-J-white and red beads, 
23-3-N-CuSO, aq., 23-3-N-Fe(OH); sol, 23-3-N-collodion, 
23-4-N-muddy water, 23-4-N-K2Cr.O; aq., 23-4-d-Ag*, 23-5- 
d-AuCl; aq., 23-5-N-formalin, 23-5-N-1 N K:CO;, 23-6-d- 
potassium ferrocyanide-aq., 23-6-d-1N FeCl;, 23-7-w-Na.S, 
23-7-N-As:O; in 23-8-w-Ag wire, 23-9-w-gelatin, 23-10-J- 
agar agar, 23-10-N-CuSO, aq., 23-10-N-As.S; sol, 23-10-N- 
Fe(OH); sol, 23-10-N-NiCl: aq., 23-11-J-agar agar, 23-11-w- 

tassium ferrocyanide, 23-1 ew 23-11-N- 

eCl; aq., 23-12-N-CuSO, aq., 23-12-N-NiCl. aq., 23-12-N- 
AsS; sol, 23-12-N-Fe(OH); sol, 23-12-N-Ag sol, 23-12-N-Au 
sol, 23-12-N-water, 23-15-N-As,S8; sol, 
23-15-d-1M Nat, 23-15-d-1M Mgt?, 23-15-d-1M Al*’, 23-16, 
N-AsS; sol, 23-16-N-Fe(OH); sol, 23-17-d-K2Cr2O; aq., 23-17- 
d-Ag*, 23-17-N-1% gelatin aq., 23-18-J-baking powder, 
albumin free, 23-18-w-egg albumin, 23-19-N-rubber latex, 
23-19-J-zine rod, 23-20-N-kerosene, 23-20-N-soap-aq., 23-20- 
N-CuSO, aq., 23-21-N-ethanol, 23-21-w-rosin, 23-22-N-etha- 
nol, 23-22-N-ethanol, 23-22-N-sat. calcium acetate, 23-23-N- 
sodium silicate, 23-25-d-TiCl, 23-26-d-TiCl,. 


+ By Hubert N. Alyea, Frick Chemical Laboratory, Princeton, N. J. 
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23-11 Patriotic test tube. A 1-liter cylinder two- 
thirds full of a gel containing 24 g. agar agar 
+ 720 ml. water + 2 crystals of potassium 
ferrocyanide + 5 drops of phenolphthalein 
solution to turn it pink. When agar has set, 
fill remainder of cylinder with FeCl;-aq. 
Upon standing for a week the contents of the 
cylinder turn red, white and blue; see foot- 
note. Exhibit. 


Tyndall Cone 


22-12 Powerful pencil of light formed by placing a 
slide with pin-hole in standard projector in 
darkened room; CuSQ,-aq., NiCl.-aq., AsoS3 
sol, Fe(OH); sol, Ag sol, Au sol, water. Set 
the bottles in the path of light: colloidal 
solutions give a cone whereas true solutions 
give none or very little. 


23-13 Artificial sunset. Projection lantern (see 
Demonstration 22-12) throwing beam 
through 700 ml. water + 5 g. NaS.0; in a 
liter Florence flask; conc. HCl. Dump in 5 
ml conc. HCl, shake, and replace in path of 
light: colloidal sulfur forms and the Tyn- 
dall cone turns from white through yellow to 
red, and finally becomes opaque. 


Brownian Motion 

*23-14 Microscope, mortar and pestle, microscope 
slide and cover plate, matches. Grind up 
match carbon, place’ on drop of water on 


slide: Brownian motion of fine carbon par- 
ticles is observable. 


Electrical Phenomena. 


23-15 Precipitation by ions. As.S; sol, 1M Nat, 1M 
Mg*?, 1M Al*®, three test tubes. To 10 ml. 
sol in each tube add 1 ml. of each cation re- 
spectively: precipitation by Na+:Mgt*?:Al** 
is after relative times 1:4:9. 

23-16 Mutual precipitation. AsS; sol, Fe(OH); sol, 
test tube. Mix equal amounts of the two 
sols: negative As.S; sol neutralizes positive 
Fe(OH); sol, and they both precipitate. 


23-17 Protective colloids. Two 250 ml. beakers, 2 
test tubes, burner, tripod and wire gauze, 2 
funnels with filter paper in stand, K,Cr.0;- 
aq., Ag*', 1 per cent gelatin solution. Beaker 
1: mix 200 ml. water + 10 ml. gelatin solu- 
tion + 1 ml. K,Cr.O;-aq. + 1 ml. Ag+ solu- 
tion. Beaker 2: mix 200 ml. water + 1 ml. 
K.Cr,0;-aq. + 1 ml. solution. Boil 
both solutions and filter them: the one con- 
taining gelatin will not coagulate and can be 
passed through the filter paper. 


23-18 Protected foam. Albumin-free baking powder 
in two test tubes, egg albumin. Add water 
to (a) baking powder and (b) baking powder 
+ pinch of egg albumin: permanent foam 
forms in the presence of albumin. In baking, 
flour furnishes the albumin. 


[——Next month’s Tested Demonstrations in General Chemistry 
24. MISCELLANEOUS. A SELECTED LIST OF ELEMENTARY DEMONSTRATIONS 


Two hundred of the simpler demonstrations from this series suitable for elementary 
chemistry, together with a list of necessary chemicals and equipment. 


For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9(1955) 


23-19 Electrodeposition. Rubber latex, zinc rod 
connected to 20 volts D.C., 400 ml. beaker. 
Immerse rod in the latex: a thick finger of 
rubber is electrodeposited, and can be 
stripped off. Try changing polarity. 

D. EMULSIONS 


23-20 Stoppered eylinder, kerosene, soap-aq., Cu- 
SO,-aq. Fill cylinder with equal amounts of 
water and kerosene + 10 ml. CuSO,-aq. to 
identify the water layer. Shake: temporary 
emulsion forms. Add 1 ml. soap-aq., shake: 
permanet emulsion forms with soap as the 
emulsifying agent. 

23-21 Stoppered cylinder, ethyl alcohol, rosin. 
Fill cylinder with equal amounts of water and 
alcohol, shake: completely miscible. Add 
a pinch of powdered rosin, shake: perma- 
nent emulsion of alcohol in water, with rosin 
the emulsifying agent. 


E. GELS 


23-22 Saturated calcium acetate-aq., 95 per cent 
ethanol, two 250-ml. beakers. Mix 180 ml. 
ethanol with 20 ml. sat. calcium acetate: 
solidifies into a gel. Squeeze out liquid, dry 
hands, place gel on asbestos and ignite. 
Burning gel can be picked up (CAUTION). 


23-23 See Demonstration 15-8, silica gel. 


23-24 Exhibit: reactions in gels, forming PbI, 
crystals, chromatic gels, vibrating gels, etc. 


F. SMOKES 


23-25 See Demonstration. 20-16, TiCl, hydrolysis 
producing smoke. 


23-26 Cottrell precipitator. Generate smoke by 
blowing air through a 10 mm. tubing into a 
bottle of cone. HCl, then over conc. NH,OH 
in another bottle. Pass the smoke into a 
vertical 2 X 18” glass tube. Connect a 6-volt 
D.C. battery in series with a rheostat to the 
primary terminals of an induction coil. Con- 
nect one terminal of the secondary to a 2 mm. 
copper rod, clamped so as to project down 
the center of the glass tube, with its free end 
fused to a ball. Connect the other terminal 
to a spiral of No. 20 copper wire which just 
fits inside the glass tube. The coil should be 
powerful enough to give a spark between the 
center rod and the spiral. Adjust the rheo- 
stat until the sparking stops, but the coil 
continues to vibrate. Blow smoke through 
the device: when the current is on the 
smoke will precipitate. The electrons must 
flow from the rod to the wire; if the device 
does not work successfully, try reversing the 
polarity. After operating the precipitator 
some minutes dump out the solid NH,Cl 
which has collected on the walls of the tube. 
See H. W. Stone, J. Chem. Educ., 5, 1001 
(1928). 
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Jacobus Henricus van’t Hoff 


Born at Rotterdam on August 30, 1852, van't Hoff received his professional 
training primarily at Delft and Utrecht, with short intervening periods at 
Bonn (under Kekulé) and Paris (under Wurtz). Though the courses were 
primarily in organic chemistry, his interests lay rather in the mathematical 
and physical aspects. He taught at the Veterinary School in Utrecht (1876—- 
77) and at Amsterdam (1877-96). During this period he achieved an inte1- 
national reputation. Together with Wilhelm Ostwald and Svante Arrhe- 
nius, he led the development of the then modern physical chemistry. He 
was the first (1901) Nobel-prize winner in chemistry. In 1896 he accepted 
a call to Berlin issued by the Prussian Academy of Sciences. He died of 
tuberculosis at his residence in Berlin-Steglitz on March 1, 1911. The body 
was cremated, and the ashes rest in the cemetery at Berlin-Dahlem. 

—Ralph E. Ocesper 
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We wonver how many smiles of anticipation adorned 
the faces of the many teachers of chemistry in the na- 
tion’s liberal-arts colleges when “Is Chemical Education 
Too Specialized?” was announced as the subject of Dr. 
Warner’s presidential address. When his analysis of 
the problem included the recommendation: “Chemical 
education . . . should have an effective and adequate 
program of liberal studies as an integral part of the 
student’s professional education. . . ,’’ we are sure there 
were many nods of knowing approval. Where better 
can this be done, they ask, than on the campus of a 
liberal-arts college? Not only are the courses available, 
but even more important is the opportunity for the 
student of science to have a philosophy major for a 
roommate or to occupy a chair in the college symphony 
orchestra. Dr. Warner’s statement is not mere con- 
jecture, they add. 

For two decades all sorts of statistical studies have 
been made which show that liberal-arts colleges supply 
the baccalaureate training of a large portion of the na- 
tion’s scientists. For the past few years leading chemi- 
cal industries have agreed. Their financial support for 
departments of chemistry in these liberal-arts colleges 
is emphatic, practical language. 

It would be most inappropriate for us either to in- 
dulge in ‘“I-told-you-so’s” or to toss verbal bouquets. 
America’s liberal-arts colleges are doing some things 
well, but by no means are they doing all that they could 
or should toward educating the scientists of the future. 

The one glaring failure is that a steadily decreasing 
proportion of the nation’s school teachers are graduat- 
ing from these institutions. The very colleges whose 
records look best in terms of alumni who become re- 
search scientists look poorest in terms of tomorrow’s 
teachers. If the education of a professional chemist 
should have the benefit of an integrated program of 
liberal studies, why should this not be even more true 


for the education of a professional teacher of chemistry? 
We agree heartily with the statement made by Dr. 
F. G. Jarvis, Professor of Bacteriology at Idaho State 
College, to the Idaho Section of the A.C.S.: 


... We have now accumulated a vast heritage of knowledge 
and still more important, the powerful tools for handling this 
knowledge. It is the responsibility of our schools to dispense in- 
formation and techniques concerned with the acquisition and use 
of this fund. This kind of education, concerned with ways of 
thinking in terms of our various kinds of accumulated knowledge 
is “liberal education.”’ ...In order to be proficient and inspir- 
ing, a teacher must be liberally educated. ...The professional 
aspects of teaching should be identical with those found in a 
liberal-arts education. 


A college professor, even one of the best, often is 
peculiarly inconsistent. He is justly proud of his alumni 
as his “contribution” to science, but he may lack the 
humility to admit that many of the students who come 
to him already have picked science as a career because 
of their contact with a high-school teacher. He cries 
with despair over the preparation of his entering stu- 
dents but will consistently advise his ablest graduates 
not to think of high-school teaching as a career. He 
deplores the over-specialized training in pedagogy at 
the expense of content which he feels is provided for 
prospective teachers at other institutions; yet he does 
nothing on his own campus to see to it that there is the 
opportunity for his students to get the necessary 
courses for certification without having to slip into an 
academic back room. 

This is not a small problem. It cannot be solved in 
a few sentences. (Carleton College has published a 50- 
page pamphlet describing a searching analysis of it.) 
Obviously it is one for administrators. We doubt if 
many of them are among our readers. What we have 
to say is addressed to the chemistry professors. Their 
sins of omission and commission have not helped mat- 


.ters. We think they should do something about it. 
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THE GENERAL CHEMISTRY TEACHER— 
SALESMAN FOR CHEMISTRY’ 


OTTO M. SMITH 


Oklahoma Agricultural and Mechanical College 


Stillwater, Oklahoma 


Orto M. Smitu, winner of the 1956 Scientific Apparatus Makers 
Award in Chemical Education, has led the kind of professional 
life devoted to ‘‘chemical education considered in its broadest 
sense’ which the framers of the award must have had in mind 
when they established its “Rules of Eligibility.’’ His thousands 
of friends and associates in the activities of the Division of Chem- 
ical Education feel that the prize and the man are perfectly suited 
for each other. 

The conviction on which he has built his life of service to the 
chemical profession is that teaching is the most important thing a 
teacher can do and that he should be willing to work hard at it. 
The monuments to this conviction and the man who holds it are 
many. Chemistry teaching in America is better today for the 
activities which were born as his ideas and were nurtured by his 
ability to inspire others into organized action. The A.C.S. tests 
he first developed now stand as the best and most complete 
battery of college-level examinations in any field of knowledge. 
The program of summer institutes and conferences which last 
summer raised the sights of hundreds of chemistry teachers 
began with the workshop which he organized at Stillwater in 1950. 


Reporrep studies? reveal that the yearly enrollments 
in general chemistry from 1947 to 1954 range from a 
minimum in 1951 of about 187,000 to a maximum of 
237,000 in 1954. In round numbers about one-third 
of all freshmen and about one-tenth of the reported to- 
tal college enrollments are in the classes of general chem- 
istry. From the freshman. classes of 1950 and 1951, 
8028 and 8136 students received the bachelor’s degree 
with an average of about 3% as chemists and biochem- 
ists and 1% as chemical engineers. Thus, from every 
1000 general chemistry students, 30 chemists and bio- 
chemists and 10 chemical engineers may be expected 
to graduate. If this rate remains approximately the 
same in the few years ahead, then from the 237,000 
general chemistry students in 1954, at least 7100 chem- 
ists and biochemists and 2400 chemical engineers may 
expect to graduate with the bachelor of science degree 
in 1958. 

Many students may start on these courses of study 
but never graduate. Many are nonchemistry majors 
who are taking general chemistry as a prerequisite for 
further courses in agriculture, engineering, medicine and 


1 Address presented on receiving the Scientific Apparatus 
Makers Award in Chemical Education, before the Division of 
Chemical Education at the 129th Meeting of the American 
Chemical Society, Dallas, April, 1956. 

2 Situ, Orro M., C. E. J. Cuem. Epuc., 33, 
403 (1956). 


nursing, home economics, the many physical and bio- 
logical sciences. Some have chosen to enroll for the 
cultural value of the sciences or for the satisfaction of 
their curiosity. What do we teachers have to offer to 
these 237,000 young men and women? Certainly we 
should make our work so interesting that many having 
had a taste of this fascinating subject will want to 
delve more deeply into this science. 

It seems to me that we teachers can take a lesson from 
the life-insurance salesman. When considering a pros- 
pective customer, he has three different ideas in mind: 
(1) to study the individual, his family, their wants, de- 
sires, needs, and their physical and financial limitations; 
(2) to select from his assortment of plans those most 
fitting for the customer; and (3) to look forward to a 
purchaser who will be satisfied 20 years later. 

We teachers are not unlike the life-insurance sales- 
man, since we too will hope that most of the 237,000 
freshman students will in their later years say to us, 
“T certainly am glad to have taken chemistry and to 
have had you as my teachers.” To accomplish this 
we should try to make our courses so interesting, thor- 
ough, appropriate, and up to date that they will fit the 
student’s present and future needs. We want to give 
personalized and individual service to each student. 
We should strive to stimulate his enthusiasm, to vita- 
lize his learning, and to arouse his curiosity and inten- 
sify his desire to set higher and more worthy goals for 
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self. True, we are teachers of chemistry but what 
ish to impress upon you is that we are foremost teach- 
and leaders of young men and. women, and that 
hemical knowledge is only the medium through which 

e work. As Joel Hildebrand’ has so appropriately 
ated: “The test is not what the institution pours into 
e student but what it succeeds in planting to con- 
nue to grow.’ Somewhat the same idea is expressed 
v Meiklejohn: ‘Teaching is not the giving of infor- 
ation, but the stimulating and the directing of the 
ind by other minds that are going in the same direc- 
on.” 

It is not my intention to tell you in what manner gen- 
ral chemistry students should be taught, but to direct 
our attention to some salient points such as the fit- 
ing of the course to the future and present needs of the 
udent and recognizing the value of the trait of curios- 
y as a motivating force not only in college but also 
n all life situations. 


SECTIONING LARGE CLASSES IMPORTANT 

I hold the view that we should assist those talented 
bind those with satisfactory training in high-school 
hemistry to complete the general chemistry course as 
apidly as possible, consistent with good performance, 
ko that they may move on to courses in their major 
elds. I think that it is a sound pedagogical, finan- 
ial, efficient, and humanistic practice to group stu- 
dents if at all possible according to their intellectual 
abilities, vocational aims, and prior training in science. 
Furthermore, it is highly desirable that general chem- 
istry courses be taught by professors who are not 
only competent in chemistry but also have a good 
knowledge of the vocational fields in which the students 
are majoring. I have seen this plan in action at Okla- 
homa A. & M. and know that it works when, and only 
when, separate grading scales are used. Thus, for ex- 
ample, girls in home economics and boys in agriculture 
are taught by teachers who are well versed in these 
fields. These students should be graded on the basis 
that the group is a separate unit, using the customary 
porportion of grades awarded, and similar to the prac- 
tice used by the faculties of the home economics and 
agricultural schools. 
Of course, they may not have gained as much knowl- 
edge of chemistry as the science majors are expected 
to have acquired in the same length of time, but they 
may have labored as hard and as diligently as their in- 
dividual talents, prior training, and class hours asigned 
will permit. In any event, however, they should leave 
the department with kindly feelings and the satisfac- 
tion of having earned the grades received, and yet the 
teachers need not have lowered in any manner the 
standards set for the chemistry majors. 
In the case of those students who have had chemistry 
in high school, we have found that about 50% of them 
make sufficiently satisfactory scores in the Iowa Train- 
ing Test in Chemistry and in the A.C.S. Cooperative 
General Chemistry Test to assure us that they can 


° HILDEBRAND, JOEL H., Science, 121, 840 (1955). 


master the same course content in one semester instead 
of the usual two-semester course. The class containing 
these students proceeds very rapidly at first over the 
usual college general chemistry texts but more slowly 
over those portions not covered in the high schools, so 
that by the end of the semester they have been exposed 
to the same amount of work as covered by the two- 
semester group. At the end of the semester and as 
part of the final, one of the A.C.S. Cooperative 
General Chemistry Tests is administered. On this 
test we already know how the large two-semester class 
performs. A comparison is made and a grade is given 
which the individual would probably have made if he 
had taken the two semesters. The usual results are 
that a very high percentage of A’s and B’s are assigned, 
much to the joy of the students and far greater in num- 
ber than would usually be given in any one class. 

Such practice teaches the student to use the knowl- 
edge acquired in high school and to study under in- 
creasing tempo; furthermore, four semester hours are 
saved from the freshman year to be used for courses in 
his major field or as electives. We have checked the 
progress of these students from the sophomore to 
senior years and found that they made just as good 
records as did those with the customary two-semester 
course in general chemistry. 

I wish, however, to caution you that when groups 
are organized according to ability, it is unfair to grade 
them using the single* group as the basis for the usual 
percentage of A’s to F’s. Their performance should be 
compared to the performance of the entire group from 
which they were selected. Failure to observe these 
precautions in awarding credit and grades will make 
such segregation according to ability unwelcome by 
students, parents, and faculty. As mentioned above, 
where groups are organized according to professional 
aims, the grading scheme should be that used for the 
particular school. For example home economics and 
agricultural students should not be matched against 
chemistry majors. 


TRAINING TEACHERS OF GENERAL CHEMISTRY - 


Believing that a teacher should possess and practice 

well the arts of teaching, guiding, and leading our 
youths, as well as possess a good knowledge of his sub- 
ject, I made a survey a few years ago of all the schools 
offering graduate work in chemistry. I found no de- 
partment head who was willing to accept studies in 
psychology, counseling; and guidance and statistics as 
a minor in the requirements for a Ph.D. in chemistry. 
Most would allow courses in education, social studies, 
and psychology as partial fulfillment for the master’s 
degree. 
' I have found that in some schools the science and 
education departments are harmoniously working to- 
gether. In these cases the chemistry department is 
offering the usual or modified courses in analytical, 
organic, and physical chemistry for science teachers. 
These courses carry graduate credit only toward a de- 
gree in education or to the Doctorate of Education. 
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You may ask how these comments apply to my dis- 
cussion of general chemistry. In every group of grad- 
uate teaching assistants there are many excellent young 
men and women who have the desire to become teachers 
and who look forward to a degree of respectability as a 
teacher of chemistry or science. What sort of a recep- 
tion do they have on the part of the chemistry staff 
and many of their associates? What suitable graduate 
program is available to them? Which of these gradu- 
ate assistants in general chemistry are invited to teach 
in the upper classes or participate in a research pro- 
gram where they may get graduate credit for the re- 
searches performed? Where are the better graduate 
assistant salary offerings to be found? Has anyone 
ever heard of a graduate teaching research assistant- 
ship wherein the holder gets the same rewards as does 
the research assistant? 


WHO TEACHES GENERAL CHEMISTRY? 


To gain some first-hand knowledge of the quality of 
the teaching of general chemistry, I have recently cor- 
responded with 50 heads of departments of chemistry. 
With a few exceptions they all affirm that their best 
teachers are lecturing in this course and that the same 
quality of instruction is available for freshmen as for 
the upper classes. 

Unfortunately few ever mentioned the laboratory 
and quiz sections, in which to my mind the most effec- 
tive and influential work is being done. Dean Ray- 
mond Kirk‘ of Brooklyn Polytechnic Institute writes, 
“We believe that it is in the laboratory that the scien- 
tists of tomorrow will be recruited; who has chosen 
science because it is finished? The concept of science 
as growing, as changing, and as serving is the concept 
that attracts keen young minds. . . .The best equip- 
ment in the laboratory may ‘still be in the head of the 
man running it,’ but the most salient challenge to the 
science student still remains to be his own scientific 
laboratory work and observations, carefully guided and 
inspired and accurately recorded by him as part of the 
learning experience.”” Not only are we chemists deeply 
concerned about the quality of our teaching in the lab- 
oratory but also the physicists are likewise disturbed. 
A report of a committee of the American. Institute of 
Physics’ expresses these views: “It is recommended 
that teachers of physics continue to give serious thought 
to the improvement of laboratory instruction in basic 
physics.” Unfortunately, in far too many institutions 
this work is left to the less qualified and uninspiring 
teachers or to the young inexperienced graduate stu- 
dents who are gaining a living by this means while 
working for an advanced degree. These crews of 
teaching assistants in general chemistry are our sales- 
men inservice. They carry into action the promotional 
work of the talented and experienced lecturer. I won- 
der how much training, education, and supervised 


‘Krrx, Raymonp E., The American School Board Journal, 
120, 29 (1954). 

5 CoMMITTEE OF THE AMERICAN INSTITUTE OF Puysics, Physics 
Today, 8, 12 (1955). 
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teaching are given to these young graduates just out rds. 


college before they are placed in charge of laborats 7 
classes. If we are to make the most of these too fq - in 


hours in the laboratory to awaken curiosity, inter 


and desires, should not our very best teaching by q ee 

perienced teachers be in all laboratory classes as well # all a 
in the lecture periods? - 

am 

CURIOSITY IS MOTIVATION ny 7 

This awakening of curiosity is the most importa, “disti 

thing teachers of science can do for students. Warr) the co 


Weaver, as quoted by Gerald Piel,® has said, ‘The moiiglaries 
imaginative and powerful movements in the history @nd dyn 
science have arisen not from plan, not from compulsiosbermit tl 
but from the spontaneous enthusiasm and curiosity @he cond 
competent individuals who had the freedom to thinkhemistr 
about things they considered interesting.” Detlev Wf (2) M 
Bronk’ has expressed these opinions: “Curiosity an$duycatio 
ideas are powerful directive forces in research. . .fhloyed 
There is need for vigorous emphasis on scientific imhyailabl 
quiry as an intellectual adventure of those with unsupff desirec 
pressed curiosity. .. . Scientists will best fulfill thei (3) Pr 
role in universities, if they focus their attention on th&tudies, 
cultivation of the bold adventurous spirit which scienfejences 
tists share with all others who foster lives worth livingships sh 

. . and when man ceases to wonder and wander frothearch f 
necessity and choice, he ceases to ascend in the scale @raduat: 
living things.” ¢ induc 

In what manner are our better teachers and psy§ (4) M 
chologists demonstrating to us ways and means of aroun the | 
ing and developing curiosity in our general chemistrgpy Pon 
students? I do hope that the writers of our generaleyer th 
chemistry texts and laboratory manuals will devotqexampl 
more attention to this motivating trait. Here is alloffers tc 
open field for research and experimentation in thd (5) ( 
teaching of general chemistry. If we can arouse withilfpany 
our students a sufficient degree of curiosity to incit@Would, 


them to greater exploration in science or in any partiqGamble 
cular professional field, be it motherhood or engineering} their pr 
we will have done far more for them than just give then], (6) P 
general chemical information. This is one of our bestfto atte 
“fife insurance programs” for our students. istry ix 

auspice 
INDUSTRY CAN INVEST tion, a1 


Insurance salesmen expect to make a living from the ORGAD 
proceeds of their sales, and the teacher hopes to live 
from the salary which he receives. Must the general] The 
chemistry teacher and his graduate teaching assistants} in 
be content with meager salaries unless they happen to} 8chools 
be doing research or consulting? Society 

One university president summarizes the situation in] the 
this statement: “It is dollars we’re going to need in the Profess 
next few years. Faculty salaries are not large enough ployer: 
to furnish the same buying power that was enjoyed in] the de 
1939, whereas the average citizen in the United States] Does t 
has 57% more. This indicates certainly that a forth-] Portior 
right effort must be made with dollars and not with}young 


hard 
6 Pret, GERALD, Science, 121, 317 (1955). 
7 Bronk, Detiev W., Science, 119, 222 (1954). ie: 
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ords.” I think that he voices the views of all educa- 
onalists. 
If industry and men of means really want to in- 
ease interest in the teaching of the sciences in the 
igh schools, increase the number of chemistry majors 
the colleges, and enrich the beginning course— 
eneral chemistry—, the following are some ways which 
am confident will yield handsome profits and will 
bring many brilliant young men into this profession. 
4 (1) Provide funds for the establishment of ‘“chairs”’ 
importay br “distinguished professorships” in genera] chemistry 
Warn the colleges and universities or provide supplemental 
The M0@alaries for teachers so as to retain the most inspiring 
history @nd dynamic individuals for these classes. That will 
mpulsiofermit them to devote their full time to teaching and to 
riosity @he conducting of research in the teaching of general 

to thinfihemistry. 
etlev Wf (2) Make sufficient funds available to the schools of 
osity alfbducation so that superior science teachers may be em- 
ch. -Ployed and that adequate training materials will be 
ntific itfvailable and researches in teaching may be carried out 
‘h unsupfif desired. 
ufill thei (3) Provide liberal graduate teaching fellowships for 
m on th studies, researches, and practice in the teaching of the 
ch Sclelisciences in the colleges and high schools. These fellow- 
th living, ips should be as lucrative as are the customary re- 
der frotearch fellowships and grants. In this manner, those 
> scale @raduates who are interested in teaching will not then 
e induced to leave teaching for research fellowships. 
ind psyf (4) Make possible the acquisition of savings—money 
of 4rousfin the bank or the purchase of homes. For example, 
hemistr¥pDu Pont is now offering its employees one dollar when- 
-Benerifever the employee saves three dollars. Would, for 
7 devotg example, Du Pont and other companies make similar 
re 1S alfoffers to college professors? 

in the (5) Offering inducements for the purchase of com- 
e withi pany stocks, similar to those offered to employees. 
O incit@Would, for example, General Electric or Procter & 
y partiGamble make similar provisions for the teachers of 
neering their present and future employees? 
ve then (6) Provide funds for chemistry and science teachers 
ur bests attend professional meetings, summer schools, chem- 
istry institutes, and conferences conducted under the 
auspices of this Division, the National Science Founda- 
tion, and others. 
om th ORGANIZED SUPPORT NEEDED 
to live 
yenerall! The American Chemical Society has been quite ac- 
istants| tive in supplying local sections, the press, and high 
pen tofschools with excellent promotional material. The 
Society has been spending thousands of dollars a year 
on the depression-born employment service for use of 
professional chemists and young graduates and em- 
ployers. The employment service came in answer to 
the desires of many chemists in need of employment. 
Does the Society now need to spend such a large pro- 
portion of the cost of its meeting for this activity when 
young graduates and many teachers and chemists are 
_ pushed to turn down all the offers thrust upon 
them? 
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There was a time when the schools were not prepar- 
ing young men suitable for employment as chemists, 
and the Committee on Professional Training was or- 
ganized. This committee has done and is doing very 
valuable and excellent work for the profession. But in 
many ways has it not now become something like a 
regulatory body? The mere fact that a school has so 
many chemistry professors of certain training and a 
satisfactory laboratory is no assurance that the students 
will leave their general chemistry classes with a burn- 
ing desire to become like their chemistry professor or 
even an urge to learn more about the science. Much 
more than this is needed. 

These were problems of yesteryears. The problems 
of today are different. If we are to sell chemistry to 
college boys and girls, our Society should put consider- 
ably more funds into this work than it is now doing 
and spend greater efforts, not only in propaganda to 
get students into general chemistry, but also by having 
better teachers and more of them in the beginning 
course. How can we expect the many young men who 
daily must meet the demands of their graduate courses 
to become, overnight, inspiring and effective teachers? 
More psychologists are employed to influence us to buy 
a certain brand of soap or shaving cream, to operate a 
tank, or to train men to become good soldiers or sailors 
than ever to become good scientists. Why not obtain 
the services of a firm of competent psychologists to 
help the Society and officials of colleges and universities 
to determine more effective and efficient ways and 
means of achieving the most inspirational instruction? 
It is now time and the need is sufficiently pressing for 
the American Chemical Society to use its effort to ob- 
tain funds and to divert some of its present expenditures 
into ways and means of obtaining more effective teach- 
ing in this most important course—General Chemistry. 

The Chemistry Institutes and Conferences were 
established to enable teachers of chemistry to meet to- 
gether for the exchange of experiences, to be informed 
about the newest developments in chemistry, and to be 
restimulated, for the same reasons the big insurance 
companies bring their salesmen together. To date the 
Society has approved this work but has not given any 
financial assistance. I think it is time that our Society 
should provide sufficient funds to adequately ad- 
minister and promote this activity as a long-range pro- 
gram. 


“I AM THE GENERAL CHEMISTRY TEACHER" 


I wish to close with some quotations from “I Am 
the Science Teacher” by James R. Irving. With 
apologies to Mr. Irving, I choose to alter the title 
slightly. 


’ Somewhere in America, today, I plant an idea that may well 
influence our civilization twenty, thirty, forty, fifty years from 
today .. . maybe, just a few years from now. 

Somewhere in a classroom this morning or perhaps this after- 
noon in a laboratory, I am guiding a thought or a hand that will 
someday hold the surgeon’s scalpel. 

Somewhere in a school, today, my own love for my subject 
might well cast a spark into the tinder of a boy’s or girl’s mind. 
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He or she, too, will then reap the boundless satisfaction from ex- 
amination and study of the world around them. .. . 

Somewhere among the laboratory benches of our nation’s 
schools, as we . . . watch the brilliant flash of magnesium ribbon, 
I alone am responsible for the degree of impact of these experi- 
ences upon the observer’s mind . .. whether they care about it . . . 
whether they remember a part of it . . . whether it’s just another 
“laboratory exercise.”’ 

Somewhere, today, in one of America’s classrooms, I have the 
privilege of enhancing young people’s awe and reverence for a 
Supreme Power—God—in whose image they are created... . 

Somewhere, today, I am guiding the learner’s mind to the 
beautiful realization that scientific progress is evolutionary rather 
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than revolutionary in character . . . that nuclear energy conce 
of this moment began with Thales’ observation 556 B.c., ay 
before . . . that each searcher for the Truth slowly and laborious 
adds his bit to the Log of Truth until periodically, one of us| 
given insight into the cumulative value of such isolated obsery 
tions—and ways of the universe are changed overnight. . . . 

Somewhere, today and every day, mine is the constant thrill 
having to completely change my own thinking because of « ne 
discovery in the research laboratories of the world. Mine is th 
satisfaction of a dynamic teaching life—a mind constantly j 
quest of the Truth. ... 

Somewhere, today boys and girls will love science. 


I am the General Chemistry Teacher! 


@ A GRAPHICAL METHOD FOR DETERMINING 
THE ORDER OF HOMOGENEOUS REACTIONS 


Ina given chemical reaction it is possible to calculate 
from classical thermodynamics the energy change and 
equilibrium conditions of a system undergoing chemical 
change; however, only actual experimental data will 
provide means for determining the kinetics or “order” 
of a reaction. The kinetics is usually studied by find- 
ing the order with respect to each reactant; the sum is 
then taken as the over-all order of the reaction. 

The order with respect to a particular reactant may 
be found by a variety of published methods, of which 
the two best known are: (a) substituting the kinetic 
data into the equations for integral ordered reactions; 
and (b) constructing a graph of the rate versus time, 
the slope being the reaction order. The first method is 
limited to integral orders, whereas a great many re- 
actions have been found to be of fractional order; 
thus, the method loses in versatility what was gained in 
simplicity. The graphical method referred to in 
(b) above is widely used at present, but its use requires 
an extensive amount of data and involves approximat- 
ing the instantaneous rate of reaction at each time. 

An interesting new graphical method was published 
recently by C. R. Noddings.* In this method a graph 
of per cent reacted versus a function of time (the frac- 
tion of the amount of time required for 90 per cent 
conversion) was plotted with whole and half integral 


1 Present address: Multiple Fellowship of Gulf Research & 
Development Company, Mellon Institute, Pittsburgh, Pennsyl- 
vania. 

? Applied Research Laboratory, U. 8. Steel Corporation, Mon- 
roeville, Pennsylvania. 

* Noppinas, C. R., Chem. Processing, 16, No. 11, 63 (1953). 


J. H. WRIGHT, J. H. BLACK, and 
JAMES COULL 
University of Pittsburgh, Pittsburgh, Pennsylvania 


orders as parameters. Although this particular method 
is fast and accurate, it is necessary to have the times 
required for conversion of 90 per cent and some other 
consistent fraction. Obtaining data at exact per- 
centage conversion will usually involve interpolating 
between successive determinations. 

The method proposed in this paper requires a knowl- 
edge of the fraction reacted at two different intervals 
of time, and that the fractions converted must differ 
by at least 20 per cent. 


REVIEW OF CLASSICAL KINETICS 


First Order. Two differential equations for a first 
order homogeneous reaction have appeared indis- 
criminately in the literature as follows: 


dN 
) 
di kN (1) 
ac = kC, where C = y (2) 


~ dt V 


It is obvious that, unless the reaction is conducted at 
constant volume, the two equations are not equivalent. 
Benton‘ has clarified this point by showing that the 
proper form for the first order reaction is equation (1) 
above. 

Similarly, the differential equations for other in- 
tegral orders with respect to a single component h:ve 
been shown! to be: 


‘ Benton, A. F., J. Am. Chem. Soc., 53, 2984 (1931). 

5 Suerwoop, T. K., anv C. E. Reep, “Applied Mathematics in 
Chemical Engineering,’’ McGraw-Hill Book Co., Inc., New York, 
1939, pp. 53-67. 
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‘ZY conce 

. B.c., a Second Order: sion (at least 20 per cent apart). The method is ex- 
aborious dN j i : 

ed obsery; ‘ Experimental data: f t 

“ae Third Order: 1 40 23.5 min. 

ant thrill, _aN y-f = kC 2 68 65 min. 

Mine is (1) Assume the reaction is first order and obtain mt; = 0.54 

nstantly DERIVATION OF REACTION ORDER EQUATION from the graph for f, = 40 per cent. (This value may also be 


calculated from equation (7).) 
In general it is proposed that the differential equation (2) Next, the first approximation to m is calculated from 4, = 


or 2 homogeneous reaction, the rate of which is con- 23-5 to be 0.023, ; at } 
(3) This first estimate of m is multiplied by & (65 min.) to 


trolled by a single component, be written: obtain mi = 1.493. 
dN k NC» 1 2 (4) The point of intersection is found between f = 68 and 
ae : (5) mt, = 1.493. The result is the first approximation to n (1.41). 


’ : ; (5) This value of n is used to obtain a more accurate value of 
where n is the order of the reaction with respect to the —m from f; and ¢; using either the graph or equation (7). Now, m 
limiting component. is found to be 0.0242. 


Substituting a function of the fraction converted for (6) The new value of m is used along with fz and ¢z to obtain 
a better approximation of n using the point of intersection be- 


d the number of molecules present, N=No (1-f) and tween f. and mlz. The value of n is found to be 1.58 in this ex- 
S dN =—Nodf, the result is: ample. 
Nodf — _(7)_ A third trial might be used if the assumed order of reac- 
=o. (6) tion and that found in Step 6 differ significantly. In this ex- 
ample, a third trial gives n = 1.60 and a perfect check. 
For a reaction conducted isothermally and at con- 
stant volume, equation (6) may be readily integrated CONCLUSIONS 

__ J to obtain equation (7): A method, combining accuracy, simplicity, and speed, 
yania a—f-*-1 a ____ has been presented for determining the order of isother- 
(7) mal, isometric, homogeneous reactions. This method 


hould prove useful in determining the order of non- 
If equation (7) is represented graphically by plotting inte ral as well as integral ordered homogeneous re- 
methoc J versus mi with n as a parameter, not restricted to tien. A graph is Sealed which facilitates the 
time#integral values, the resulting chart may be used for 
otherf the rapid and accurate determination of order. The 
ct per-ffunction may be evaluated for the case of n = 1 by 
olating} the application of L’Hopital’s rule for indeterminates. este 

The reaction rate constant may then be found knowing =~ 
knowl the values of n and m. It is important to note that k 
itervals{ has the same dimensions as Cy!~"; therefore, m is di- = Volume 
t differ} mensionless, { 


Fraction of a single reactant converted to product 
Reaction rate constant 

DETERMINATION OF ORDER m = Reaction modulus = k(o"~' 
a order or correlating parameter 

Only two points of data are needed. These are the ‘ me 

a first] times required for two specific percentages of conver-  ° = Subscript refers to initial conditions of N, C, V, and ¢ 


= 


indis- 
100 TT == 
PAZ — — 
it the} 8 = 
t t 
nave ! 
: 
tics in a4 as 12 14 16 2.0 22 24 26 28 30 
York, mt 
Equation (7) 
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Is 4 recent column? Mysels has exposed to light the 
confusion between the laws of reaction rates and of 
equilibrium existing in most textbooks. It may be 
appropriate to supplement this article by exposing the 
falsity of certain statements commonly found in these 
same textbooks,’ relating to the historical side of these 
matters. Statements to the effect that Guldberg and 
Waage in 1867 clearly formulated in the law of mass 
action the fundamental relationship between velocity 
and concentration and that according to this law the 
velocity of a reaction at constant temperature is 
proportional to the product of the concentrations of 
the reacting substances, are frequently found but are 
incorrect and misleading. 

I shall first sketch the early history of kinetics, then 
the early history of equilibrium. I shall conclude by 
describing the contribution of Guldberg and Waage. 


KINETICS 


In 1850 Wilhelmy‘ showed that the inversion of su- 
crose is first order with respect to sucrose and first 
order with respect to strong acid. It is important to 
observe that the second fact could not be predicted 
from the stoichiometric equation for the reaction. 

In 1866 Harcourt® showed that the reaction between 
H,0, and HI is first order with respect to H,O. and 
first order with respect to iodide. Here again it is 
important that the second fact could not be predicted 
from the stoichiometric formula 


H.0; + 2HI — 2H,0 + I; 


In 1877 van’t Hoff® discussed the esterification 


1 Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, Chemistry Depart- 
ment, University of Southern California, Los Angeles 7, Cali- 
fornia. Contributors of discussions in a form suitable for pub- 
lication directly will be acknowledged as guest authors. 

* MyseE ts, Karou J., J. Cuem. Epuc., 33, 178 (1956). 

5 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be pre- 
sented. 

4 WitHEtmy, L., Ann. Phys. & Chem., 157, 413 (1850). 
5 Harcourt, A. V., J. Chem. Soc., 20, 460 (1867). 
® Van’? Horr, J. H., Ber., 10, 669 (1877). 


dissociation of NH2-CO.NH,. 


TEXTBOOK ERRORS: GUEST COLUMN 


IX: More About the Laws of Reaction 
Rates and of Equilibrium 


E. A. GUGGENHEIM 
University of Reading, England 


equilibrium as a balance between two opposed reac- 
tions. 

In 1884 van’t Hoff’ quoting Pfaundler, whose pub- 
lished work I have been unable to trace, gave a kinetic 
treatment of both rates and equilibrium. After deriv- 
ing kinetic formulas for rates of all orders he mentions 
that experimental reaction rates are almost always uni- 
or bimolecular. He quotes as an example that the rate 
of 


4PH; — P, + 3H2 


is first order. 

It is possible that there are relevant publications by 
van’t Hoff between 1877 and 1884, but I have not been 
able to trace them. 

The important point, already stressed in Mysels 
article, that the kinetic behavior of a particular reaction 
must be determined experimentally and cannot be 
predicted from the stoichiometric formula was better 
appreciated by Wilhelmy, Harcourt, and van’t Hoff 
than by many subsequent writers, especially writers of 
textbooks. 


EQUILIBRIUM 


In 1873 Horstmann’ gave a correct thermodynamic 
derivation of the equilibrium conditions for the disso- 
ciation of CaCO; and that of PCl;, including their tem- 
perature dependence, treating the vapor as a perfect 
gas. In 1877 Horstmann® gave a correct thermo- 
dynamic derivation of the equilibrium conditions for the 
Horstmann’s treat- 
ment of these equilibria is applicable to any other 
equilibrium involving perfect gases. It is rather cum- 
brous because free energy was not yet invented, and 
the reasoning is in terms of energy and entropy, but 
apart from this matter of presentation the reasoning 
cannot be improved on. 

There is little to add to Horstmann’s exposition 
except its extension to solutions. This extension is 
closely tied to van’t Hoff’s treatment of dilute solutions 
and Gibbs’ more powerful analytical approach. 


7 Van’? Horr, J. H., “Etudes de dynamique chimique,”’ 1884. 

8 HorstMann, A., Ann. Chem. & Pharm., 170, 192 (1873); 
Ostwald’s Klassiker, 137. 

® Horstmann, A., Verhand. Naturhist-Med. Ver. Heidelberg 
1 (5), 465 (1877); Ostwald’s Klassiker, 137. 
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CONTRIBUTION OF GULDBERG AND WAAGE 


Waage was professor of chemistry in Christiania 
(Oslo), and his brother-in-law Guldberg was professor 
of mathematics in the same university. Although they 
published jointly,’ the chemistry and the mathematics 
may to a large extent be separated. 

The most important contribution was experimental 
proof that in an incomplete reaction a definite equilib- 
rium is reached and can be approached from either 
direction. Almost all the experiments were on hetero- 
geneous systems containing solid phases and an aqueous 
solution. No experiments appear to have been made 
on systems containing gases. 

From the outset the authors were confident that the 
condition for equilibrium at a given temperature should 
be expressible mathematically in terms of the concen- 
trations (which they called!! “active masses”). But 
the formulation of this condition was gradual, em- 
pirical, and slow. The published papers, spread over 
the period 1864 to 1879, covered about two hundred 
pages, and it is possible to give here only a brief outline 
of the development of the authors’ ideas. 

In 1865 Guldberg and Waage stated their law of 
“mass action,” namely, The driving force for a substitu- 
tion is under otherwise equal conditions directly propor- 
tional to the product of the masses each raised to some 
definite power, and, together with it, their law of 
“volume action,” namely, When the same mass of a 
reacting substance is present in different volumes, the effect 
of this mass is inversely proportional to the volume. There 
are several comments to be made on this formulation. 
First, the formulation as two distinct laws is peculiarly 
abstract and could of course be replaced by a single 
law of concentration action. Second, the “definite 
power” to which a concentration was to be raised was, 
as we shall see, not an integral power deducible from 


 GutpBere, C. M., anp P. Waaae, Forh. Vid. Selsk. Chris- 
tiania, 35, 92,111 (1864); ‘Etudes sur les affinites chimiques,”’ 
Christiania, 1867; J. Prakt. Chem., 19, 69 (1879); Ostwald’s 
Klassiker, 104. 

C. M., P. WaaGeE, Ostwald’s Klassiker, 104, 
16, 


the equation of the reaction, but an empirically deter- 
mined, usually irrational, number. They even sug- 
gested that effectively complete reactions were due to a 
high ratio of the indices (for example: 150:1) occurring 
in the products relating to the forward and backward 
reactions. Third, the statements are concerned with 
driving force and do not mention rate of reaction. 
Guldberg and Waage tentatively suggested that the 
rate may be proportional to the driving force, but their 
study of rates was extremely sketchy. 

The shifting attitude of Guldberg and Waage toward 
the mathematical formulation of the equilibrium condi- 
tion can be illustrated by quoting their successive 
expressions for the ester hydrolysis equilibrium, 


EtOAc + HOH = HOAc + EtOH 
studied experimentally by Berthelot and Saint-Gilles. 
In 1864 they expressed the equilibrium condition as: 
(HOAc)(EtOH)?-78¢ 
(EtOAc)*-*46( HOH 
In 1867 they replaced this by the more complicated 
empirical relation: 


(HOAc)(EtOH) + 0.01843(HOAc)(EtOAc) + 
0.00626(HOAc) (HOH) = 0.2372(EtOQAc)(HOH) + 
0.0372(EtOH (EtOAc) + 0.00723(EtOH)( HOH) 
In 1879 they at last adopted the simple relation pub- 
lished by van’t Hoff two years earlier: 
(HOAc)(EtOH) _ 1 
(EtOAc)((HOH) 


= 0.502 


To sum up, to Guldberg and Waage belongs the 
credit of being the first to appreciate qualitatively the 
nature of a balanced reaction. But they did not 
succeed in correctly formulating a quantitative expres- 
sion for the equilibrium condition until six years after 
Horstmann had done so for gases and two years after 
van’t Hoff had done so for the ester hydrolysis. They 
made no significant contribution either experimental or 
theoretical to our knowledge of kinetics. 


12 BERTHELOT, M., anp P. Satnt-Gittes, Ann. chim. Phys., 
68, 225 (1863). 


SYMPOSIUM ON THE FOUR-YEAR CURRICULUM IN CHEMISTRY 


Tue Committee on Teaching of the Division of Chemical Education has proposed a symposium 
on the four-year chemistry curriculum for the fall meeting of the American Chemical Society in 
September, 1957, at New York. The Chairman, Leallyn B., Clapp, Chemistry Department, 
Brown University, Providence 12, Rhode Island, is anxious to hear from anyone interested in 
participating in this symposium. Reports of new ideas for the curriculum that are being discussed 
or tried experimentally are particularly welcome. ° 


| 
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* HERMAN BOERHAAVE 


Borrnaave was unquestionably the best-known 
physician of his time. It is stated that a letter sent 
from the Far East, addressed to Boerhaave, Europa, 
reached its destination. He was born on December 31, 
1668, at Voorhout near Leiden. He studied at the 
University of Leiden where he received his Ph.D. 
degree end at the University of Harderwijk (abolished 
by Napoleon around 1810) where he obtained his M.D. 
degree. In 1709 he became professor of medicine and 
botany at Leiden and in 1718 he also became pro- 
fessor of chemistry, for which he was well qualified 
having previously given private courses in this subject 
for 14 years. He died on September 24, 1738, in his 
seventieth year. 

Of his medical works, the “Institutiones medicae’’ 
were published in 1708 at Leiden and his “‘Aphorismi de 
cognoscendis et curandis morbis,’’ the following year 
at Leiden. His collected works came out at The 
Hague in the year he died. 

To chemists, Boerhaave is best known for his ‘‘Ele- 
menta Chemiae,” first published at Leiden in 1732 


Re 


de. 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


and issued in more than 30 editions. How he came to 
write this text which made him famous in all civilized 
countries has been told in TH1s JoURNAL and elsewhere 
(1) and need not be repeated here. Boerhaave gives 
an interesting account of his medical predecessors 
Paracelsus and van Helmont. The English version 
of this has been reprinted in an early issue of Tus 
JOURNAL (2). 

Boerhaave’s original contributions to chemistry are 
few in number and his experiments gave only negative 
results. They are, however, recorded in his collected 
works in two articles, ‘de mercurio” (3). Boerhaave’s 
work consisted of carefully repeating experiments 
described by Geber, Hollandus, van Helmont, and 
Becher. On November 15, 1718, he started by heat- 
ing a pound of mercury at 100°F. in a long-necked 
flask closed by paper. He continued the heating for 
more than 15 years until May 23, 1734, at which time 
he found the mercury unchanged, contrary to the 
assertions of the alchemists that mercury changes its 
nature upon heating. Only then did he feel justified 
in proclaiming the unchangeability and the elementary 
nature of mercury. 

He sent his results and the following statement to 
the Academy of Sciences at Paris, of which he was a 
corresponding member: 


It is up to you, very learned men, to judge on the utility and the 
truth of this research, to which I have devoted part of my spare 
time, in order that you may have occasion to do more serious 
work. I trust to have rendered a service also, to students of 
chemistry so that they may not become so readily victims of the 
silly science of modern alchemists who have really nothing good 
and nothing useful to offer. 


In order to judge the caliber of the work done in 
those days it should be remembered that in Boerhaave’s 
time balances and thermometers were still considered 
curiosities in a chemical laboratory (4). As a novelty 
Boerhaave used to show his students a thermometer 
made for him by Fahrenheit (1686-1736), who was 
born in Danzig (Germany) but spent most of his adult 
life in Holland. A few sketches of Fahrenheit’s ther- 
mometers appear in the ‘“Elementa Chemiae”’ and have 
been reproduced in TH1s JouRNAL (4). 

Every student of the history of chemistry is familiar 
with Wurtz’ famous statement regarding Lavoisier as 
the founder of modern chemistry. Thorpe (6) has 
paraphrased this by saying: ‘Chemistry is an English 


Science—its founder was Cavendish, of immortal 
memory.” Scott (7) goes further back and mentions 
Backer (8) goes still further back 


Black as founder. 
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and proclaims Boerhaave to have been the inaugurator 
of the period of scientific chemistry. 

Boerhaave’s reputation was such that he drew 
students from all parts of Europe to Leiden. His 
fame was so great that even Czar Peter the Great 
(1672-1725) while working as a shipwright at Zaandam 
frequently went to Leiden for lessons or advice from 
Boerhaave. Boerhaave’s most famous pupil, Gerhard 
van Swieten, being a Catholic was not permitted to 
succeed him and left Holland as soon as he was 
called to Vienna by the Empress Maria Theresa. In 
Vienna he established a medical faculty based on the 
example of his alma mater. Boerhaave’s successor 
was Gaub (1704-80), a man of lesser stature but pre- 
sumably a good Protestant. 

The print that accompanies this article brings out 
Boerhaave’s striking features somewhat better than 
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either the reproduction of the painting by Aert de Gelder 
which appeared in THIS JOURNAL in 1933 (9) or the 
reproduction of the picture in profile in 1942 (10). 
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Every teacher of an experimental science can recall 
many instances of a lack of manual skills among science 
students, and sometimes among science teachers. 
Sketches and line drawings are often so poorly done 
that oral interpretations are necessary. A craftsman 
receiving a sketch often becomes completely baffled 
for good reason. Textbooks are not exempt as is often 
shown by poor and sometimes misleading line drawings. 
Failure to understand the care and uses of ordinary 
laboratory equipment and tools often results in great 
loss of time and costly equipment. 

To overcome such apparent shortcomings and to 
establish a sensible attitude toward such skills our 
department planned two service courses of two semester 
credits each for the freshman year: science drawing 
and laboratory arts. 

The fundamental principles of the science drawing 
course are patterned after standard engineering draw- 
ing procedures but the applications are directed to 
chemical rather than to engineering projects. We are 
satisfied after three years’ experience that this course 
has accounted for more orderly arrangement of data 
and for better application and appreciation of graphical 
expression. 

The course in laboratory arts is designed to help the 
student understand and appreciate the problems of 
maintenance of laboratories and the skills of craftsmen 


1 Based on a paper presented at the Delaware Valley Meeting 
o! the American Chemical Society, Philadelphia, February, 1956. 
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in working with glasses, woods, metals, and plastics. 
We try to impress upon the student that we are not 
attempting to develop craftsmen but rather to develop 
a degree of craftiness in dealing with craftsmen. 
Guided tours are taken through several laboratories, 
balance rooms, offices, storerooms, and the shop. 
Maintenance problems are discussed critically in each 
place. The laboratory work is chiefly standard glass- 
working practice. Shop practice is largely confined to 
demonstrations of the care and uses of hand and power 
tools. By special arrangement with the mechanical 
engineering department the class can also observe a 
variety of demonstrations and audio-visual material 
presented to engineering students. 

Our observations indicate that students will much 
more appreciate the value of these courses while in 
advanced-undergraduate and graduate courses, doing 
research in graduate schools or in industry, or while 
engaged in laboratory teaching. 

For help in developing the courses we are indebted to 
the Rev. John J. Vrana, O.S.A., and Prof. William C. 
Hampton of engineering drawing, and Prof. William M. 


’ Gorman of shop practice, all of the mechanical engi- 


neering department. We are also indebted to our 
department mechanic, James Shea, for providing 
illustrations in maintenance problems and construction 
of equipment. The authors invite critical suggestions 
and will gladly supply course outlines and reference 
works to interested teachers. 
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ANTECEDENTS TO THE BOYLE CONCEPT 


OF THE ELEMENT’ 


Donrine the present century the definition of the ele- 
ment has become stabilized to mean a substance whose 
atoms all have the same atomic number. In order to 
arrive at this kind of a precise definition it was neces- 
sary for chemists not only to be willing to accept an 
atomic theory of matter, but also to deduce sufficient 
information about the nature of atoms as to realize the 
physical validity of atomic numbers. 

Prior to the recognition of atomic numbers, chemists 
had found it necessary to content themselves with a 
more crude operational definition, brought into popu- 
larity by Lavoisier, and based upon chemical analysis. 
During this period the element was any substance which 
could not be further simplified by chemical operations. 

The imprecise nature of this working definition is re- 
vealed by the numerous changes in the list of elements 
which took place from the publication of Lavoisier’s 
“Traité Elémentaire de Chimie” in 1789 up to the be- 
ginning of the present century. The list in the ‘“‘Traité” 
contained 33 “elements,” including light and caloric 
(heat). Lavoisier held some reservations regarding the 
elemental nature of some of these substances, and 
rightly so, for our present list of elements carries only 24 
of those in Lavoisier’s list. To his credit it must be 
pointed out that seven of the deletions represent com- 
pounds like magnesia, alumina, and the “radical bora- 
cique”’ which subsequently yielded new elements. 

The uncertainty regarding the assignment of ele- 
mental status to a substance, which plagued chemists 
throughout the next century, is revealed repeatedly in 
the announced discovery of pseudo-elements. The 
“uranium” announced in 1789 by Klaproth*® was shown 
by Peligot‘ a half century later to be an oxide. The 
numerous uncertainties in the unraveling of the rare 
earth elements further illustrate the problems.5 De- 
spite these difficulties, the serious use of such a concept 
was a boon to the development of chemistry. 

The concept of elements placed into operational ap- 
plication by Lavoisier actually had been known for 
more than a century and is commonly associated with 


1 Presented before the Division of History of Chemistry at the 
129th Meeting of the American Chemical Society, Dallas, April, 
1956. 

2 This study was supported by a summer research appoint- 
ment made possible by funds from the DuPont grant-in-aid to 
the University of Wisconsin chemistry department. 

3 Kuaprotn, M. H., Crell’s Chem. Ann., 12, 387 (1789). 

‘ Peticot, E., Compt. rend., 13, 417 (1841). 

5 Werks, M. E., “Discovery of the Elements,’’ 5th ed., J. 
Cuem. Epuc., Easton, Pennsylvania, 1945, pp. 414-35. 
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Boyle. In his ‘Sceptical Chymist,”’ Boyle attributed 
to his spokesman, Carneades, the statement: ® 


And, to prevent mistakes, I must advertise you, that I now 
mean by elements, as those chymists that speak plainest do by 
their principles, certain primitive and simple, or perfectly un- 
mingled bodies; which not being made of any other bodies, or of 
one another, are the ingredients of which all those called per- 
fectly mixt bodies are immediately compounded, and into which 
they are ultimately resolved. 


The statement actually had little influence in Boyle’s 
own time or in the decades immediately following, but 
a century later it formed the point of departure for 
Lavoisier and his followers in laying the foundations of 
chemistry.’ It is even doubtful that Boyle believed in 
the existence of the kind of elements thus defined, for 
the statement of Carneades continues: 

Now whether there be any such body to be constantly met 


with in all, and each, of those that are said to be elemented 
bodies, is the thing I now question. 


There is, however, no doubt that there were chemists 
who accepted the existence of such elements in his time 
and earlier. Boyle’s purpose in the book was to ques- 
tion the elemental nature, within Carneades’ definition, 
of the commonly accepted elements of the Aristotelians 
(fire, air, water, earth) and of the Paracelsians (sulfur, 
mercury, salt). He was unwilling to decide that any 
known substance was clearly elemental and nowhere in 
the book, or in his many other works, did he clearly sug- 
gest any substance that should be considered an ele- 
ment. In fact, he always went to great pains to dis- 
prove the elemental nature of well-known substances, 
as is the case in his very rare book, ‘An Historical Ac- 
count of the Degradation of Gold,’’® where he allegedly 


6 R., Sceptical Chymist,’’ printed by J. Caldwell 
for J. Crooke, London, 1661, p. 350. Since there have been 3 
number of erroneous statements to the effect that the definition 
did not appear until publication of the second edition of 1679/80 
it is perhaps in order to emphasize the identical wording in bot |i 
first and second editions (p. 354). The widely available Every- 
man’s Library reprint of the second edition has the statement on 
page 187. 

7 Davis, T. L., Isis, 16, 82 (1931). 

8 Note the part of the definition which reads, “as those chy- 
mists that speak plainest do by their principles. ...’’ This part 
of the quotation has frequently been replaced by (. . . ) when 
quoted, thus contributing to the common belief that this concept 
of elements was original with Boyle. 

® Borie, “An Historical Account of the Degradation of 
Gold,’”’ printed by H. N. for Henry Herringman, London, 1678, 
17 pp. See S. A. Ives anp A. J. Inve, J. Cuem. Epuc., 29, 24 
(1952). Also in ‘“‘The Sceptical Chymist,’’ Everyman’s Edition, 
p. 215 f., Boyle alludes to the degradation of gold. 
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succeeded in obtaining silver from gold. It has been 
shown by Kuhn” that Boyle was unwilling to accept 
any substance as elemental other than a prima materia. 

This study of Kuhn and recent studies of Boas'! have 
shown that while Boyle’s interests were primarily 
chemical, his thought was dominated by the advances 
in physics taking place in the seventeenth century. Like 
Newton, he hoped to explain chemical phenomena in 
terms of mechanical behavior. A corpuscular or atomic 
philosophy lent itself to this sort of approach, and Boyle 
convinced himself that differences in properties might 
be explainable in terms of relative motions of corpuscles 
rather than in terms of innate differences in the sub- 
stances themselves. In this way it would be possible to. 
succeed with a single primary matter, and Boyle appar- 
ently saw no need to include others. 

It has been clearly established that Boyle was a cor- 
puscular philosopher. That he was familiar with the 
atomic ideas of such predecessors as Van Helmont and 
Sennert is shown by repeated references to them in ‘The 
Sceptical Chymist.”” Their thoughts in turn were based 
upon atomic speculations harking back ultimately to 
the Epicureans. Atomism, while not popular in the 
middle ages, was nevertheless discussed in the works of 
Isadore of Sevelle (560-636), the Venerable Bede 
(672-735), Hrabanus Maurus (776-856), Al-Razi (d. 
ca. 924), and Maimonides (1135-1204).'? William of 
Conches (1080-1154) openly taught the atomic ideas 
of Democritus and Epicurus. Lucretius’ great poem, 
“De rerum natura,” existed in manuscript in several 
Western libraries and was known to Nicolas of Cusa. 
It was printed in, 1473 and again in 1486, hence was one 
of the ancient Latin works to attract the attention of 
the Renaissance humanists. As such it helped to plant 
the ideas which were to figure so prominently in the sev- 
enteenth century reaction against Aristotle. Fracas- 
toro, Ramus, and Bruno reflected these ideas in the six- 
teenth century. Their primitive and speculative seeds, 
minima, and corpuscles gained adherents in the next 
century, adherents such as Gassendi, Sennert, Van 
Goorle, Basso, Sperling, Jungius, and Charleton. The 
atomic speculations of these men laid a background 
which directly and indirectly influenced Boyle and 
Newton in their corpuscular philosophies. 

The influence of atomic ideas on Boyle in the develop- 
ment of his attitude toward elements has been ade- 
quately examined elsewhere! and there is no need to 
pursue it further. There is, however, a related and 
somewhat parallel development of ideas which had an 
influence on the rise of the concept of the element in the 


‘© Kuun, T. S., 7sts, 43, 12 (1952). 

1! Boas, Marie, /sis, 41, 261 (1950); Osiris, 10, 412 (1952). 

 Lasswitz, K., 
bis Newton,’’ Verlag von Leopold Voss, Hamburg and Leipzig, 
2 vols., 1890, Vol. 1, passim. S. Pings, “‘Beitrage zur Islamischen 
Atomslehre,’’ Heine, Grifenhainichen, Germany, 1936. 

18 Kuun, loc. cit. Boas, loc. cit. A. G. VAN MELsEN, “From 
Atomos to Atom: The History of the Concept Atom,’’ trans- 
lated by H. J. Koren, Duquesne University Press, Pittsburgh, 
1952, Part 1. G. B. Sronsgs, Jsis, 19, 444 (1928). R.Hooyrkas, 
Chymia, 2, 65 (1949). 
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seventeenth century. This development is connected 
with a growing skepticism regarding (1) the role of the 
four elements in explaining the nature of the universe, 
and (2) the possibility of transmuting one metal to an- 
other. 


CHANGING COSMOLOGIES 


Ancient and medieval systems of the universe fol- 
lowed Aristotle in utilizing the four elements along with 
a perfect fifth element, the quintessence. Earth, consid- 
ered absolutely heavy, formed the sphere of earth at the 
center of the universe. This was surrounded in turn 
by the sphere of water (the relatively heavy element), the 
sphere of air (relatively light), and fire (absolutely 
light). Beyond the sphere of fire came the spheres of the 
moon and the other planets, all made up of the quintes- 
sence. Since the quintessence was a perfect element, 
changes could not take place beyond the sphere of fire. 

Philosophers, of course, encountered the troublesome 
fact that the sphere of earth was not perfectly sur- 
rounded by that of water. This had necessitated ad- 
justments in the medieval cosmology, suggesting that it 
was necessary for the sphere of earth to extend through 
the sphere of water in order to provide a home for man. 
This might be explained if, instead of the spheres being 
concentric, they were eccentric. In this way one side 
of the earthly sphere might be exposed sufficiently to 
provide for man’s needs while the other side was deeply 
submerged. The voyages of exploration in the fifteenth 
and sixteenth centuries revealed, however, that land 
masses were to be found exposed on the other side of 
the globe, hence the satisfying sphere hypothesis was 
becoming untenable. 

A new blow was suffered in 1572 when a nova flared 
forth in the constellation Cassiopoeia, attracting the 
attention of Tycho Brahe and other astronomers. Very 
soon it was shown to be more distant than the lunar 
sphere. It had burst into brilliance, not in the sphere 
of fire, but in the quintessence! Another blow oc- 
curred in 1577 when a brilliant comet also proved to be 
beyond the limits of the sphere of fire. 

Such men as Peter Ramus, Jerome Cardan, onl Ty- 
cho Brahe found it necessary to reject fire as an element, 
simultaneously discarding the sphere of fire between 
those of the air and the moon. Jean Pena even denied 
the existence of the celestial spheres and went so far 
as to suggest that the sphere of air extended outward to 
the fixed stars, thus even eliminating the fifth element."* 

Although chemical elements appear to have little 
relationship to the motions in the heavens today, it 
must be remembered that this was not true during the 
Renaissance. A system of elements was an integral 
part of the traditional system of the heavens. Thus, 
when the Ptolemaic system collapsed in the seventeenth 
century it was natural that the concept of the ancient 
elements would likewise lose some of its authority and 
become the subject of attack. 


“History of Magic and Experimental 
1923-— 


14 THORNDIKE, L., 
Science,’’ Columbia University Press, New York, 6 vols., 
41, Vol. 6, pp. 83, 351. 
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DOUBTS ABOUT TRANSMUTATION 


Alchemy was held in distaste by many churchmen, . 


intellectuals, and princes throughout much of its his- 
tory, but generally on account of the fraud and deceit 
connected with it rather than for any intellectual 
doubts regarding its goal. Despite the general ac- 
ceptance of the possibility of transmutation, there were 
a few who spoke out against it because of a disbelief in 
the possibility of changing metals from one species to 
another. 

An early doubter was the Arab physician, Ibn Sina, 
known to the Latin world as Avicenna. In his ‘“‘Kitab 
al-Shifa” (Book of the Remedy) he dealt with various 
aspects of medicine, including chemistry. The chemical 
portion of the work was translated into Latin late in the 
twelfth century by Alfred of Sareshel as “De minerali- 
bus” or “De congelatione et conglutinatione lapidum.” 
It somehow became appended to the Latin translation 
of Aristotle’s ‘“Meteorologica’”’ and came to be accepted 
as a work of Aristotle. Holmyard™ has demonstrated 
that the work truly derives from the “‘Shifa.”’ 

Ibn Sina’s early writings are indicative of a belief in 
alchemy, but he evidently became skeptical with age. 
In the ‘Kitab al-Shifa,” which is a product of his later 
years, he said:!6 


As to the claims of the alchomiets, it must be clearly understood 
that it is not in their power to bring about any true change of 
species. They can, however, produce excellent imitations, 
dyeing the red [metal] white so that it closely resembles silver, 
or dyeing it yellow so that it closely resembles gold. . . . Yet in 
these [dyed metals] the essential nature remains unchanged; 
they are merely so dominated by induced qualities that errors 
may be made concerning them, just as it happens that men are 
deceived by salt, galgand, sal-amoniac, etc. 


Two centuries later Albertus Magnus was writing in 
a somewhat similar vein. There are numerous alchem- 
ical works ascribed to this author, most of them fabrica- 
tions of a later period. Hence, his real position is be- 
clouded by writers who merely used his name to gain 
acceptance for their own views. Albert’s real position 
on chemistry is seen in ‘“‘De mineralibus,” a work about 
whose authorship there is no question. 

In this work Albert considered metals to be distinct 
species without being entirely clear as to their relation 
to sulfur and mercury. He appears to have held the 
current concept that metals represented a combination 
in some fashion of these fundamental substances. How- 
ever, he argued that merely coloring metals did not 
make true gold or silver. Since this is what was done 
by alchemists their gold, he said, did not stand the test 
of fire for more than five or six times.” 

In the sixteenth century there appeared a number of 


% HotmyarpD, J., AND D. C. MANDEvILLE, “Avicennae de 
congelatione et conglutinatione lapidum,’’ being sections of the 
Kitab al-Shifa. The Latin and Arabic Texts edited with an 
English translation of the latter and with critical notes, Geuther, 
Paris, 1927. 


16 Thid., p. 41. 
AtperTUs Maanus, “De mineralibus,’’ III, i, 8. From 
A. Borenet, Editor, “B. Alberti Magni . . . Opera Omnia,’’ 


V. Vives, Paris, 33 vols., 1890-99, Vol. 5, pp. 69-70. 
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works dealing with mining and metallurgy. These 
books, dealing with a practical subject, were important 
in laying the solid foundations of chemistry,'* and re- 
flect the thinking of practical men on the nature and 
behavior of metals. None of these books show the spec- 
ulation characteristic of strictly alchemical works but 
deal largely with operations. The authors scarcely 
touch upon alchemical matters, but when they do their 
opinion is one of disinterest bordering on skepticism. 
Biringuccio,'® in particular, questions the ability of al- 
chemists to achieve the production of goid though it is 
apparent that he holds the Aristotelian idea that per- 
fection of metals takes place in nature. Agricola” and 
Ercker*! also showed skepticism respecting the ability of 
the alchemists to achieve their goals. 

Another technologist who took a dim view of trans- 
mutation was Palissy, the French potter. He claimed 
that by cupellation it was easy to show that alchemical 
silver and gold were false. 

A minor figure whose views are of interest is Symphor- 
ien Champier (ca. 1471-1537), a physician of Lorraine 
who wrote numerous popular works on a wide variety of 
subjects. Although he was of only secondary ability, 
he rose to considerable importance in his day as the re- 
sult of shrewdness in attaching himself to influential 
persons who might help him in his desire for fame. In 
keeping with the times he was well versed in the art of 
self-aggrandizement, or as so aptly put by Thorndike,” 
“ ,. he was full of the ‘spirit of the Renaissance,’ that 
rare gas which the historical laboratory has never yet 
succeeded in holding in solution.” His extensive trea- 
tises on all sorts of subjects were shallow in treatment 
and, according to critics, shamelessly plagiarized. Sur- 
prisingly, he was an outspoken opponent of the occult 
arts and of alchemy. 

His attack on the alchemists is contained in a letter 
printed in 1533 along with a work defending the Greek 
physicians against errors of the Arabs.?* In this letter 
Champier discussed the arguments for transmutation 
and opinions on the formation of metals, expressing as 
his own opinion that God created metals in their com- 
mon form from which they did not deviate. In arguing 
against the common theory that metals were generated 
from sulfur and mercury he pointed out that the rich 
silver mines of Lorraine contained no mercury, hence 
generation from mercury was not possible. His con- 
tempt for ordinary alchemists was revealed when “hie 
repeats a statement already made in his life of Arnald of 
Villanova that the founders of Alchemy were an Arabic 


18 THpg, A. J., J. Coem. Epuc., 33, 109 (1956). 

19 Smiru, C.8., anp M. T. Gnupt, “The Pirotechnia of Vannov- 
cio Biringuccio Translated from the Italian,’’ American Instituie 
of Mining and Metallurgical Engineers, New York, 1942, pp. 
37-44. 

% Hoover, H. C., ano L. H. Hoover, “Georgius Agricola Ie 
Re Metallica,’’ translated from the first Latin edition of 155', 
Dover, New York, 1950, p. xxviii. 

21 Sisco, A. G., ano C. Smiru, “Lazarus Ercker’s Treati-e¢ 
on Ores and Assaying, Translated from the German edition »f 
1580,’’ University of Chicago Press, Chicago, 1951, pp. 189-90. 

22 THORNDIKE, op. cit., Vol. 5, p. 113. 

23 Thid., p. 125. 
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Hermes, not the ancient Hermes Trismegistus, and a 
most inept barbarian of putrid brain called Geber, and 
that the stories told of Arnald and John of Rupescissa 
are false and full of fables.”’*4 

The intemperate nature of Champier’s remarks re- 
mids us at once of his contemporary, Paracelsus, whose 
opinions had far more influence. As is usual in Para- 
celsus, we find him both making changes and defending 
the status quo. The traditional four elements appear 
not to have been openly rejected by Paracelsus but he 
superimposed on them his three elements or principles— 
mercury, sulfur, and salt. There was here a system 
based upon the mercury-sulfur theory of metal forma- 
tion long held by the alchemists but modified to be in 
accord witli a philosophy of fire through the addition of 
salt, a substance inert toward fire. This set of principles 
played a prominent role in the theories of the “‘spagy- 
rists,” as the Paracelsian followers were called. These 
three principles, like the four elements, did not preclude 
the possibility of transmutation. Paracelsus consid- 
ered transmutation possible as did many of his followers. 

The anti-Paracelsians, who attacked chemical medi- 
cine so vehemently during the next century, appear to 
have disliked not only his medical ideas but also his 
ideas in general. Several of them, in their refutation of 
Paracelsian medicine, even attacked such a well-es- 
tablished idea as transmutation. 

Thomas Leiber (Erastus), the Swiss physician and re- 
ligious reformer, in his “Disputations concerning the 
new medicine of Paracelsus” (1572) vigorously at- 
tacked the three elements, holding accursed the com- 
parison with the holy Trinity. He considered trans- 
mutation to be impossible.” 

A rather curious attack occurred early in the next 
century when the Parisian physician, Nicholas Guibert, 
somewhat ignorantly attacked the whole corpus of al- 
chemical literature. He claimed, in 1603, that he had 
pursued the subject for 40 years, finally coming to the 
conclusion that metals are species which cannot be 
transmuted. He was answered a year later by Liba- 
vius, in a “Defense of Transmutatory Alchemy.” 
Despite the enlightened position shown toward chem- 
istry in his famed “Alechymia” (1597), Libavius could 
still believe in transmutation ardently enough to defend 
it. Guibert was aroused to reply with an “Apology 
against the Sophist Libavius, Raging Caluminiator of 
Alchymia Refutata.’”’ This was later printed in 1614 
with Guibert’s ‘Destruction of Alchemy.” This last 
work utilized the Bible and classical literature as au- 
thority for the refutation of transmutation, ending with 
the conclusion that any apparent successes were due to 
demon aid.”* 

A somewhat more mature attack on transmutation 
was made by Jean Riolan, a Parisian physician with 
strong anti-Paracelsian leanings. He was a leader 


among the defenders of Galenic medicine against the 


Tbid., pp. 125-6. 
% Tbid., pp. 658-9. 
% Tbid., Vol. 6, pp. 244-45. 
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iatrochemical enthusiasm of such physicians as Du- 
chesne (Quercetanus) and Turquet de Mayerne. A 
complicated series of polemical works resulted.” In 
an anonymous tract, ascribed to Riolan by Libavius, 
it was argued that the world managed without chemical 
medicines in the days of Hippocrates and Galen, hence 
the old tested remedies were safer than remedies con- 
taining antimony, mercury, and gold. Since medicine 
with its four humors was closely allied philosophically 
with the four qualities—wet and dry, hot and cold—it 
was never out of place for physicians to speculate on 
elements. Riolan denied the possibility of transmuta- 
tion, declaring each metal to be perfect in its own spe- 
cies, rather than being an imperfect form of gold. 

The seventeenth century saw the early development 
of a fundamental interest in the reactions of metals in 
the minds of such figures as Sala, Sennert, and Van 
Helmont. Sala attempted to demonstrate that the pro- 
duction of copper by the addition of iron to blue vitriol 
was not a transmutation, as had been believed by Para- 
celsus, Libavius, and others, but due to the presence of 
copper in the vitriol. Sennert and Van Helmont both 
held similar views with respect to this reaction. Sennert 
also showed that gold might be recovered from acids 
in which it had been dis“-lved, suggesting that this was 
due to atoms which retained their individuality during 
the solution process. 

Van Helmont rejected the three elements of Paracel- 
sus and also the four elements of the Aristotelians, thus 
paving the way for Boyle who went to greater pains to 
demonstrate their nonexistence. 


CONCLUSION 


It is apparent that a variety of developments were 
converging during the seventeenth century to under- 
mine the stability of the traditional elements and pave 
the way for a new concept which might form an opera- 
tional basis for chemical thought and experimentation. 

The crumbling Ptolemaic system dragged down with 
it the Aristotelian system of elements. Since they no 
longer filled a need in cosmology their value in terres- 
trial science also suffered. While this cannot be dem- 
onstrated to have been a positive effect, it must still 
have been a factor in weakening the position of these 
elements. 

Skepticism toward transmutation developed in part 
because of the continuous failures of the alchemists, in 
part because of the persistence of certain metallic spe- 
cies through a variety of chemical changes. Thus, as 
knowledge of empirical chemistry increased with the 
centuries, it began to be recognized that certain sub- 
stances which disappeared during the action of strong 
solvents such as mineral acids were not permanently 


‘ destroyed or transmuted but were recoverable intact as 


the result of appropriate treatment. This, together with 
the rise of an atomic philosophy, paved the way for the 
development of the concept in which the element re- 
mained a fixed entity throughout chemical changes. 


2 For details see ibid., pp. 247-52. 
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A VERSATILE EXPERIMENT IN REACTION 


KINETICS FOR THE PHYSICAL CHEMISTRY 


LABORATORY 


We nave found that the reaction of piperidine with 
2,4-dinitrochlorobenzene can be used as the basis of a 
very satisfactory set of reaction kinetics experiments for 
the undergraduate physical chemistry laboratory. 
Besides meeting the usual basic requirements, the reac- 


2,4-dinitrochlorobenzene piperidine 


NO: 


2,4-dinitrophenylpiperidine 


tion has special advantages in its adaptability to a 
variety of methods of study. Its progress can be 
followed by a number of easily employed analytical 
procedures, it can be carried out so as to require the 
use of several mathematical expressions for the utiliza- 
tion of the data, and the effects of variations in reaction 
conditions can be explored in a series of minor re- 
searches. 

Other important features are that the reaction occurs 
quantitatively as shown and that the starting materials 
are readily available. Also, the reaction occurs at 
convenient rates at easily obtained temperatures, and 
the energy of activation can be easily evaluated from 
measurements at more than one temperature. 

Although three reactant molecules are involved in the 
balanced equation (1), the reaction is of the second 
order, being first order with respect to each of the 
reactants. The reaction is second order because only 
two reactant molecules, one of 2,4-dinitrochlorobenzene 
and one of piperidine, are involved in the first and rate- 
determining stage of a two-stage over-all process. 
Equations for the two stages are shown; the second 
stage, in which the second molecule of piperidine be- 
comes involved, is fast. (Detailed consideration of 
the reaction mechanism (1) has indicated that the 
first stage itself involves at least two steps.) Thus this 
reaction has the added advantage of helping the student 
to distinguish between the molecularity of a reaction 
as indicated by the stoichiometric equation, and the 
order of the reaction as determined from reaction ki- 
netics studies. 


J. F. BUNNETT and H. D. CROCKFORD 


University of North Carolina, Chapel Hill, 
North Carolina 
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The speed of this reaction is given by the expression: 
dz/dt = k(a — x) (b — 2z) (2) 


wherein z is the concentration of either product at time 
t and a and bare the initial concentrations of 2,4-dinitro- 
chlorobenzene and piperidine, respectively. Upon 
integration this becomes: 


2.303 
(b -- 2a) 


Thus the specific rate constant can be calculated from 
the slope of the log (b — 2zr)/(a — zx) versus t plot. 
This procedure is applicable to a series of studies in 
which the two concentrations are independently varied 
over a wide range. 

The mathematics is simpler if the initial concentra- 
tion of the piperidine is twice that of the 2,4-dinitro- 
chlorobenzene (b = 2a). Equation (2) then becomes: 


dz/dt = 2k (a — x)? 
and upon integration the following is obtained: 
2kt = 1/f(a — x) +I’ 


In this case the specific rate constant can be obtained 
from the slope of the 1/(a — zx) versus ¢ plot, the slope 
being equal to 2k. Because of the simplicity of this 
equation, experiments are frequently planned so as to 
allow its use. 

Another alternative is to use such an excess of piper- 
idine that its concentration remains essentially un- 


(b — 22x) 


we (a — z) 


log +I (3) 
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changed during the progress of the reaction. In this 


case equation (2) reduces to: 
dz/dt = kb (a — 2) 


which upon integration gives: 
kbt/2.303 = —log (a — x) + I’ 


Thus the reaction follows a pseudo-first order course. 
The pseudo-first order rate constant is kb from which 
the general constant k can be obtained by dividing by 
the original concentration of piperidine. 

The pseudo-first order procedure is especially adapted 
to the spectrophotometric method of study (see below) 
and the comparison of the value of the constant so 
obtained with that from a second order procedure is 
instructive. One of our students made this compari- 
son for the reaction in “95 per cent” ethanol. He ob- 
tained second order rate constants of 1.13 and 0.186 
|. mole! min.~! at 25.0° and 0.0°, respectively, by 
the second order technique. The same values obtained 
via the pseudo-first order procedure were 1.16 and 0.189 
|. mole! min.~! 


ANALYTICAL METHODS 


Three different methods of analysis have been used 
in published research on the kinetics of this reaction. 
Blanksma and Schreinemachers (2) determined the 
unconsumed piperidine by acid-base titration, using 
methyl red as an indicator. Because of the color of 
the product, potentiometric titration using a glass 
electrode would probably be better. Later workers 
have titrated the liberated chloride ion either by the 
Volhard method (3) or by potentiometric procedures 
(4). We have found the potentiometric titration of 
chloride to be very satisfactory, and the procedure is 
described in detail in this paper. The acid titration 
procedure, besides presenting difficulties in end-point 
detection, requires the preparation of two standard 
solutions, an acid solution to stop the progress of the 
reaction by neutralizing the piperidine, and a base 
solution to back-titrate the excess acid. It is true that 
an excess of acid must also be added in the potentio- 
metric procedure, in order to stop or quench the reaction, 
but the amount of excess acid is not critical and does 
not influence the subsequent titration with silver ni- 
trate. 

The photometric procedure for analysis (5) depends 
on the fact that the starting materials are colorless 
while the product is orange. 2,4-Dinitrophenylpiper- 
idine has a strong adsorption maximum at 390 mu. 
Furthermore this compound is such a weak base that 
it is not decolorized (through salt formation) by the 


moderate concentration of acid in the quenched portions ~ 


of the reaction solution. Also, the color intensity is 
not sensitive to small variations in the acidity. 

The intensity of absorption is so great that reaction 
solutions of concentrations convenient for chemical 
methods of analysis must be either highly diluted before 
being analyzed photometrically or the measurements 


must be made at a wave length (such as 460 my) at 
which the product has much less than the maximum 
absorption. 

Solutions of 2,4-dinitrophenylpiperidine obey Beer’s 
law. However, if a photometric instrument with a 
large slit width is used, Beer’s law may not appear to be 
valid, and it may be necessary to construct a calibration 
curve relating concentration to light intensity. Such 
a calibration curve is more apt to be needed with an 
off-peak wave length (6). 

On the other hand, the intensity of absorption makes 
it possible to determine the concentration of 2,4-dinitro- 
phenylpiperidine accurately at very low concentrations. 
This is the key to the determination of the specific 
rate constant by the pseudo-first order procedure. We 
have found it practical to use an initial concentration 
of 1 X 10-* M for the 2,4-dinitrochlorobenzene and 
4 X 10-? M (40-fold excess) for the piperidine. The 
resulting plots of log (a — x) versus ¢ are linear. 

Another feature of the photometric method is that it 
enables one to check on the stoichiometry of the reac- 
tion with little additional effort. A solution of the 
expected product, 2,4-dinitrophenylpiperidine, can be 
made up in the concentration expected at the comple- 
tion of the reaction, and an aliquot of this solution 
added to excess acid and diluted in the same way as the 
aliquots from the reaction mixture. Comparison of 
the theoretical and experimental “infinity” readings 
indicates directly that the yield of the 2,4-dinitro- 
phenylpiperidine is quantitative. However, certain 
other aryl chlorides have been found (7) to give less than 
quantitative yields in reactions with piperidine because 
of side reactions. 

It should be possible to use yet other analytical 
methods. For example, the progress of the reaction 
could be followed by conductimetric procedures. How- 
ever these possibilities have not been explored. 


Specific Rate Constants as Determined by Students 


Specific rate constant* 
(1. mole! min.~!) 


Student Method of analysis 25.0°C. 0.0°C. 
A Spectrophotometric 1.13 0.186 
B Spectrophotometric 1.10% 0.197 

1.09% 
Cc Spectrophotometric 1.11% 
1.13 
D Spectrophotometric 1.10° (0.20)¢ 
1.11% 
E Titration of chloride 1.14 0.226 
F Titration of chloride 1.31 0.220 
1.31 0.226 
1.30 


« The rate constant for each run is listed separately. 
» These runs were done at 25.3°. 
¢ From internal evidence, this value is only an approximation. 


RESULTS 


In the table we list the actual specific rate constants 
that were determined by six students. The rate con- 
stant for each run is listed separately. With the ex- 


| 

NHC! 
ession: 
(2) 


ception of student F, all agreed that the specific rate 
constant at 25.0° is about 1.101. mole~* min.~! Fewer 


determinations were made at 0.0° and the agreement 


between them is less satisfactory. More experienced 
workers (1, 4, 5) have found that specific rate constants 
for this reaction can be reproduced within +1 per cent; 
their work was done, however, in other solvents and 
their results cannot be compared directly with those in 
the table. 

In all cases the plots from which the rate constants 
were determined were linear. A typical example is 
shown in the figure. 


2(a — 


0 100 200 300 400 


Time in minutes 


Typical Plot of a Student’s Data for Determination of Second 


Temperature: 0°. Initial concentrations: 2,4-dinitrochlorobenzene, 
1.0 X 10-* M; piperidine, 2.0 X 10-* M. Rate constant obtained: 0.186 
1. mole~! min.~! (This student used lower reactant concentrations, and 
therefore longer intervals between samples, than we recommend.) 


PLANNING OF STUDENT ASSIGNMENTS 


This experiment is rather time-consuming because 
it requires careful preparation by the student for a se- 
quence of experimental operations as well as the actual 
performance of these operations. We find that from 
four to six laboratory periods of three hours each are 
required for a pair of students to carry out duplicate 
determinations by any one of the experimental tech- 
niques. We required the students to start from 
“scratch” preparing all their standard solutions, etc. 
Part of the preliminary work could be done beforehand 
by the staff, but this would result in some educational 
loss to the student. 

One of the virtues of this experiment is that it pro- 
vides a number of different experimental and mathe- 
matical approaches to the same physical values. 
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Effective educational use of this and economy of time 
can be achieved by assigning different pairs of students 
to different approaches. For example, one pair of 
students can be assigned the determination of the rate 
constant by the second order procedure with b = 2 
and another pair the same but with b > 2a (thus re- 
quiring the use of equation (3)), both following the 
progress of the reaction by potentiometric determina- 
tion of the chloride ion. A third and fourth pair can 
be assigned the same determinations but using the pho- 
tometric method of analysis. Other pairs can be 
assigned the same determinations using a potentio- 
metric acid-base titration method. Another variation 
is the determination of pseudo-first order rate con- 
stants from which second order constants can be 
derived. We find that following such a procedure pro- 
duces a healthy and stimulating interchange of ex- 
periences among the various groups of students, so 
that each gains something from the experiences of 
his fellow students. At the end of the work, a session 
is held at which reports from the various groups are 
received and the results compared. 

It is desirable that the values of the specific rate 
constant be obtained for at least two temperatures so 
that the energies and entropies of activation can be 
calculated. The two most convenient temperatures 
are 25° and 0°. 


MINOR RESEARCH PROBLEMS 


It is possible to determine the effects of certain varia- 
bles on the rate of the reaction without changing the 
basic experimental techniques. For example solvent 
effects can be studied. Preliminary measurements (5) 
indicate that solvent effects are moderate but interest- 
ing. There is an indication that the reaction series in 
aqueous dioxane solvents has an isokinetic temperature 
(8) a few degrees above 0°C. Further exploration of 
this and other reaction series involving changes in 
solvent would be of interest and value. Also, salt 
effects could and should be studied. Such studies 
would constitute excellent special projects within the 
framework of the physical chemistry course or as 
separately organized undergraduate research. 


EXPERIMENTAL PROCEDURES 


Materials. Eastman Kodak White Label 2,4-dini- 
trochlorobenzene and Practical piperidine and com- 
mercial 95 per cent ethanol can be used without 
further purification. For more precise work it is ce- 
sirable to recrystallize the dinitrochlorobenzene from 
ether, to reflux the piperidine with sodium metal wi‘h 
subsequent distillation from the sodium (9), and ‘o 
redistill the ethanol. The purity of the ethanol can be 
checked by density measurements. The reaction rate 
is not highly sensitive to changes in water concentration 
(5) and so normal variations in the water content of 
“95 per cent” ethanol do not appreciably change t'1e 
results. 

For the photometric procedure 2,4-dinitropheny!- 
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piperidine can be prepared by combining excess piperi- 
dine with 2,4-dinitrochlorobenzene in ethanol solution, 
refluxing for 15 minutes on the steam bath or allowing 
the mixture to stand overnight at room temperature, 
pouring into water, and recrystallizing the precipitated 
material from 95 per cent ethanol. It forms orange 
crystals of m.p. 91-2°. 

General Sampling Technique. The reaction is run in 
a volumetric flask, and samples are removed at inter- 
vals by pipet and are discharged into excess acid. 
The time of release from the pipet is recorded for each 
sample. For convenience and safety, a three-foot 
length of rubber tubirg with a glass mouthpiece is 
used with the pipet. Flow is regulated by squeezing 
the rubber tube near the top of the pipet. The pipet 
need not be cleaned between samples; it is sufficient to 
rest it in a vertical position with its tip bearing on a 
couple of thicknesses of filter paper. For runs at 0°, 
pipets are kept in a “pipet chiller” except during use. 
The “chiller” is a glass tube, long and wide enough to 
contain the pipet, sealed at the lower end, and immersed 
for most of its length in a container of crushed ice. 


Second Order Kinetics. b = 2a. Potentiometric Titration of 
Chloride Ion. Prepare a standard solution, approximately 0.4 M, 
of piperidine in 95 per cent ethanol. Weigh the piperidine in a 
volumetric flask, fill it nearly to the mark with ethanol, mix 
thoroughly, allow the flask to stand-in the thermostat (or in the 
room) until the appreciable heat of solution is dissipated, and 
finally fill it to the mark. Calculate the weight of 2,4-dinitro- 
chlorobenzene containing half as many moles as there are moles 
of piperidine in a 25 ml. portion of the standard solution (about 
1.0 g. of 2,4-dinitrochlorobenzene). Weigh out this calculated 
amount and dissolve it in about 200 ml. of 95 per cent ethanol in a 
250 ml. volumetric flask. Place this solution, the standard 
piperidine solution, and a small flask containing pure solvent in 
the thermostat and allow them to come to thermal equilibrium. 

Before starting the run, prepare a series of nine numbered 
beakers, each containing about 15 ml. of 0.1 N sulfuric acid, to 
receive samples of the reacting solution. 

To start the run, pipet 25 ml. of the standard piperidine solu- 
tion into the reaction flask containing the 2,4-dinitrochloroben- 
zene solution. Record the time of release from the pipet. At 
once, add sufficient of the thermostatted solvent to fill the re- 
action flask to the mark, mix thoroughly by vigorous shaking, and 
quickly return to the thermostat. As soon as possible, remove a 
25 ml. sample and discharge it into the first of the beakers con- 
taining 0.1 N sulfuric acid, recording the time of release. Re- 
move subsequent samples at intervals of five minutes for runs at 
25° or 15 minutes for runs at 0°. Titrate each quenched sample 
with standard (about 0.02 M) silver nitrate solution using a 
pH meter. In the titration assembly the usual calomel elec- 
trode is replaced by a silver electrode. This electrode is pre- 
pared by soldering a short length of fine silver wire to a brass or 
copper rod. The rod is covered with lacquer to eliminate con- 
tact with the solution. It is well to place a very thin film of 
silver chloride on the silver by momentarily making it the anode 
in an electrolytic circuit consisting of a dry cell, a platinum 
cathode, and a dilute hydrochloric acid solution. 

The e.m.f. (or the “‘pH”’) of the titration cell is plotted against 
the volume of the silver nitrate titrant. The midpoint of the 
section of greatest slope is taken as the end point. Calculate 


1/(a — 2) for each aliquot, and plot these values against the 
corresponding times. The resulting plot should be a straight 
line whose slope can be determined graphically. If the points do 
not all fall on a straight line the slope can be determined by the 
method of least squares or the method of averages. The spe- 
cific rate constant is half the slope. 


Second Order Kinetics. b = 2a. Photometric Analysis. The 
following directions are suitable for analysis by means of a 
Model B Beckman spectrophotometer using 1-cm. cells. Some 
modifications of quantities may be necessary if other instruments 
or other sizes of cells are used. Before starting the reaction, pre- 
pare a set of ten numbered 100-ml. volumetric flasks each about 
half full of ‘quenching solution’’ (0.1 N sulfuric acid in 1:1 
water-ethanol). The reaction can be set up as previously de- 
scribed or it can be run in a 100-ml. volumetric flask with appro- 
priate reductions in quantities so as to maintain the same con- 
centrations. Withdraw aliquots from the reacting solution by 
means of a 5-ml. pipet and discharge them into the volumetric 
flasks containing the “quenching solutions.’’ Fill each flask to 
the mark with the “quenching solution,’ shake thoroughly, and 
determine the optical density! of each at 460 mu. 

In order to determine z, the concentration of the product at 
time ¢, one must know the optical density of a quenched sample 
of the “infinity” solution (OD,.,.). This can be obtained by sam- 
pling the reaction after it has gone to completion, but it is faster 
and equally correct to prepare a mock “infinity” solution. This 
is a solution of 2,4-dinitrophenylpiperidine of the concentration 
expected at the end of the reaction. A sample of this solution, 
quenched in the standard manner, has OD... 

From the optical density values, calculate 1/(a — x) for each 
of the sample times. The value of the specific rate constant is 
obtained from the 1/(a — x) versus ¢ plot. The calculation of 
(a — 2) is possible through the fact that OD. is equal to ga, in 
which q is a proportionality constant and a is the final concentra- 
tion of the product. The latter is equal to the initial concentra- 
tion of the 2,4-dinitrochlorobenzene. Calculate the value of q 
from this relationship. OD, is then equal to gz, and therefore 
(a — 2x) is equal to (OD. — OD:)/q. 

A typical set of data is plotted in the figure. 

The above procedures assume that the optical density reading 
is proportional to the concentration of 2,4-dinitrophenylpiperi- 
dine. In the event that an instrument is used for which this is 
not true, a calibration curve showing the relationship of the opti- 
cal density reading to the concentration should be prepared and 
the various concentrations determined from the graph. 

Pseudo-first Order Kinetics. Prepare a standard solution of 
piperidine, approximately 0.4 M, in 95 per cent ethanol and one 
of 2,4-dinitrochlorobenzene in the same solvent, approximately 
0.01 M. Prepare a set of numbered 50-ml. volumetric flasks each 
about half full of the “quenching solution” as previously de- 
scribed. Pipet 10 ml. of the standard 2,4-dinitrochlorobenzene 
solution into a 100-ml. volumetric flask and add about 70 ml. of 
95 per cent ethanol. Allow this flask, the flask with the piperidine 
solution, and a flask containing 95 per cent ethanol to come to 
temperature equilibrium in the thermostat. Then pipet 10 ml. 
of the standard piperidine solution into the reaction flask, record- 
ing the time of release, add 95 per cent ethanol to the mark, shake 
vigorously, and immediately remove the first aliquot. Use a 
5-ml. pipet to remove the samples and record the time of 
release into the 50-ml. volumetric flasks containing “quenching 
solution.” Recommended time intervals between samples are 
three minutes for 25° and 15 minutes for 0°C. It is well to take 
about nine or ten samples in each run. Fill the flasks with quench- 
ing solution and determine the optical densities at 390 mu. De- 
termine the value of OD, by allowing the reaction flask to stand 
overnight at room temperature, returning it to the thermostat, 
and then removing two additional aliquots. These are the 
‘fnfinity” samples. 

Determine (a — 7) as previously described and plot the log of 
the values versus time. The specific rate constant can be de- 
termined from the slope of the line either graphically or by the 


’ method of least squares. An alternate and quicker procedure is 


to plot —log(OD.. — OD;) versus time. The slope of this line 
multiplied by 2.303 gives the pseudo-first order specific rate con- 
stant. The second order specific rate constant can be determined 
from this by dividing by the initial concentration of the piperidine. 


1 The term absorbance has been officially recommended to re- 
place optical density (10). Both are defined as the logarithm of 
the reciprocal of the transmittance. 
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e INEXPENSIVE APPARATUS FOR SPEEDY EVAPORATION 


A rotary film type of evaporator has been con- 
structed from materials available in the laboratories 


FRANCES GREEF and CLIFFORD T. LARSEN 
Carleton College, Northfield, Minnesota 


plus a few additional items costing less than three 
dollars. The accompanying figure shows the apparatus 
to consist of an ordinary three-speed stirring motor 
attached to a 7/s-inch pulley connected by a !/s-inch 
round rubber sewing machine belt to a 3-inch pulley. 
To this latter pulley is fastened a */,-inch brass gas 
stopcock valve closed on one end and drilled on the 
other end to insert a brass tube. The plug of the gas 
stopcock valve was grooved to allow continuous evacua- 
tion rather than intermittent action. A variety of 
flask sizes can be adapted by using different rubber 
stoppers on the brass tube. The axis of rotation of 
the moving flask is set at approximately 25°. Ordinary 
galvanized pipe connections are used to mount the gas 
stopcock onto the ring stand. Connection is made toa 
conventional trap and vacuum system through a */;- 
'/s-inch pipe adaptor. 

A tank containing circulating water at a constant 
temperature may be placed around the rotating flask. 
The rate of rotation of the flask is controlled at any 
desired speed by the use of a Variac transformer. 

The apparatus is particularly useful in concentrating 
solutions of heat sensitive substances. Greatly in- 
creased rates of evaporation without “bumping” can 
be attained by operating at the low pressures which 
are possible. 
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A LECTURE DEMONSTRATION OF 


LIQUID-VAPOR CRITICAL PHENOMENA 


The disappearance of the meniscus at the critical 
point and the associated opalescence are phenomena 
striking to observe as well as of great importance in the 
study of the liquid and gaseous states.' The high 
pressures involved together with the need for careful 
measurement of the charge and control of temperature 
have probably deterred many from attempting to 
demonstrate critical phenomena in the lecture room. 
It is hoped that the demonstration described below, 
which is relatively simple and free of serious hazard 
of explosion, will be of interest. 

The experiment consists in using a substance, whose 
critical temperature is a few degrees above room tem- 
perature, contained in a thick-walled capillary tube 
which is mounted in the slide holder of a projection 
lantern. The heat of the lantern slowly raises the 
system through the critical temperature while project- 
ing its image on the screen. By enclosing the capillary 
in a plastic box there is substantially no hazard from 
an explosion with such a small amount of material. 

Examination of the compilation of critical properties 
prepared by Kobe and Lynn? shows that there are, 
in reality, only three substances which might be con- 
sidered for such a demonstration: ethane, carbon 
dioxide, and chlorotrifluoromethane. The critical 
properties of these substances are shown in the table. 

Of these three substances, carbon dioxide is the 
most generally available but its critical pressure is 
relatively high. However, heavy-walled capillary tub- 
ing is unlikely to burst even at 70 atmospheres although 
a shield should be used while the tube is being prepared 


1 Critical phenomena were discussed in THIs JOURNAL by Bres- 
cia in 1947 (24, 123). He gave an account of the “derby hat’’ 
theory of Mayer and Harrison which predicted a critical region 
covering a finite temperature range rather than a unique critical 
point. Some of the experimental data available supported this 
picture. Since then a considerable amount of theoretical and 
experimental work has been reported. On the experimental side 
it has become clear that earlier workers underestimated the size 
of the density gradients in the cell resulting merely from the 
compression of the near-critical fluid under its own weight and 
also the extreme slowness with which equilibrium is established 
in such a system. At present, both theoretically and experimen- 


tally, the question is still open although the probable extent of such | 


a critical region has been very much reduced (to a few hundredths 
of a degree at most rather than a few degrees as first thought). 
As Brescia pointed out, this phase of “‘classical chemistry’’ is still 
much alive and the reader will find references to recent work in the 
following: CruicKsHANK, A. J. B., anp D. H. Everett, Ann. 
leepts. on Progr. Chem. (Chem. Soc. London), 50, 87 (1953), and 
. K. Rice, J. Chem. Phys., 23, 164 (1955). 

? Kose, K. A., an R. E. Lynn, Jr., Chem. Revs., 52, 121 (1953). 


HENRY W. HABGOOD 
Research Council of Alberta, Edmonton, Canada 


Critical Critical Critical 
temperature pressure density 
Substance (atm.) (gm./cc.) 
Chlorotrifluoromethane 28.8 39 0.58 
Carbon dioxide 31.0 72.9 0.47 
Ethane 32.3 48.2 0.203 


and mounted in the plastic box. Since a sample of 
ethane was available it was used to prepare the demon- 
stration described below. 

The purifying of the gas and the filling of the capillary 
tube are easily done if a vacuum line and Jiquid nitrogen 
are available. The ethane was purified by bulb to bulb 
distillation, the approximate amount measured out and, 
using a bath of liquid nitrogen, condensed into the 
capillary tube which was finally sealed off. The 
capillary tube was prepared from Pyrex tubing two mm. 
inside and seven mm. outside diameter, well rounded 
at the lower end and thinned down to form an easily 
sealed constriction about eight cm. from the end. It 
was well annealed and pumped down before being 
filled. After being sealed off, the tube was removed 
from the liquid nitrogen, allowed to warm somewhat, 
and dropped into a beaker of hot water to provide a 
rough pressure test. Some half dozen were prepared 


Sealed tubes 7mm OD x2mmi0 8cm jong 


Plexiglass disc 
33 dia x 7 thick 


—— BOX Outside dimensions 
' 
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Materials used Plexiglass 
ang 2 Plexigiass for top and 
bottom of box 


Assembly for Projection Lant Demonstration of Critical Behavior 
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and none burst.- If the filling was even approximately 
near to the critical density, a meniscus appeared on 
cooling and the volume of gas for subsequent tubes 
could be adjusted to give a meniscus close to the middle 
of the tube. 

The mounting assembly is shown in the figure. Two 
samples were mounted side by side on a plastic disc 
pivoted inside a plastic box which was made the right 
size to replace the slide holder of a projection lantern. 
The disc could be rotated by manipulation with a 
small screw driver through a hole in the edge of the 
box to give any desired degree of agitation. 

The most satisfactory display was obtained by slowly 
oscillating the tubes through a small angle near the 
horizontal starting from a temperature two to three 
degrees below the critical. The decrease in surface 
tension causing the two phases to become more 
and more dispersed was very marked as the critical 
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temperature was approached. The critical opalescenc 
was briefly visible as the meniscus disappeared and 
above this temperature continuing turbulence showed 
the persistence of density differences. Added jp. 
terest was given by the fact that the meniscus dis. 
appeared in one tube a few seconds before the other— 
this was probably due to traces of air or other impurity 
in one tube giving a two-component system with 
slightly different critical temperature. 

By using two or more tubes with different amounts 
in each, it is possible to demonstrate a range of average 
densities. In an unstirred vertical tube the critical 
meniscus occurs at the height where the local density 
as determined by the compressibility of the system 
under its own weight is equal to the critical density. 

A further possibility would be to fill one tube with 
carbon dioxide and the other with ethane to display 
the two simultaneously. 
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A SIMPLE AND INEXPENSIVE VACUUM 


FRACTION-COLLECTOR 


Wane investigating suitable methods for the separa- 
tion of pure fatty acids from a complex natural mix- 
ture, recourse was had to the vacuum distillation of 
their esters and to the more recent technique of par- 
tition chromatography. Anticipating an extensive 
series of fractions from either technique, it was desired 
to prepare a fraction-collector which could be readily 
adapted for use with both vacuum distillation and 
chromatography. Simplicity of design and minimal 
expense in the making of the collector were additional 
factors to be-considered. 

A number of piglets exist for collecting small frac- 
tions under vacuum. These are, for the most part, 
limited to systems providing only one or two receivers 
and frequently suffer from the inability to effect sharp 
separations between fractions. 

The fraction-cutter described herein modifies cer- 
tain existing designs to gain several important advan- 
tages. It is small, easily operated, and can be adapt- 
able to a variety of uses. The shell opens to allow for 
easy replacement of receiver tubes of a variety of sizes. 
It can be prepared by any trained glass blower and its 
nominal cost, about $30, makes it feasible for routine 
use. 
The fraction-cutter consists of a glass shell made up 
of the two halves of a 103/60 standard taper joint. 
The upper half is sealed off about one inch above the 
ground glass and a standard taper receiving inlet (A) 
fitted with a small funnel and drip-tip (B) is introduced 
to one side. An outlet to the vacuum system (C) 
is also attached. 

The length of the lower portion is determined by the 
maximum size of receiver to be used. The bottom of 
the shell is closed off and a standard taper joint and 
plug (D) is fitted through the center of the sealed-off 
end. 

The receiver plate (F) is a 3.5-inch medium-gage 
stainless-steel dise which has a series of holes drilled 
along the outer edge to support the receiver tubes. 
Plates with holes of various sizes can be stocked to ac- 
commodate receivers containing from 0.25- to 3.00-ml. 
samples. 

By means of lock nuts (F), the carrier plate is at- 


tached to one end of a threaded */,-inch steel shaft (a . 


5-inch machine screw with the head cut off). The 


1 Current address: Department of Chemistry, Northwestern 
University, Chicago, Illinois. 


SAUL B. NEEDLEMAN 
Illinois Institute of Technology, Chicago, Illinois 


opposite end of the shaft is soldered to a sleeve and pin 
mechanism (@) which slips over the ground-glass plug 
projecting through the bottom of the shell. The 
height location of the carrier plate relative to the drip- 
tip is adjusted (raised or lowered) by setting the posi- 
tion of the lock nuts on the shaft. The glass shell is 
cushioned on cork rings during operation. 


| 


The tip of the chromatographic column or distillation 
take-off adapter is introduced into the funnel via the 
standard taper inlet. A stopcock (H#) can be provided 
at the inlet so that the cutter can be opened or re- 
moved entirely without disturbing the remainder of the 
vacuum system. If- a wide-bore stopcock is used, 
contamination by grease is minimized. 

The standard taper plug at the bottom of the shell 
allows the carrier plate to be rotated from the outside 
without interrupting the vacuum. Careful greasing 
of the 103/60 joint facilitates easy opening of the shell 
for rapid replacement of receivers and does away 
with the necessity of removing each receiver with for- 


ceps. 
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PHOTOMETRY 


Tis article describes a laboratory experiment suit- 
able for use in undergraduate and beginning graduate 
physical chemistry courses. The experiment involves 
the measurement of the density of the image on photo- 
graphic film, and requires as special equipment only 
an amateur photographic exposure meter, which is 
used without change or damage. The advantages of 
the experiment are these: (1) it serves an an illus- 
tration to the text chapters on light, which are not ordi- 
narily represented in the laboratory experiments; (2) it 
gives students an opportunity to process photographic 
materials; in schools not having a required course in 
instrumental or spectrographic analysis, most under- 
graduates and many graduates complete their work 
without ever having practiced this technique; (3) it 
gives students an opportunity to work up and interpret 
simple numerical data. The experiment here described 
can be done by a student working alone within a period 
of three hours, preferably distributed over two days’ 
meetings of the laboratory section, in order to allow 
the film to dry before measurement. 

In this experiment, photographic film is uniformly 
exposed to light. Sections of the exposed film are 
developed at different temperatures, or at different 


The “‘Densitometer”’ 


Figure 1. 


A LABORATORY EXPERIMENT IN 


JAMES B. HICKMAN 
West Virginia University, Morgantown, West Virginia 


concentrations of the developer, and the amount of 
light transmitted by the exposed and developed film is 
compared to that transmitted by unexposed but proc- 
essed film. The numerical data obtained can be 
used to examine in a general way the effect of tempera- 
ture or of concentration of developer on the rate of 
photographic development. It is the purpose of the 
experiment to give the student actual experience with 
the simplest principles of photometry, with the process- 
ing of photosensitive materials, and with the interpreta- 
tion of numerical data, rather than to examine the 
nature of the photographic process. Such examination 
would require apparatus and techniques not appropriate 
to the beginning physical chemistry course. 

The following apparatus is required: a photoelectric 
exposure meter, for example, the General Electric 
DW-68 meter; the base of a laboratory microscope 
(or an improvised apparatus of wood or metal—the 
only object of this apparatus is to provide a means of 
holding the film firmly and exposing it to a lighted area 
of uniform size); a 35-mm. camera, for example the 
Kodak “Signet”; three 400-ml. breakers; three 1000- 
ml. beakers; scissors; and ticket punch. 

The materials needed are these: Eastman Kodak Co. 
“Fine Grain Positive” film; 35-mm. Kodak “ Dektol” 
developer—a stock solution prepared according to the 
directions on the can; acetic acid; Kodak Acid Fixer 
solution. 


EXPERIMENTAL PROCEDURE 


In a darkroom lighted by a bright red (Series 1) 
safelight, the camera is loaded with a strip of the 
“Fine Grain Positive’ film about six feet in length 
(sufficient for the work of two students). The camera 
is taken out of doors and 30 pictures of a piece of white 
poster board are taken. The camera should be held at 
such a distance that the poster board fills most of the 
field of view. Care should be taken to see that the 
board is uniformly lighted, and that no shadow falls 
on it. If the board is lighted by diffuse sunlight, »n 
exposure of !/25 second at f/5.6 will suffice. 

The film is rewound into the magazine, unloaded, and 
the magazine taken to the dark room. There, under 
the bright red safelight the magazine is sprung open, 
the leading end of the film started out, and the magazine 
closed again (this procedure permits one to turn on 
regular illumination between sessions of developing). 

The film is processed according to standard procedure 
except for the following modifications: (1) the“ Dekto!” 
solution prepared according to the directions on the can 
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is diluted, one part solution to 19 parts water, this 
mixture being referred to below as “diluted ‘Dektol’”’; 
(2) 400-ml. beakers containing 300 ml. of solution are 
used rather than trays; (3) contrary to the best photo- 
graphic procedure, the developed pieces of film are left 
in the stop bath until all are ready for transfer to fixer; 
(4) temperatur. . of development are not those specified 
by the manufacturer of film and developer. 

In order to examine the effect of temperature on the 
chemical reaction of development, the film is developed 
at 0°, 10°, and 20°. In preparing the solution for use 
at 0°, it will be found convenient to substitute ice for 
some of the water used in diluting the “‘Dektol.”” The 
temperature of the developer may be held essentially 
constant by suspending the beaker containing it in a 
1000-ml. beaker containing ice, or water at the appro- 
priate temperature. 

Under the safelight, about eight inches of film is pulled 
from the magazine and transferred to the diluted 
“Dektol” at 0°. After exactly one minute, one inch of 
the film is cut off and placed in the stop bath. At the 
end of two minutes, another inch is cut off, placed in the 
stop bath, and identified by a single hole made by the 
ticket punch; the piece cut off at the end of the third 
minute is identified by two holes, and so on. All the 
pieces of film are fixed, washed, and dried according to 
standard procedures. 

The dry pieces should be placed in a coin envelope 
labeled with the student’s name and the temperature 
of development. 

A similar series of pieces is prepared for the tempera- 
tures of 10° and 20°. 

In the same fashion, two or more series of pieces of 
film can be prepared, using developer at room tempera- 
ture, but varying the concentration—for example, one 
series with 300 ml. of diluted “ Dektol,” another series 
with 150 ml. diluted “‘Dektol’”’ to 150 ml. of water, and 
perhaps a third series with 100 ml. diluted “Dektol” to 
200 ml. of water. 

The last six inches of the film (unexposed) should be 
processed through all stages, with about four minutes 
in the developer. This will serve as a “blank,” a 
measure of the light absorption of the film itself after 
processing. 

The light absorption of the pieces of film is measured 
on an improvised “densitometer” such as that shown in 
Figure 1. A. section of the unexposed, processed film 
is laid over the hole in the microscope stage, and the 
light meter inverted over it. The light source and 
mirror are adjusted until the meter indicates a value 
close to but not at its maximum. This reading is 
recorded as po, and no change is made in light source 
or mirror until the series of readings is complete. If 
at any time the light source or mirror should be moved, 
it would be necessary to return the blank to the stage, 
and readjust light source and mirror until the po value 
was duplicated. 

Each piece of film processed is measured in turn, the 
meter reading when it is in place over the hole in the 
stage being recorded ‘as the p for that piece. Properly, 
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Po/p 


Time, minutes 


Figure 2. Effect of Temperature on Rate of De- 
velopment 


the image of the poster board on each piece of film 
should be larger than the hole in the microscope stage. 
If it is not, it may be necessary to prepare a microscope 
slide, masked with ink or black tape, smaller than the 
smallest dark image, centering the pieces of film over 
this when determining p) and p. Care should be 
exercised not to mix pieces from the various envelopes; 


po/P 


Time, minutes 
Figure 3. Effect of Concentration on Rate of 
Development 
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after measurement, each series of negatives should be 
returned to its envelope, which is preserved until the 
experiment is completed. 


CALCULATIONS AND DISCUSSION 


The quotient po/p is calculated for each measurement, 
and plotted on semilog paper (the po/p values being 
plotted on the logarithmic scale against time in minutes 
on the arithmetic scale). Figure 2 shows typical re- 
sults at 0°, 10°, and 20°. Figure 3 shows some results 
obtained, at room temperature with two different 
dilutions of “ Dektol.” 

The following questions indicate the type of analysis 
to which the results might be subjected: 

(1) Although the plots of log (p/p) against time 
are essentially linear, they are not entirely so. To what 
extent is this deviation the result of uncertainty in 
measuring values of p/p? (Remeasure this value for 
several pieces of the film to determine reproducibility.) 
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(2) Assuming that the opacity of the film (log p/p) 
is proportional to the extent to which the chemical re. 
action of development has proceeded, and comparing 
results for the different dilutions of ‘‘ Dektol,”’ what is 
the order of the reaction? 

(3) How does the time to reach the same degree 
of development compare for the temperatures 0°, 10°, 
20°? Can the rule of thumb—‘a ten-degree rise in 
temperature doubles the rate of a chemical reaction’’— 
be applied here? If this rule is inapplicable, suggest 
reasons, or state limitations of the rule. 

(4) For those points in the plots that deviate more 
from linearity than the low reproducibility indicates 
can you suggest reasons for the deviation? The reasons 
may either be possible errors in the procedure (failure 
to measure effective development times accurately, non- 
uniform processing, etc.) or they may concern factors in- 
volved in the chemical reaction (depletion of developer 
as reaction proceeds, for example). 


A womper of “clock reactions” designed for either 
lecture demonstration or student experimentation in 
general chemistry have been described in THIS JourR- 
NAL.'~* Many of these proposed reactions have the 
disadvantage of requiring a rather complicated explana- 
tion of the mechanism in order to relate the measured 
time with the chemical] equation for the reaction. 
The reduction of the cerium(IV) ion’ in aqueous 
sulfuric acid to the cerium(III) ion with oxalate ion 
can be followed visually and without special colori- 
metric devices. 


2Ce*4 + C20, — 2Cet3 + 
(yellow-orange) (colorless) 


At room temperature, the time required for complete 
decolorization can be measured and related to the rate 


1 Brown, F. E., J. Comm. Epuc., 25, 256 (1948). 

SURYARAMAN, M. G., anp A. VISWANATHAN, J. CHEM. Epvc., 
28, 386 (1951). 

3 Evans, G. G., J. Cuem. Epuc., 29, 139 (1952). 

* Barrett, R. L., J. Cuem. Epuc., 32, 78 (1955). 

5 Although there seems to be a great deal of evidence that the 
cerium(IV) ion exists as a complex ion in aqueous sulfuric acid, 
this fact need not be introduced in the discussion of the reaction 
in a beginning course in chemistry. 


A “CLOCK REACTION’’ FOR A BEGINNING 
COURSE IN COLLEGE CHEMISTRY 


ARTHUR H. BLACK and VANCE H. DODSON 
University of Toledo, Toledo, Ohio 


of the reaction. If aqueous sulfuric acid solutions of 
ceric sulfate (or ammonium sulfatocerate) of a given 
molarity are reacted with various concentrations of 
sodium oxalate (also in aqueous sulfuric acid), the time 
required for decolorization should be a linear function 
of the oxalate ion concentration. The concentration 
of the oxalate ion must always be in considerable excess 
over the stoichiometric quantity. It has been noted 
by the authors that as one approaches the stoichio- 
metric amount of oxalate, the time required for de- 
colorization becomes excessively long and deviates 
from the linear relationship shown by the more con- 
centrated solutions. 

The authors have adapted this reaction to a labora- 
tory experiment in general chemistry in connection with 
the topic of kinetics. Solutions of the reactants should 
be prepared and cooled prior to the laboratory period. 


Solution A: 1M sulfuric acid 
. Solution B: 0.1 M ceric sulfate or ammonium sulfatocerate 
in 1 M sulfuric acid 
Solution C: 0.05 M sodium oxalate in 1 M sulfuric acid 


Solution A is used as a diluent in the preparation of the 
other solutions to maintain a constant acid concentra- 
Varia- 


tion in all of the reaction rate measurements. 
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tion in acid concentration produces erratic results.® 
Solutions B and C should be standardized and the con- 
centrations of each should be posted on the stock 
bottles. One liter of B and two liters of C are sufficient 
for a class of 30 working in pairs. 


EXPERIMENTAL PROCEDURE 


A solution consisting of 10 ml. of B (cerium(IV)) is 
diluted with 40 ml. of A in the reaction beaker. 
Twenty-five milliliters of C (oxalate) is diluted with 
25 ml. of A in a second beaker. The time is noted by 
one of the students at the instant that the other pours 
the oxalate solution into the reaction beaker containing 
the cerium(IV) and again when the latter decides that 
the solution is colorless. Thorough stirring during the 
reaction period is necessary. The disappearance of the 
yellow-orange color is best observed by placing the 
reaction beaker on a sheet of white paper next to a 
beaker of water. The timer and observer exchange 
duties and a duplicate run is made. The two observed 
time values are then averaged. 

A second pair of runs is made using the concentra- 
tion of cerium(IV) ion just described but with solutions 
containing 20 ml. of the oxalate stock solution diluted 
with 30 ml. of Solution A. This is followed by a 
third set of runs using 15 ml. of C and 35 ml. of A. 
Temperature is measured after each run. 

The students are required to calculate the initial 
concentration of each of the reactants in each of the 


6 Ross, 8. D., anp C. G. Swain, J. Am. Chem. Soc., 69, 1325 
(1947). 


three reaction mixtures. The concentration of the oxa- 
late ion in each mixture is then plotted against the time 
required for complete decolorization. 


EXPERIMENTAL RESULTS 


Five sets of results, chosen at random from a class 
of 30 students, are given in the table. The data of 
Pair #2 would be classed as rather poor and represent 
an exception rather than the rule. The data illustrate 
the typical variation to be expected because of differ- 
ences in visual perception, lack of close temperature 
control, and the necessary lack of precision in volume 
measurements using only graduated cylinders. 


Time Required for Ceric Reduction by Oxalate (25° C.)— 
Student Results 


Time (sec.) for decolorization 
——of solution 


Initial conc. (mole/l.) 
——of reactants—— 


Ce(IV) Oxalate Pair Pair Pair Pair’ Pair 
ion ion #1 #2 #3 #4 #5 
0.0109 0.0125 28 24 28 25 30 
0.0109 0.0100 32 27 35 34 36 
0.0109 0.0075 37 34 43 43 42 


2 Time value reported for each pair is an average of two trials. 


The satisfaction obtained by the student when he 
performs his own experiment is frequently Jost when a 
topic is introduced by way of demonstration. The 
authors feel that this experiment affords the student 
a rather simple yet satisfactory method of studying 
the relationship of reaction rates to concentrations of 
reactants, 


ALFRED UNIVERSITY DISPLAYS MODERN GLASS 


In 1902 ALEXANDER SILVERMAN, One of seven pioneer chemists in 
the glass industry in America, started a collection of glass with 
a few colored semaphore discs then employed as railroad signals. 
In the past fifty-four years that collection has become inter- 
national in scope and is considered “the most representative 
collection of modern glass in the entire world.’’ 

When Professor Silverman retired from teaching in 1951 he 
presented his glass collection to Alfred University, which has 
the oldest Department of Glass Technology in America. There 
it constitutes a corridor museum on the main floor of the New 
York State College of Ceramics building. 

Cast glass goes back to Roman times and evolves to modern 
plate. Window glass ranges from the old hand cylinder of the 
twelfth century to the latest continuous-drawing machine 
product. 
continues to the new almost pure quartz product of America. 
Optical glass starts with medieval] France and includes a chunk 
from the first attempt at producing the 200-inch Palomar re- 
flector. Bottles range from early Egyptian flasks to the vials 
and bottles of modern machines that yield millions of containers 
daily. Of art there is endless variety and great beauty. A 
unique example is the glass sculptured bust of Shakespeare 
shown in the accompanying photograph. 


Laboratory ware goes back to Jena, Germany, and . 


4 
‘ 
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ELECTROCHEMICAL METHODS AVAILABLE 


FOR REACTION MECHANISM STUDIES’ 


Te purpose of this paper is to review for chemists who 
are not specialists in electrochemistry the electrochemi- 
cal methods which are presently available for studying 
reaction mechanism. Electron-transfer reactions, both 
organic and inorganic, will naturally occupy the center 
of the stage, but electrochemical methods are not 
necessarily restricted to these; neither are they nec- 
essarily restricted to heterogeneous reactions occurring 
at the surface of an electrode. It will not be the pur- 
pose of this paper to review all of the reactions whose 
mechanisms have been studied with the aid of electro- 
chemical techniques although a few such reactions will 
be used as examples. 

The goal of all mechanism studies is to establish the 
stoichiometric equation for each component step in an 
over-all reaction, to establish the order of the steps, 
to measure the forward and (if any) backward rate 
constants for each measurably slow step, and to meas- 
ure the free energy change (or, alternatively, the re- 
duction potential, in case an electron-transfer step is 
being considered) for all steps which are rapid enough 
in both directions so that they achieve essentially a 
state of equilibrium. It should perhaps be empha- 
sized that to write a stoichiometric equation for any 
step requires the formula (preferably the structural 
formula) for each participating species, including a 
knowledge of its charge type and its state of solvation 
or other type of complex formation. Furthermore, 
electrons are conventionally considered as participat- 
ing species in certain kinds of electron-transfer steps, 
and it is therefore important to establish the number 
of electrons involved in each elementary act of electron 
transfer. 


POTENTIOMETRIC METHODS 


Reversible Reactions. The potentiometric method is 
the classical method of measuring reduction potentials 
and is so well known and has been so frequently re- 
viewed that there is no need here to dwell on it at 
length. It is the method par excellence for studying 
free energy relations in reversible redox systems. 
Strictly speaking, of course, classical thermodynamics 
cannot establish the path taken by a reaction since 
thermodynamic properties are independent of the path. 
Nevertheless, the fulfillment of specific thermodynamic 
relationships often gives us specific information of value 


A. EDWARD REMICK 
Wayne State University, Detroit, Michigan 


in the complete characterization of a given mechanism, 
For example, reversibility is established by demon- 
strating the applicability of the Nernst equation or other 
thermodynamic equations such as the Peters equation 
(1). The latter is used especially for organic reactions 
in which hydrogen ions are involved. Expressed in 
terms of the European convention? relating to sign, it 
is: 

RT 


Ey = In 


Ben 
Sred 


RT 


In f(Cu*, Ki, Ke) (1) 
in which Ey is the reversible reduction potential rela- 
tive to the standard hydrogen electrode, and S rep- 
resents the stoichiometric concentration. The last 
term is a function of the actual concentration of hy- 
drogen ions and the dissociation constants. Its precise 
algebraic form varies with the type of oxidant and/or 
reductant involved (2). It is obvious that E°, the 
standard electrode potential, and n, the number of 
electrons transferred per mole of the participating 
species, can readily be determined from measured 
values of Hy and known values of the redox ratio, 
Sox/Srea, if measurements are made at constant pH. 
The values of pk; and pk, can be identified with the 
pH values at the points of intersection of the extrap- 
olated linear portions of the curves obtained when 
FE» is plotted against pH. 

A quite different example of the use of potentio- 
metrically determined reduction potentials in obtain- 
ing information of mechanistic interest is the well- 
known series of investigations carried out by Michaelis 
and his collaborators (3), and independently by Elema 
(4), on the reversible two-step oxidations of pyocyanine 
and other substances which were shown to yield semi- 
quinones as intermediates. They found that the 
stability of semiquinones is a function of pH. By 
choosing a pH value corresponding to as great a stu- 
bility as experimentally practicable, they were able to 
show that these oxidations occurred in two distinct 
steps of one electron each which were compatible wit! 
thermodynamic equations. Here, as in all cases in- 
volving equilibrium measurements, the validity of 
interpretations postulating the existence of certaii 
ionic or molecular species rests upon concordance of 
experimental results with thermodynamic equations o! 
one or another distinguishing mathematical form. 


1 Based on a paper presented as part of the Symposium on Con- 
tributions of Spectroscopy and Thermodynamics to the Teaching 
of Organic Chemistry at the 128th Meeting of the American 
Chemical Society, Minneapolis, September, 1955. 


2The European convention lists standard potentials for 
strongly oxidizing systems as positive and for strongly reducing 
systems as negative. The American system is the reverse an 
would require reversal of + signs in equation (1). 
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hether or not these particular species are the “par- 
ticipating species” in the electron-transfer step cannot 
be determined by thermodynamics alone, but it is 
certiin that these relatively stable species are at any 
rate involved in what might be called “participating 
equilibria.” As such, they contribute to the over-all 
picture, both thermodynamically and kinetically, and 
hence further our efforts to attain what we have called 
“the goal of all mechanism studies.”’ 

A closely related example of interest is the dimo- 
lecular reduction of thioindigodisulfonate by hydrogen 
catalyzed by platinized asbestos (5). The thermo- 
dynamic equation: 


Eq = Ba! 0.0245 log 0.0295 log» (2) 


shows that in this case, in contradistinction to 
the examples already discussed, the reduction po- 
tential is a function of the dilution. Eo’ is the standard 
potential at constant pH, a’ is the moles of dye re- 
duced by the addition of x of oxidant, and v is the 
volume of solution. 

As a further contribution to the general problem 
of determining the equilibrium concentrations of ionic 
species present in solution, it should be emphasized 
that the potentiometric method is practically the only 
method available for examining dissociation equilibria 
involving complex ions. For example, the complex 
ion Ag(CN),~ dissociates to produce a certain con- 
centration of silver ions which cannot be measured by 
a conductance method because of the relatively high 
concentrations of other ions present. It can, however, 
be measured potentiometrically by using a silver elec- 
trode which behaves reversibly relative to silver ions 
alone (6). 

Irreversible Reactions. The potentiometric method 
was used by Conant and his collaborators (7) to study 
the rates of oxidation or reduction of organic com- 
pounds. Platinum electrodes were immersed in a 
poised solution (containing equal concentrations of the 
oxidized and reduced components of a reversible redox 
system) which was connected with a reference electrode. 
The organic material was then dropped into the poised 
solution and the rate of change of potential followed 
potentiometrically. The same organic substance could 
be oxidized (or reduced) by a whole series of poised 
solutions, thereby establishing a relation between re- 
duction potential and the over-all rate of a homogeneous 
redox reaction (not a heterogeneous one occurring at 
the electrode’s surface, presumably). Conant argued 
that such a relation should be expected in case the re- 
action mechanism was of the following type: 


Ox; + Red: = Red; + Oxe (fast) 
Red, — Y, ete. 


(3a) 


(slow) (3b) 


because the rate is proportional to the concentration 
of the intermediate species, Red,, and this in turn 
depends on initial concentrations and the potential 
of the reversible Oxz-Red, system. Conant seemed to 
take the attitude that if an organic compound be- 


haved in accordance with the mathematical require- 
ments of equation (3), the mechanism must be of the 
above type. He predicted that if a case were found in 
which a fast electron-transfer step is preceded by a 
slow step not involving electron transfer there would 
be no relation between potential and over-all rate. 
His prediction was fulfilled eventually by Weissberger 
(8) who showed that the rate of oxidation of benzoin is 
independent of the potentials of the oxidizing agents 
used and that the rate-controlling step is an enolization. 


THE THEORY OF ABSOLUTE REACTION RATES 


Although this theory (9) is common knowledge as 
it relates to homogeneous reactions, a brief explanation 
of its important role in the development of theories 
of electrode kinetics will be given here for the unini- 
tiated. 

The potential-energy diagram for the process of 
discharging an ion at an electrode involves two humps, 
one for the transfer of the ion to the electrode surface 
accompanied presumably by desolvation, the other for 
the electron-transfer step. The ordinate of this dia- 
gram is, as always, the potential energy; the abscissa 
may be taken as the distance from the electrode. A 
potential difference, EZ, exists between the electrode and 
the ions in the bulk of the solution. This potential 
difference, depending on its sign, can help or hinder 
the surmounting of the energy humps. In view of the 
fact that an ion starting in the bulk of the solution (at 
the minimum of the curve) will traverse only part of 
the distance to the electrode in climbing the humps, 
only a fraction (a) of the potential difference, Z, helps 
the activation process. The remainder (1—a)£E hin- 
ders the reverse process which involves the same 
activated complex. When this effect of the potential 
is superimposed on the ordinary absolute-reaction-rate 
equations as they apply in the absence of the potential, 
there are obtained equations for the forward and re- 
verse rates of reaction. Since current is proportional 
to rate, these equations are readily transformed into 


the following ones (for the cathode): 5 
i = exp (anFE/RT ) (4) 
= nFACroa exp [—(1 — a)nFE/RT| (5) 
where the total current, 7, is the algebraic sum of its 
two components, i.e., 7 = i + 7 (C’s are actual con- 
centrations, k’s are, chemical rate constants). By 


convention the reverse current, 7, is negative. Equa- 
tions (4) and (5) constitute the entering wedge ena- 
bling us to relate electrical quantities to chemical rate 
constants. They are the unique contribution of the 


’ theory of absolute reaction rates to electrochemistry. 


At equilibrium, the net current is zero and _ this 


equation becomes: 


‘= = to 


(6) 


This equation defines the exchange current, %. 
The exact meaning of the heterogeneous rate con- 


stants, k,° and k,°, is made clearer by the following 
equations. 


ky = ky exp (“e-) (forward reaction ) (6a) 
ky = ky° exp [“sn" (reverse reaction ) (6b) 


k, and kp are functions of the potential whereas k/ 
and k;,° are not. 

The fraction, a, is known as the “transfer coefficient.” 
It may be determined from the Tafel equation written 
in the form (41): 

n = constant — ps log i (7) 
It is evident that a plot of the overvoltage, n, against 
the log of 7, the net instantaneous current, gives a 
straight line from the slope of which a@ can be deter- 
mined. 


VOLTAMMETRY WITH DIRECT CURRENT 


Introduction. Voltammetry is that branch of elec- 
trochemistry dealing with the relations between voltage 
and current in electrolytic cells. The subject has been 
reviewed recently by Delahay in his excellent book (10). 

Polarization of an electrode during electrolysis is 
well known to be caused by some slow step in the over- 
all process of electrolysis. The rate-controlling step 
might be diffusion and always is at sufficiently high 
current densities,.or it might be electron transfer or 
some other slow step at the electrode surface. If 
electron transfer is the slow step, the theory can be 
formulated mathematically in terms of the theory of 
absolute reaction rates. If diffusion is rate controlling, 
Fick’s laws of diffusion are used as a starting point in 
the mathematical development. Fick’s first law in- 
volves the flux, g, which is the number of moles of dif- 
fusing substance crossing one square centimeter of an 
imaginary plane per second. The law states that the 
flux is proportional to the concentration gradient. 
The constant of proportionality, D, is called the diffu- 
sion coefficient. 


oc (2, t) 
q(2, t) = D 


Note that both q and C are functions of time (¢) and 
distance (x) from the electrode surface. The second 
law shows how the concentration changes with the 
time: 
o?C(z, t) 

Ou? 


The solution of the differential equation representing 
Fick’s second law yields, by using appropriate boundary 
conditions, an equation involving the error function. 
Equations of this type, solved for electrodes of dif- 
ferent shapes, show that a steady state cannot be 
achieved in quiet solutions if plane or cylindrical 
electrodes are used. Only with spherical electrodes 
will a steady state be attained. However, rapid 


oC(z, t) 


D 
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stirring results in a steady state in all cases. 

The dropping mercury electrode, as used in polarog 
raphy, neatly avoids the problem of the steady statg 
by yielding the average current over a recurrent timé 
interval, the “drop time’; or, with suitable instr. 
mentation, it can be made to yield results at some 
definite instant of time measured from the start of the 
drop formation. Thus, instead of giving results ij) 
terms of a steady state it gives them in terms of 4 
reproducible state (11). 

Polarography and Reversible Reactions. The polaro- 
graph serves as a convenient although less accurate 
substitute for the potentiometer in the study of re 
versible redox systems. The number of electrons (n) 
transferred may be obtained by use of the Ilkovic 
equation, one form of which is (10): 


i = 7,082 X 104 nm’/s t'/e (8) 


where m is the rate of flow of the mercury (g. sec. 
—1), t is time, C® (mol. cm.~*) is the concentration in 
bulk of solution, and D is the diffusion coefficient. 

The polarographic criterion for reversibility is 
obedience to the equation: 


B= By,- 


i 
In 
ia —1 


(9) 


where i, is the diffusion current, coupled with the re- 
quirement that the half-wave potential, E.,,, be the 
same for a given reduction and the reverse oxidation. 
The value of n is readily determined from the slope 
of the line obtained by plotting E against the logarith- 
mic term of equation (9). The half-wave potential 
is related to the standard potential of Nernst which 
involves the activity coefficients f and corresponding 
diffusion coefficients D by the equation: 


RT frea Dox 
nF (3s) ] 

Some reactions satisfy equation (9) but are not 
reversible from the potentiometric viewpoint. The 
reason for this discrepancy will become apparent from 
examples to be given later. In such cases, equation 
(10) does not apply, which is to say that the half-wave 
potential may not be as close to the standard potential, 
E°, as it would be for a reversible reaction if the «c- 
tivity coefficients and the diffusion coefficients had 
nearly the same values for oxidant and reductaunt. 
When equation (10) does apply, it is clear that if pH 
alters the half-wave potential, hydrogen ions must }e 
involved in the reaction (cf., also, equation (1)). 

Irreversible Reactions. Reversible reactions, as pre- 
viously remarked, are not nearly as important as iri-- 
versible reactions from the standpoint of mechanistic 
studies. Electrochemical redox reactions involving one 
or more slow steps are amenable to voltammetric study 
and it will be of interest to consider the main methods 
used in studying them and to seek such diagnostic 
criteria for differentiating mechanisms as these studivs 
afford. 

Obviously there must be possible a very large num- 


= — 


(10) 
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her 0! varieties of mechanisms involving electrochemical 
lectron transfer and one or more slow steps. The 
ost studied classes are the following, in which charge 
ypes are not indicated. They will be written as re- 
ductions, but corresponding oxidations are, of course, 
possible. 
ky 

Ox + ne = Red (11) 
ke 


lass A 


ia slow, bidirectional electron transfer is the only step. 


Polarographers call such a reaction “irreversible”’; 
if ky >k», they call it “totally irreversible.” 
ky 
sB T= (slow) (12a) 
ky 
Ox + ne— Red (fast) (12b) 


The participating species in the reduction is furnished 
by a slow “preceeding reaction.’”’ The precursor sub- 
stance, Y, in the kinetic process is not reducible at the 
electrode under the prevailing experimental conditions. 
Polarographers refer to this class of reaction as a 
“kinetic process’ and to the current produced thereby 
as a “kinetic current.” 


Class C Ox, + ne = Red, (fast) (13a) 


k 
Red; + Ox: Ox, +. Red, (slow) (13b) 


b 


The characteristic feature of reactions of this class is 
the partial regeneration of the initial oxidant as the 
result of a secondary oxidation of the primary reduc- 
tion product by an oxidizing substance (Ox) which is 
not reduced at the cathode under the prevailing con- 
ditions. Polarographers refer to reactions of this class 
as “catalytic reactions’ and to the currents thereby 
produced as ‘catalytic currents.’’ These polarographic 
terms are not restricted, however, to the above case 
where Oxs is not reduced electrochemically and where 
the first step is fast. 


Class D Ox + ne = Red (fast) 
Red — X 


(14a) 


(slow) (14) 


This class of reaction is the electrochemical equiva- 
lent of the Conant type of reaction (equation (3)). 
The rate-controlling step is a “follow-up reaction” 
which is unimolecular, essentially unidirectional and 
homogeneous. The second step may be followed by 
any number of rapid steps without altering the kinetic 
relationships involved. 

Diagnostic Criteria. Let us now return to the prob- 
lem of seeking diagnostic criteria for use in differentiat- 
ing classes of mechanisms. Obviously the class must 
be established before the attempt is made to discover 
the more intimate mechanistic details such as the 
chemical formulas for the participating species in 
each reaction step and the related stoichiometric co- 
eflicients, velocity constants, and free energy changes. 
There are several methods (not involving the use of 


alternating currents) available for ascertaining whether 
the potential-determining step is controlled by dif- 
fusion or by activation (in the Arrhenius sense). It is 
well known that the total overvoltage, 7, is made up of 
three components depending respectively on ohmic 
losses at the electrode surface, on concentration polari- 
zation, and on activation polarization. The relation- 
ship may be expressed by the equation: 


n = no + ne + Na (15) 


These three types of overvoltage can best be distin- 
guished by their discharge characteristics, 7.e., by the 
manner in which the voltage decays after cessation 
of the polarizing current (12). The ohmic overvoltage 
(mo) decays instantaneously, the concentration over- 
voltage (n-) decays slowly and in a complex way, where- 
as the activation overvoltage (n.) decays exponentially. 
Another method utilizes the temperature coefficient of 
voltage, dE/dT, which is several times larger for an 
activation-controlled discharge than it is for a reversible 
process (13). Other ways in which concentration 
polarization can be recognized involve the reduction in 
overvoltage caused by rapid stirring or by irradiation 
with ultrasonic waves (/4). Finally, polarographers 
have shown that the current is proportional to the 
square root of the head of mercury used in the capillary 
tube of the dropping electrode if the process is diffusion- 
controlled but is independent of the head if activa- 
tion control obtains (14). 

Returning now to voltammetric methods, it should 
be remarked that they must be based on rigorous mathe- 
matical theory before they are of any use as diagnostic 
tools. The mathematical methods used in connection 
with electrochemical reactions which are irreversible in 
the over-all sense have become fairly well standardized. 
The current in each case depends upon the rate with 
which the participating oxidant is supplied to the elec- 
trode and (because the electron-transfer reaction is 
usually bidirectional) on the rate with which the re- 
ductant is removed from the electrode; it also depends 
on the rates of electron transfer (forward and back- 
ward). These rates of supply and removal are in 
turn dependent on the rates of diffusion and of the 
“preceeding” or “succeeding” chemical reaction steps. 
The latter may be formulated in terms of the cus- 
tomary equations expressing the law of mass action 
while the diffusion rates are given by Fick’s second 
law. 

If it is desired to introduce the electrode potential, 
the Nernst equation serves if the electron-transfer 
step is rapid; otherwise, the theory of absolute reac- 
tion rates is invoked. 

The equations derived in the manner indicated fur- 
‘nish valuable diagnostic criteria. Methods have been 
worked out for the calculation of the velocity con- 
stants (k,) for totally irreversible, kinetic, and catalytic 
processes. Each class involves a different equation 
and the constants calculated by any given equation 
must demonstrably be independent of the concentra- 


tion if they are to be in accord with the corresponding 
type of mechanism (/0). Other diagnostic criteria 
are frequently used. The variation of half-wave po- 
tential with drop time (¢) for totally irreversible proces- 
ses must obey the equation: 


RT ky® RT 
where nq is the value for the rate-controlling step alone 
(ef., p. 82 of (10)). The variation of current with the 
head of mercury is also frequently used for diagnostic 
purposes. It has been shown for the simplest examples 
of classes A, B, and C that when certain parameters 
exceed given limiting values in one direction or the 
other the processes are respectively controlled by dif- 
fusion or activation and the corresponding type of de- 
pendence on head of mercury is observed (/0). It has 
also been shown for class A that a plot of log k, against 
E should be linear and that the half-wave potential 
shifts to more positive values as the temperature in- 
creases. 

In studying Class C reactions, the so-called catalytic 
current is obtained by subtracting the limiting current, 
observed when Oxs is absent, from the total current 
observed in the presence of both Ox; and Oxy. The 
catalytic current is proportional to the bulk concen- 
tration of Ox; (76). 

Class D reactions have not received comparable at- 
tention. A few such reactions have been studied 
polarographically. Smith, Kolthoff, Wawzonek, and 
Ruoff (17) studied the oxidation of hydroxychromanes 
and hydroxycoumarans. The primary product of the 
reversible oxidation is transformed irreversibly into a 
quinone which, on reduction, does not regenerate the 
initial reactant. Vavrin (/8) studied the oxidation of 
l-ascorbie acid. He assumed that the decomposition 
of the oxidized form is a reversible monomolecular re- 
action. Oldham (/9) studied the reduction of certain 
mercuro-organic compounds, concluding that the pri- 
mary reduction product undergoes subsequent reaction 
with hydrogen ions. Kivalo (20) has criticized ad- 
versely the first two of these investigations. 

A mathematical attack on Class D reactions was 
made by Kivalo (20), using the admittedly question- 
able assumption of a steady state. His approach does 
not yield any knowledge concerning the value of any 
rate constant or the concentration of any substance 
at the electrode surface. It does, however, yield 
equations of the type of equation (9) when suitable 
assignments of relative magnitudes of rate constants 
are made; or it may yield, under certain conditions, 
equations not meeting the polarographic condition of 
reversibility, i. e., not satisfying equation (9). The 
chief value of his paper lies in making evident the 
ranges of conditions under which Class D reactions 
may be expected to show the polarographic char- 
acteristics of either reversible or irreversible reactions. 

Kern (53, 54) has shown mathematically, in com- 
plete agreement with the earlier work of Koutecky 
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(66), that the limiting diffusion current in Class | 
reactions should not be affected by the “ follow-up’ 
reaction step but the half-wave potential is thu 
affected, being smaller than E° and decreasing as th 
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though important, do not serve to distinguish thenfloyrrent 
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method exists, as far as the author is aware, for ob- 
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taining reliable Z° values for this class of reactionsfeompon 


However, Kern (64) also showed that Class D 1. 
actions have a different dependence on drop time than 
“totally irreversible” reactions of Class A, and he used 
this criterion as an argument in favor of classifying 
the oxidation of ascorbic acid as a Class D reaction 
(cf. also (564)). 


ALTERNATING-CURRENT TECHNIQUES 


Introduction. Alternating-current techniques for the 
study of electrode polarization have many attractive 
features. In addition to the variables involved in 
direct-current measurements, frequency, phase angle, 
polarization resistance, capacitance, and wave shape 
become available. With this increased number of 
variables more aspects of mechanism should become 
amenable to study. Concentration polarization is 
much smaller with alternating than with direct cur- 
rents and therefore the effects due to slow discharge 
are unmasked. Voltammetric curves are not affected 
by convection because of the short duration of meas- 
urement. The important coefficient dE /di is measured 
directly and more accurately as a resistance rather 
than as the slope of a curve. The bothersome charg- 
ing current is involved both in direct-current polarog- 
raphy and in alternating-current electrolysis em- 
ploying a sinusoidal current but may be eliminated 
under appropriate conditions by the use of square 
waves (40). 

It has been the author’s experience that an essen- 
tially steady state is achieved very quickly during 
alternating-current electrolysis. The same conclusion 
seems to have been reached by Acree, Bennett, Gray, 
and Goldberg (2/) in their study of transient phenom- 
ena in alternating-current electrolytic cells. 

On the experimental side, alternating-current  tech- 
niques present the added advantage that the cathode- 
ray oscillograph becomes available for use. Thus 
instantaneous values of current and voltage may be 
measured either as transient or steady state phenom- 
ena. 

Polarization Resistance and Capacitance. If an «l- 
ternating-current electrolytic cell is used as one leg 
of an impedance bridge, its impedance and the phuse 
angle of the impedance may be measured, nothing else. 
This impedance may be analyzed into its capacitive 
and resistive (dissipative) components either in terins 
of a series or parallel combination of a resistor and 
capacitor. Thus if one speaks of the equivalent series 


resistance and capacitance of an electrolytic cell, he 
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neans that a resistor and capacitor having respectively 
hese values and placed in series in the balancing arm 
f the bridge would have the same impedance and 
‘aus the same phase shift as the cell does at the given 
frequency (11). 

For some purposes it is convenient to use alternating 
current alone; for other purposes it is better to use a 
very small alternating current superimposed on a 
relatively large direct current. In this case the direct 
component sets the voltage at which it is desired to 
work and the alternating component makes possible 
measurements of the impedance. It is desirable to 
use a very small alternating current so that the wave 
shape is not distorted and mathematical equations 
developed on the basis of a specified wave shape may 
be used. If alternating current alone is used, the 
attainment of the desired voltage usually results in 
a high current and wave distortion. An exception is 
found in the use of poised solutions of reversible redox 
systems (22, 23). 

It is customary to use one electrode of very large 
surface area so that its impedance is negligible. The 
cell impedance may then be taken as the impedance 
of the other electrode alone. 

Consideration may next be given to the origin of 
cell capacitance. If the cell electrolyte contains ions 
which are not readily discharged and a sufficiently low 
potential is applied across the electrodes; no electron- 
transfer reaction occurs and the electrodes are said 
to be “ideal polarized electrodes.” Under these 
conditions, ions are adsorbed on the electrode’s surface. 
There are thus produced two layers of electrical charges 
(one on the electrode, the other on the adsorbed ions), 
the so-called electrical double layer which functions 
as a capacitor when a potential is applied across it. 
The current which is used in charging the double layer 
is called the “charging current”? and the associated 
capacitance is known as the double layer capacitance, 
Cy, which can be measured with an impedance bridge 
(24, 25). Unlike an ordinary physical capacitance, 
(, is a function of the voltage. Its magnitude usually 
lies between 5 and 90 wl'em. ~* (26). 

If conditions are such that chemical transformation 
is produced by the applied voltage, the current used 
chemically is called the “faradaic current.” Under 
these conditions there is a partition of the total current 
between the faradaic and charging processes; the 
double layer functions as a very leaky dielectric and 
the capacitance increases enormously, sometimes reach- 
ing values in excess of 1000 uF’/em.? Since the double 
layer is not discharged, Ca must still be considered as a 
component of the capacitance. The other component 
has been named the “pseudocapacity” by Grahame 
(25). He demonstrated its chemical nature by show- 
ing that the half-wave potential for cadmium chloride 
coincides with the maximum of the capacity-voltage 
curve. The pseudocapacity arises from the concen- 


tration polarization which in turn is conditioned by 
diffusion. 


During one half-cycle electrochemical trans- 


formation at the electrode results in the chemical 
storage of energy and the accompanying creation of 
concentration-overvoltage. During the succeeding 
half-cycle the transformation is reversed and the 
energy is returned to the external circuit. Thus the 
electrolytic cell simulates a physical condenser which 
stores energy on one half-cycle during a voltage rise 
and restores it to the external circuit during the next 
half-cycle. In both cases the voltage lags behind the 
current by 90° and we say that a polarization capaci- 
tance is involved. A faradaic process which is accom- 
panied by a negligible reverse current will, of course, 
give rise to no pseudocapacity (27). To the extent 
that diffusion of reaction products away from the elec- 
trode prevents reversal of the electrochemical reaction 
with current reversal, the polarization capacitance will 
be decreased (reactance and impedance increased). 
The same thing would result from any lag in the dif- 
fusion of the reactants toward the electrode. Thus 
polarization capacitance becomes a function of dif- 
fusion rates or, more accurately, of the relation between 
diffusion rates and the period of the alternating current. 
It thus becomes a function of the frequency of the al- 
ternating current, 7. e¢., it shows dispersion. 

Polarization resistance was discovered in the year 
1896 by Wien (28). He observed that alternating- 
current electrolysis produced a_ resistance increase 
(AR) over the “true” resistance (?,) of the cell, e., 
over the resistance calculated from cell dimensions 
and the conductance of the electrolyte. Thus one may 
write: 

R = Rr + AR (17) 
He suggested that this polarization resistance, A, 
might be caused in part by the formation of poorly 
conducting surface layers, in which case the accom- 
panying electrical energy loss (characteristic of elec- 
trical resistance) appears as heat; or the electrical 
energy could be irreversibly stored as chemical energy 
and hence, being lost to the electric circuit, the “loss” 
would be manifested as a resistance. He envisioned 
the cause of this second kind of polarization resistance 
as a “spontaneous depolarization.” As examples of 
“spontaneous depolarization” he mentioned  unidi- 
rectional secondary reaction steps and diffusion of 
primary reaction products away from the electrode with 
the result that the electrode reaction could not undergo 
reversal and restore energy to the external circuit on 
current reversal. 

Modern research has shown Wien’s surmises to be 
correct. An electrode layer resistance can be pro- 
duced by electrolysis in certain cases and diffusion 
waves definitely do give rise to a component of the re- 
sistance which is called “diffusion resistance’ by the 
Germans. However, as far as the author is aware, 
nobody has yet definitely established that unidirec- 
tional secondary reaction steps contribute to the 
polarization resistance although surely such must be 
the case. Modern research has, moreover, definitely 


| 
| | 


established that slow electron transfer at an electrode 
gives rise to a component of the polarization resistance, 
This component is called “transition resistance” by 
the Germans (e. g., 29) and is symbolized as @ by 
Grahame (11). 

The modern point of view with regard to the re- 
lationships existing between the various components 
of the resistance and capacitance can be conveniently 
described by the equivalent circuit for a half-cell shown 
in Figure 1. If R, is removed from Figure 1, the re- 
sulting equivalent circuit will be found to be in com- 
plete agreement with those suggested by Randles 
(30), Rozental and Ershler (3/), Gerischer (32), and 
Grahame (//). Grahame’s symbols are used in the 
figure. W stands for the “Warburg impedance,” 
which might be called the diffusion impedance. Al- 


DOUBLE LAYER BRANCH 


FARADAIC BRANCH 


Figure 1. Equivalent Circuit 

though it may be expressed as a series combination of 
a diffusion resistance and a diffusion capacitance, 
Grahame prefers not to use these conventional circuit 
elements in the picture because the properties of the 
Warburg impedance are not those of any conceivable 
network built up of physical capacitors and resistors. 
It is a new type of circuit element and deserves a new 
symbol. 

The electrode layer resistance, R,, was added to 
Grahame’s picture by Remick and MeCormick (23) 
because it was demanded by their experimental re- 
sults using platinum electrodes in a poised ferrocya- 
nide-ferricyanide solution. It apparently is equal to 
zero in many other cases. Vetter (38) also saw fit to 
include as a possibility a “protective-layer resistance’ 
in his equivalent circuit. 

Mathematical Theory of the Faradaic Admittance. 
Krom the standpoint of reaction mechanism studies, 
it is only the faradaic branch of Figure 1 in which we 
are interested. In order to calculate the faradaic im- 
pedance (or admittance, which is the reciprocal of the 
impedance) it is necessary to make vectorial subtrac- 
tions of the double layer capacity Ca, the electrolytic 
resistance of the cell R,, and the electrode layer re- 
sistance R,. Of these, Ca and R, can be determined 
by well-known methods (25, 33, 39). 

The same investigators mentioned above in relation 
to the equivalent circuit (17, 30, 31, 32) have also 
succeeded in developing from basic principles a mathe- 
matical theory which extends the earlier theory de- 
veloped by Warburg (34), Kruger (35), and Rosebrugh 
and Lash Miller (36). Only a few of their most signifi- 
cant conclusions can be mentioned here. A variety 
of experimental tests have substantiated the main de- 
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tails of the theory (23, 29, 31, 37, 38). Unless other 
wise indicated, Grahame’s treatment will be followed, 

The transfer resistance, 6, is a function of the electron. 
transfer reaction whereas the capacitive and resistive 
components of the Warburg impedance are expressed, 
respectively, as the sums of a number of capacitances 
and resistances, each of which is a function of one 
substance; i, e., one resistance and one capacitance may 
be written for each substance which is a component 
of the electrolyte (in the sense of the phase rule), 
Grahame groups substances in classes. It will be 
convenient to discuss first systems containing only 
substances of Class I (supporting electrolyte) and 
Class II (substances which undergo periodic changes 
of concentration at the electrode as the result of elee- 
trochemical reaction, but which are not involved in 
“preceeding” or “succeeding” reactions of any kind), 
The following equations are of the most interest. They 
were derived from fundamental principles and apply 
equally well when alternating current of frequency 
w (radians sec. ~') is used alone or when it is super- 
imposed on a direct current. The series equivalent 


capacitance of the faradaic branch is defined as: 
1 
= —, (18) 
where: 
o= (19) 
and; 
(20) 


Bi = 1) 


v; is the number of equivalents of an ion of the ith kind 
produced by chemical action when one faraday of elec- 
tricity crosses the phase interface at the electrode. 


The series equivalent resistance is defined as: 


w'/2 


R,* = 0+ (21) 

Since o involves a summation, it is obvious that 
C,* and R,* represent total contributions from. all 
substances involved. 

From equation (21) it is clear that if R,* is plotted 
against 1/w', a straight line results whose intercept 
on the R,* axis is 6. Thus a simple means of e- 
termining @ is available. 

It follows simply from equations (18) and (21) and 
from the definition of reactance, X, that the resistive 
and reactive components of the Warburg impedance 
are equal, 7. e.: 


X,* = = (22) 


The exchange current (i) may readily be calculated 
from @ by the following equation (30, 42): 
io = (23) 


The exchange current may further be related to 
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the rate constant of the electron transfer step: 


to = nFACk, (24) 


A is the electrode area in cm.?. The rate constant, 
k,, is related to those previously used in equations (4) 
and (5) by the defining equation: 


kh, = exp [ ze] = ky® exp 1 (25) 


where E.° may usually be taken to be the standard 
Nernst potential although strictly speaking it is not 
identical with the Nernst constant (ef., (10), p. 35). 
It should be clear from equations (6a), (6b), and (25) 
that k, is the value of either ky, or ky when EF has the 
particular value £,°, at which value equilibrium is 
achieved, 

The phase angle ¢* is the angle by which the current 
through the faradaic branch leads the corresponding 
voltage. By definition, tan ¢* = X,*/R,*, or: 


tan = (26) 


1 
wC,*R,* 
Since X,* = R,* when @ = 0, it is clear that the phase 
angle approaches 45° as the rate of electron transfer 
approaches infinity. 

Diagnostic Criteria. Owing to the relatively small 
concentration polarization obtaining when alternating 
currents are used, @ and hence k, (ef., equations (23) and 
(24)) may be determined for electrode pfocesses which 
are too rapid to be studied by other methods. Thus 
Randles (22) measured the values of k, for a number of 
“reversible’’ redox systems. He found, for example, 
that the rate constant for the transformation of ferricy- 
anide to ferrocyanide is about 20 times as fast as the 
transformation of ferric to ferrous ion although both 
systems behave reversibly as judged by the potentio- 
metric criterion. When @ is very small, the reaction is 
diffusion-controlled and the phase angle is 45°. Under 
these circumstances, equation (26) shows that the 
quantity wC,*R,* should equal unity at every frequency. 
This is a convenient test. If @ is appreciably large, it 
is still true that the resistive and capacitive components 


of the Warburg impedance are equal. Consequently 
the diagnostic equation becomes: 
— 0) = 1 (27) 


Equation (27) is diagnostic for Class A reactions. 
Furthermore, the phase angle is less than 45°. 

Another diagnostic test for Class A reactions is 
furnished by equations (18) and (21) which give rise 
to the linear relationships pictured in Figure 2. 

Gerischer (29) has shown that the dispersion curves 
of Figure 2 are replaced by those of Figure 3 if there is 
a homogeneous “preceeding”? step (Class B) and by 
Figure 4 if the “preceeding” step is heterogeneous. 
The differences in Figures 2, 3, and 4 constitute power- 
ful diagnostic criteria. 

As far as the author is aware, no alternating-current 
studies have yet been made on reactions of Classes C 
and D. In general it can be said that in order to 
demonstrate that the mechanism of an electrochemical 
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Figure 2. Dispersion Curves for Class A Reactions 


reaction falls in any given mechanistic class, the mathe- 
matical requirements of that mechanism must first: be 
deduced from basic principles (often an imposing 
task!) and then the reaction must be shown experi- 
mentally to be in accord with these requirements. 
In working toward this goal, Grahame (//) has con- 
sidered a number of different classes of substances and 
has shown that Figure 5 conveniently represents the 
faradaic branch of the equivalent circuit for reactions 
involving substances other than Class I or II (or in 
addition to them). It will be noticed that an addi- 
tional impedance, X, has been added, This is not a 
conventional circuit element and will have different 
mathematical properties for each different class of 
substances, 

Although emphasis has been given to the problem 
of determining in what mechanistic class a given re- 
action falls, it must not be forgotten that this is only 
one step toward the goal. Another vitally important 
problem is the determination of the chemical formulas 
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Figure 3. Dispersion Curves for Class B Reacti 
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of the participating ionic and molecular species in each 
step and their stoichiometric coefficients. Notable 
efforts in this direction have been made by Vetter 
(38, 43, 44), Gerischer (45), and Parsons (46). Only 
Gerischer’s approach will be reviewed here. 

Gerischer developed mathematical equations for the 
discharge of metallic ions from solutions in which they 
exist as complexes. The “preceeding” step and the 
discharge step may be written as follows: 


[MX,](s—") = [MX,]@—-2)- + (s — 
[MX,](—-2)- + ne M + 


(28a) 
(28b) 


Figure 5. Faradaic B h for Reacti Invol 
Substances Other Than Grahame’s Classes I and ul 
(or in Addition to Them) 


Owing to the difficulty of determining the concentra- 
tion of any one ionic species, he used the quantities 
A and B which represent respectively the total bulk 
concentrations of all ions containing the metal ions, 
M**, or the complexing anions, X~-. He then de- 
veloped the mathematics on the assumptions that 
B>A and that a supporting electrolyte was used. 
His most pertinent equations are the following in 
which the subscript, “Var...” signifies “change of 

..alone with all other concentrations constant.” 
The concentration of the metal could be variable if, for 
example, the electrode were an amalgam. 


(29 

(1) 
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The values of the differential coefficients on the lef 
hand sides of equations (29-32) can be obtained froy 
the slopes of the linear curves obtained when In 
is plotted against ¢€ (the equilibrium potential for th 
gross process), A, or B. The term OlnB/de, or it 
reciprocal, can also be determined directly from experi 
ment and, in the presence of a sufficient excess 
supporting electrolyte, Olnfx/O0lnCx may be taken 
zero. If, then, 6 is determined by the extrapolatio 
method already described and the exchange curren 
then calculated by equation (23), n being known, | 
can be obtained from either equation (29) or (31) 
Finally, substitution of this value of a@ into eithe 
equation (30) or (32) makes possible the evaluatio 
of the stoichiometric coefficient, », of the electron 
transfer step (not necessarily the slowest step). Fur 
thermore, since vy and nm are now known, the chemi 
ca) formula and charge type of the complex io 
[MX,]°-”~, which is the participating species in th 
electron-transfer step, may be determined. 

Gerischer’s experiments indicated that the value 
of ais apt not to be very close to '/z. Thus in the cas¢ 
of zinc ion complexes in oxalate solution, he found tha 
a = 0.75 + 0.05. It should be emphasized, inci 
dentally, that this method is the most accurate one 
yet devised for the measurement of a and that Geris- 
cher’s values of a agree well with those of Randles and 
Somerton (22). Another point of incidental interest 
in relation to Gerischer’s work with various zinc ion 
complexes is that in no case did the dispersion curves 
show the presence of slow “preceeding” reactions, 
7. e., curves like those in Figure 3 were not obtained. 
He concluded that the ‘‘ preceeding” reactions involved 
must be very fast. 

The value of a@ serves as a diagnostic criterion in the 
sense that values less than unity can only be accounted 
for in terms of a slow discharge step (27). 

Cathode-ray Patterns. One of the most enticing 
potentialities of alternating-current techniques is the 
study of instantaneous variations of the current and 
voltage of electrolytic cells as shown on the screen of a 
cathode-ray oscillograph. The cathode-ray patterns 
(oscillograms) may picture the relation between 
voltage and current, or the time variation of either 
voltage or current may be shown. Either “steady 
state’ conditions or transients may be studied, the 
latter being employed in discharge experiments. 
Oscillographic polarography utilizes the oscillograph 
to produce polarograms. The introduction of har- 
monics into alternating current waves (7. e., wave 
distortion) can be studied oscillographically. 

Apparently Reichenstein (47) was the first to employ 
an oscillograph in studying the polarization of elec- 
trodes. His apparatus was crude and therefore his 
conclusions are questionable (48, 49). 

A particularly valuable use of the oscillograph is in 
the study of electrode-layer resistance. When ex- 
ternal sources of e.m.f. are removed, that portion of 
the electrode polarization due to an IR drop through 
the electrode layer drops immediately to zero leaving 


he remé 
phenome! 
This teck 
ferguson 
Silvern 
studies fe 
nf this t 
studies. 

perhaps 

joning. 

acter istic 
erence | 
probing 

passed I 
guide fo 
grams, tl 
of obser 
scillogr: 
when dq 
slightly 

when dq 
dq/dE is 
layer ca 
capacita 
redox sy 
of a 
to char 
convex 

hand, w 
ing the 
oscillog: 
will be 
easily re 
from th 
of time 
betwee 
layer a 
to the 

disregai 
ends of 
fore dq 
will be 
verse § 
electroc 
region 

expect 
throug! 
if the 

such a 
to A tc 
dation 
At 
duced 
reduce 
travers 


presun 
C mos 
ing th 
used it 


| 
= 
| 
& 
| 
| 
| 
| 
4 
ge 
: 
3 
| 


JCATIOM/OLUME 33, NO. 11, NOVEMBER, 1956 


the 
ned froy 
len In 
1 for t 
0, OF it 
experi 
XCeSs ( 
taken 
polatioy 
curren 
10WN, 
or (31) 
> eithe 
uluatio 
lectron 
. Fur 
chemi 
lex iol 
5 in the 


he remaining polarization to decay slowly. This 
phenomenon is clearly evident on the oscillogram. 
This technique has been reviewed and furthered by 
erguson (50). 

Silverman and Remick (49) made oscillographic 
studies for the purpose of exploring the potentialities 
of this technique as a tool for reaction mechanism 
studies. Their approach was largely qualitative but 
perhaps several of their conclusions are worth men- 
ioning. Their oscillograms were voltage-current char- 
acteristics in which the voltage was the potential dif- 
erence between one of the working electrodes and a 
probing electrode while the current was that which 
passed between the two working electrodes. As a 
guide for the qualitative interpretation of the oscillo- 
grams, they showed that the convex portions (the point 
of observation being considered to be outside of the 
scillographic figure) of the oscillograms may occur 
when dq/dE is decreasing, is constant, or is increasing 
slightly whereas concave portions may occur only 
when dq/dE is increasing rapidly. Remembering that 
dq/dE is the differential capacitance and that the double 
layer capacitance is small compared to the pseudo- 
capacitance associated with the electrolysis of a mobile 
redox system, it is apparent that during those portions 
of a cycle in which most of the electricity is being used 
to charge the double layer, the oscillogram will be 
convex and the voltage rise great. On the other 
hand, when the current is being diverted from charg- 
ing the double layer to causing chemical reaction, the 
oscillogram will become concave and the voltage rise 
will be comparatively small. These features are 
easily recognizable in Figure 6, which was constructed 
from their data. During a given infinitesimal period 
of time there should be a partition of the electricity 
between these two processes (7. e., charging the double 
layer and causing chemical reaction) in proportion 
to the values of the corresponding capacities Cz and 
C;*. If one considers a typical Nernst S-curve and 
disregards diffusion, it is apparent that at the two 
ends of the curve dE/dgq is terrifically large and there- 
fore dq/dE terrifically small and most of the current 
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ween will be used in charging the double layer. The re- 
ither§ verse situation obtains when the redox ratio at the 
ready § electrode surface corresponds to the middle, poised 
, thef region of the Nernst curve. Indeed, here one might 
ents.f expect that the voltage (corrected for the JR, drop 
raph through the solution) would remain almost constant 
har-f if the current density is not too high. In Figure 6 
wave f such a region of constant voltage is observed from E 
to A to C. The poised region is entered at E and oxi- 

ploy f dation continues, at a decreasing rate, from A to B. 
elec- At B the current reverses and the ferricyanide pro- 
' his duced by oxidation and not yet lost by diffusion is 
_ | reduced again, the end of the poised region being 
is inf traversed again at C. (The fact that EAB > BC is 
ex-— presumably the result of diffusion loss.) Beyond 
n of f C most of the electricity presumably goes into charg- 
ugh } ing the double layer although some of it probably is 
ving § used in discharging hydrogen ions, a process for which 
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foxidatie 


6 
Figure 6. C Voltage Ch teristics Corrected for IRr 
Electrolyte: 0.5 M aqueous KsFe(CN)s; current density: 88.8 r.m.s. 


ma.cm.~?; frequency: 100 c.p.s. 


the pseudocapacity is small because of the slow dis- 
charge rate. From D to E the double layer discharge 
is presumably accompanied by the oxidation of hy- 
drogen and at E the potential has become sufficiently 
anodic so that the poised region is entered again. 

They found, as expected, that when the solution 
initially contained only ferrocyanide, the linear por- 
tion of the figure occurred at the top of the diagram. 
When the initial solution consisted of an equimolar 
mixture of ferrocyanide and ferricyanide, the oscillo- 
gram was a straight line (or possibly an exceedingly 
thin ellipse) showing that the system never left the 
poised region during the course of the electrolysis. - 

Silverman and Remick were somewhat mystified 
when an equimolar ferrous-ferric solution yielded a 
badly distorted ellipse with both anodic and cathodic 
tails instead of yielding a straight line. However, in 
view of the subsequent demonstration by Randles and 
Somerton (22) that the ferrous-ferric system is much 
more sluggish in its redox behavior than is the ferro- 
cyanide-ferricyanide system, the appearance of the 
ferrous-ferric oscillogram becomes understandable. 

It is apparent from the foregoing discussion that it is 
possible to learn much qualitatively from cathode-ray 
patterns. There are also unexplored possibilities for 
gaining quantitative information of value. The quali- 
tative information thus quickly obtainable can be of 
very great practical advantage to an investigator at- 
tempting to pick out a suitable system for quantitative 
study. 

Van Cakenberghe (51) has devised a clever oscillo- 
graphic technique by means of which the transfer 
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coefficient may be calculated. He showed mathe- 


matically that at the half-wave potential of a reversible ~ 


reaction, with a = 0.5, the second harmonic of the 
distorted wave should disappear. If the discharge 
step is moderately slow, with a different from 0.5, the 
potential at which the second harmonic disappears 
is not the half-wave potential. However, at this poten- 
tial the transfer coefficient bears a simple relation to 
concentrations and can be calculated. His experi- 
mental method involves the polarization of the elec- 
trode by an adjustable constant voltage and the 
superimposition of a small alternating voltage. Tlie cell 
current is led through a resistor across whose terminals 
a voltage is developed. The alternating component 
of this voltage is amplified and then passes through a 
filter, tuned to the second harmonic, to the oscillograph. 
The polarizing voltage is then adjusted until the os- 
cillograph indicates that the harmonic has disappeared. 


OTHER METHODS 


It is doubtful if the avowed purpose of this review 
would be well served if it were extended to the for- 
midable length required to include all phases of elec- 
trochemistry pertinent to electrode mechanisms even 
though the discussion were continued on the chosen 
plane of superficiality. Admittedly the effects of ad- 
sorption should be discussed but a reasonably ade- 
quate discussion of this subject would add many pages. 

Among the methods omitted from discussion should 
be mentioned voltammetry at constant or controlled 
current or with continuously changing potential and 
methods involving rapid rotation of electrodes or 
stirring of solutions (agitation is advantageous be- 
cause a steady state can then be achieved). These 
methods are reviewed critically and in great detail in 
Delahay’s book (10). 

Finally it should be mentioned that measurements of 
current efficiency, although less glamorous than polaro- 
graphic and impedance measurements, are capable 
of yielding information of genuine value for reaction 
mechanism studies. This is particularly true when 
several reaction products are formed as in the Kolbe 
electrochemical synthesis (for example (52)). The 
use of alternating currents in this field of research has 
not been sufficiently exploited. 
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I n earlier paper (/) emphasis was placed on the cal- 
culation of the ratio of two components in a binary 
mixture. 


Ww, (1) 


(In equation (1) the weights of the components are 
given by w, and identified by the subscripts a and b; 
the total weight of sample is given by W;.) But in 
this paper the ratio of the weight of one of the com- 
ponents to the weight of sample is studied. Here, the 
percentage formula, related to this ratio, is proposed. 


Jou = 100wa/W, = 100(R — Fr) /(Fa — Fr) (2) 


Consider, for example, that equation (1) represents a 
mixture of the chlorides of sodium and potassium. 
On precipitating the chloride ion according to the re- 
action: 


Wa + W = 


Agt + Cl- — AgCl (3) 


the weight of AgCl, equivalent to unit weight of KCl, is 
given by the factor: 


F, = AgCl/KCl = 1.923 (4) 


and the weight of AgCl, equivalent to unit weight of 
NaCl, is similarly given: 


F, = AgCl/NaCl = 2.452 (5) 


The weight of the product, W,, resulting from this 
mixed reaction, is in general: 


FawWa + W> (6) 


Equations (1) and (6) are typical of the simultaneous 
equations involved in such problems. 
Let 


W, = RW. (7) 


where R, the ratio W,/W,, is the weight of product per 
unit weight of mixed sample. Then 


Fawa + Fiw, = RW, (8) 


This shows R to be a weighted linear average of the two 
factors, weighted according to the composition of the 
mixture. Further, R may be considered as an empirical 
factor for a mixture of given composition. Its value 
lies between the values of the factors for the pure 
substances. 


(9) 


If now this sample were pure KCl, the weight of AgCl 
per gram of sample would be 1.923 g., in accord with 
equation (4). Then consider the composition 90 per 
cent KCl to 10 per cent NaCl. Here the AgCl precip- 
itate weighs 1.975 g. per gram of sample. This value 
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lies closer to the value 1.923 g. for the pure KCI than 
to the 2.452 g. for the pure NaCl. 
1.923 < 1.975 < 2.4521 
AgCl/KCl Mixture AgCl/NaCl 


The difference, 1.975 — 1.923, is due to the 10 per 
cent NaCl in the mixture. Accordingly, the weight of 
admixed NaCl is proportional to this difference: 


we = kK(R — F,) 


(10) 


(11) 


Similarly, the weight of the whole sample is propor- 
tional to the difference between the factors themselves: 


W. = k(Fa — Fi) (12) 


The equality of the proportionality constants follows 
from the additivity of component weights in mixtures. 
These equations can be combined and put on a per- 
centage basis: 


Ya = 100wa/W, = 100wa/(wa + wr) = 


100(R — Fy)/(Fa — Fr) (13) 


Equations (2) and (13) agree. The percentage of the 
second component can be derived and expressed in an 
analogous way, or evaluations can be made by sub- 
tracting the percentage of the first component from 
100. Unless data in a given problem are physically 
false, like algebraic signs are assured in the ratio of the 
differences in equation (13). 

The method thus far outlined can be found among the 
many methods given by Ashley (2). A tabulation for 
indirect gravimetric factors for mixtures commonly en- 
countered appears in “Van Nostrand’s Chemical 
Annual” (3). It is based on an equation of the form: 


w= kW, — k’W, (14) 


where the weight, w, of an atomic or ionic constituent is 
sought and the k values are precalculated from the 
factors involved. Other related methods are to be 
found in Caley’s work (4), in Willard and Furman 
(5), and in Willard, Furman, and Flagg (6). Our 
method differs from that of the last three sources by 
basing all calculations on unit weight of sample and in 
choosing to define the gravimetric factor in this way. 
Thus most of the weight terms are eliminated from the 
percentage determination and the calculation of the 
weights of components becomes a secondary matter, as 
the following problem illustrates. All methods cited 
reduce arithmetical operations to a minimum, thus 
tending to avoid accidental errors of computation and 
the loss of significant figures in the calculations that the 
added operations in the standard algebraic procedures 
of simultaneous equations are apt to entail. 

Various binary diagrams, such as that given by 
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Caley (4), are helpful in elucidating derivations and in 
discussing errors of method. Instructors may be in- 


terested in constructing them for composing their own ° 


problems or in checking a variety of students’ results. 
However, for the precise calculation of results the use of 
equation (2) or related equations is to be preferred. 
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Most of the factors commonly used in gravimetry 
have at least five genuinely significant figures. In. 
spection of the problem given in this paper reveals the 
loss of one significant figure in most of the results. 
The defect can be remedied in most cases by using ten- 
fold sample weights. 


Problem: A sample, containing only NaCl and KCl, weighs 0.1253 g. After treating it with 
AgNO; in solution, the AgCl precipitate is found to weigh 0.2624 g. Find the percentages and 
weights of all elements and compounds in the mixture. 


Solution: = — — Fagcinaci) 
= W,/W, 
R = 0.2624/0.1253 
f 1 
= 1,923, R = 2.094, Fagcwnaci = 2.452 
= 100(2.094 — 2.452)/(1.923 — 2.452) we = W. X %./100 
%xei = 100(—0.358)/(—0.529) = 67.7% xc wxei = 0.125 X 0.677 = 0.0848 g 
oxact = 100 — 67.7 = 32.3%naci Wnac! = 0.125 XK 0.323 = 0.0405 g 
K/KCI = 0.524 | 
Fyanaci = 0.393 
%xK = 67.7 X 0.524 = 35.5% x Wk = 0.125 X 0.355 = 0.0444 ¢g 
= 32.3 X 0.393 = 12.7%na = 0.125 X 0.127 = 0.0159 ¢g 
= 100 X X W,/W, 
%er == 100 XK Fevagcei X R 
Fovage: = 0.2474 
%er = 100 X 0.2474 K 2.094 = 51.81% c1 wei = 0.1253 X 0.5181 = 0.06492 g. 


Some instructors might prefer an algebraic derivation 
of equation (2) such as the one to follow. From equa- 
tions (1) and (8): 


F Wa + Fyw, = Rwa + Rw, = RW, (15) 


Selecting the term, F,w,, subtracting it from both sides 
and rearranging: 


Fawa — Fiwa = Rwa + Rw, — — (16) 


On factoring the terms of equation (16): 


wWa(Fa — Fr) = (wa + w)(R — Fi) (17) 


and 


wa/W, = Wa/(We + w) = (R — Fr)/(Fa — Fr) (18) 


Multiply through by 100 to show agreement with equa- 
tion (2). 

It is obvious that no solution of such problems is 
possible if the factors for the pure substances are iden- 
tical in value: F, — F, = 0. Further if there is but 
slight difference between them, no precise solution of a 
given problem can be expected. Consider the deter- 
mination of the chlorides of cobalt and nickel by con- 
verting them to the sulfates (7). The factors to be used 
differ by approximately one part in a 1000. Slight 
errors would be magnified enormously. Thus, in 
general, precision of method is enhanced the greater the 
difference between the factors to be used. Further, it 
can be shown that equivalent amounts of both com- 
ponents in a given sample lead to the optimum determi- 
nation of both components in a given mixture; other- 
wise the precise determination of one component is 
favored at the expense of the other. 


The application of equation (2) asa general mathemat- 
ical form is not limited to binary mixtures on mere 
weight basis alone. A similar method is suggested by 
Johannsen (8) for the refractometry of certain liquid 
mixtures on the basis of their volumes. Palmer (9) 
uses this general method for the analysis of nonideal 
liquids by plotting their vapor densities against mol 
fraction. Young (/0) indicates a number of applica- 
tions, where the function is either obviously linear, as it 
is in this paper, or is presumed to be sufficiently linear 
for the purposes of a given experiment. 
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HERE is no getting around the fact that the words 
“ou use determine whether or not you communicate 
anything even approximating what you are trying to 
mmunicate. You cannot, therefore, be too careful 
in your choosing and using them. 

Your words must be precise, but the precision must 
»¢ within the comprehension of the reader. As is 
the case with a symbol in a mathematical equation, 
if there is any doubt about the meaning of a word, it 
must be defined. You cannot assume that your reader 
will put precisely the meaning on your word that you 
do. The meaning of technical words can change with 
great rapidity. A word meaning a part of a science 
may rapidly come to mean the whole; and conversely, 
words designating a whole field may come to designate 
only a part of it. When a selection must be made 
between two or three possible words, it is usually 
preferable to choose the familiar, the conventional, 
the accepted word. 

It is difficult to realize that a word you may have 
been using to stand for a concept or a piece of equip- 
ment may not be the term in general use at all; your 
mistaken use of the word may simply not have been 
called to your attention. It may be that the word is 
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one which a very small clique uses, perhaps only the 
people who are working on a particular problem. You 
are communicating nothing if you assume the reader 
knows the meaning of this word. 

Style is essentially the manner in which a writer 
puts his words together. It is good or bad depending 
on how effective it is. Too many long sentences may 
make the final product hard to read; too many short 
sentences will make it choppy. The technical writer 
usually has to try to shorten and clarify his sentences, 
since technical writing tends to become very complex, 
with long and involved sentences. 

Every writer combines his words in his own personal 
way, and one of the first things he should do is deter- 
mine his idiosyncrasies and work to perpetuate the 
good points of his style and eliminate those which are 
defective. 

Technical writing has some often-used words and 
word patterns. 

Technical prose makes much use of the passive tense: 


The sodium isthen placed in the retort. 


The subject is acted upon. 
Technical prose also makes much use of the im- 
pevative: 
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Place the sodium in the retort. 


The subject (you) is understood. 

Personalization is to be avoided. Do not say “The 
Company’s facilities’; say “the facilities of the Com- 
pany.”” Do not say ‘‘the liquid’s boiling point’; say 
“the boiling point of the liquid.” The personal pronoun 
and reference to the reader are usually avoided. How- 
ever, in mathematics texts such expressions as ‘If 
the reader will then transpose Eq. 10,” or “We next 
integrate from 0 through 1,” are frequently found. 
However, in relatively informal informative instruction 
material such as this paper, the use of the personal 
pronoun is to be preferred. 

English is almost entirely lacking in inflectional 
endings (compare Latin for instance). Word order, 
then, becomes of paramount importance. Shifting of 
words changes not only emphasis but meaning. These 
two sentences have the same words and exactly opposite 
meanings by shifting the word order: 


The jet swerved into the rocket. 
The rocket swerved into the jet. 


Normal English word order in the sentence is: 
subject, predicate, modifiers. 


Ten rounds were fired in salvo from each of the 4 battle ships, 
3 cruisers, and 7 destroyers screening the harbor. 


The secret of writing long sentences that are easy 
to read lies in putting the subject and predicate close 
together at the beginning of the sentence so that the 
reader will not become confused by the modifiers 
separating subject and predicate. 

A meaning may gradually be enlarged or limited 
without the author’s being aware of it. This danger is 
particularly great if a long time is spent in writing and 
rewriting the report, or if there are several authors 
working on different sections, each using the word in 
his own way. If you find your use of a word shifting, 
it is wise to question whether you have defined it 
properly, or have the right word, since it apparently 
does not fit your need. There is often no other way 
to define a word for the usage within a report than to 
try it and see how well it fulfills your need. 

The use of American English is preferable. Avoid 
Latinisms: For the plural of formula, use formulas 
rather than formulae; memorandums rather than 
memoranda. Avoid Britishisms: The British meaning 
of a word is often radically different from its American 
counterpart. 
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American British 
kerosene paraffin 
druggist chemist 
gasoline petrol 
newspaper man pressman 
wringer mangle 


Drop the u that is retained in British spellings: 
color, not colour. 

Persistent Misconceptions and Errors. Infinitives 
may be split when there is a definite purpose for doing 
so. Do not confuse “split” compound verbs with 
split infinitives. It is perfectly proper to break up a 
compound verb with an adverb; e. g., “. . .he was 
apparently going...” A preposition at the end of a 
sentence is perfectly good English, and has been used 
by the best writers, past and present. That “pure” 
Anglo-Saxon words give us genuinely clear forceful 
statements rather than the borrowed romance element 
is flatly opposed by some authorities. Launsberry 
in his “The French Element in English” has this to say: 


But the moment we leave the domain of common life, the mo- 
ment we come to matters which appeal to the intellect rather than 
the heart, the inadequacy of the native element to express what 
we have to say forces itself upon the attention. 


Find the word you want and use it as many times as 
you need it, keeping foremost in mind its present-day 
usage. The only time the etymology of a word need be 
considered is when there is a question of very fine 
discrimination between two similar words. Beware of 
the cult of brevity; it is not always true that the 
shortest way to say something is the clearest. Remem- 
ber that in writing a report on a process or experiment 
you are closest to the details. What may be very clear 
and simple to you may take a great deal of explaining 
to someone else. It is better to be wordy than not to 
be understood. Avoid piling up adjectives: 


power-plant economic improvements 
decreased excess-air quantity 


By adding one word these become much easier to read: 


economic improvements of power plants 
decreased quantity of excess air 


Certain word patterns demand consistency within 
themselves. These often give the writer difficulty 
because intervening words obscure the relationship. 
Predicate and subject in a sentence must agree in 
number. Do not let yourself be confused by the mere 
form of the word; words ending in s may or may not 
have the plural idea attached: 


Ten grams was added. 


The word grams is plural, but ten grams is one quantity 
and takes a singular verb. Some nouns and pronouns 
are sometimes singular, sometimes plural. If they 
are used as a unit, the verb may be singular; if as a 
group composed of several individuals, the verb may 
be plural. 


An evaluation group was set up on the Station. 
The evaluation group were moved to the Administration Build- 
ing. 
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The pronoun none may be either singular or plural 
Each and everyone are singular and take a singula 
verb. Data may be plural (if it refers to many values 
or singular (if it refers to all of the values as a whole), 


The data were recorded automatically. 
The data was published in 1949. 


As with nouns and their verbs, pronouns and th 
substantives they refer to must agree in number, even ir 
different sentences. 


Wrong: The rocket was designed and built in 90 days. They 
are now being used in Korea. 


Right: The rocket designed and built in 90 days is now being 
used in Korea. 
or The rocket was designed and built in 90 days and it 


is now being used in Korea. 


A more subtle shift may involve not only a shift 
in number but also an actual shift in reference. 


A double-base powder was used throughout these experiments. 
They then tried tri-base powders. 


Here the word they beginning the second sentence has 
no antecedent; there has been a shift from talking about 
powder to talking about the people handling the 
powder. This shift in subject, using a pronoun for 
which there is no antecedent, is a persistent error and 
should be guarded against carefully. 

There are two types of “ing” words that give the 
writer trouble. One is used as a noun and one as ali 
adjective. 


Firing began at noon. 
The firing pin was shattered. 


In the first sentence, the “ing” word is the subject of 
the sentence, and in the second, it modifies the subject 
of the sentence, pin. Note that in neither case are 
those words used as verbs. Wher used as a verb 
(present participle) the “ing” word must be accom- 
panied by another verb. 


The batteries were firing directly into the wind. 


In this sentence were firing is the compound verb. 
Because there is a verb form in conjunction with the 
“‘ing”’ word does not mean that you necessarily have a 
sentence. This is not a sentence: 


The rocket failing to fire, the fuse having failed. 


How and Where to Find the Desired Word. The 
usual place to begin a word hunt is with the big ‘‘ Web- 
ster’s International Dictionary.” The New Words 
section is valuable, and the work as a whole is very 
strong on chemistry terms. The latest “‘Webster’s 
New Collegiate Dictionary” often has words that the 
“International” does not. ‘ Webster’s’’ puts the oldest 
derivations and meanings of the word first; the “‘ Win- 
ston American College Dictionary” puts the common 
meanings of the word first, and the etymology of the 
word at the end of the entry. 

Remember that dictionaries, of any kind, are not 
a law unto themselves; they serve as guides, trying ‘0 
standardize words, but they must by their nature be a 
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The 
technical writer, in his search for and his adaptation 
of words to suit his needs in these days of rapid techno- 
logical development, must be up forward among those 


little behind the development of the language. 


who are changing the language. He must occasionally 
“99 out on a limb,” but he must know exactly what he is 
doing, and he must be sure that his reader knows what 
he is doing. 

There are dictionaries for almost every branch of 
science and engineering. In very heavy use are: 
“Chamber’s Technical Dictionary,’’! “Hackh’s Chemi- 
cal Dictionary,”? “James’s Mathematics Dictionary,’’* 
“Van Nostrand’s Scientific Encyclopedia.”* If you 
want synonyms to help you sort out the possible words 
you could use, there are “Webster’s Dictionary of 
Synonyms,” and the old stand-by “ Roget’s Thesaurus.” 
To check the spelling and proper form of firm names and 
brand names there is ‘‘Thomas’ Register of American 
Manufacturers,’”® or ‘‘Poore’s Register of Directors 
and Executives.’ 

Check the names of equipment with ‘Thomas’ 
Register,’ with the name of the equipment itself, with 
the catalogue, or with the letterhead from the company 
from which it was ordered. If your spelling, forms, and 
capitalization are wrong when you put them in the 
report, they will be wrong when the report is published. 

As a connective between coordinate statements, so is 
typical of informal style and is to be avoided by careful 
writers. Use of so usually shows that the subordination 
problem has not been well thought out. 

Usually etc. is meaningless. Get together your film 
and flash gun, etc., means: Get together your camera 
equipment. 

Expletives are meaningless fill-in words and should 
be avoided. 

It is difficult to determine the cause of failure. 

There were the same number of molecules present in each 
case, 


These sentences are better if written: 


The cause of failure was difficult to determine. 
The same number of molecules were present in each case. 


Redundancy and tautology consist in saying the 
same thing twice and exhibit a lack of clear thinking. 
The following list of examples is illustrative. 


connect up 
continue on 
inside of 

entirely complete 
but nevertheless 


cause of . . . is on account of 
pair of twins 

modern equipment of today 
an entire monopoly 

close proximity 


1“Chamber’s Technical Dictionary,’’ The Macmillan Co., 
New York, 1944. 
2 “Hackh’s Chemical Dictionary,’’ The Blakiston Co., New 


York, 1944. 


3 A. A., ET AL., “Mathematics Dictionary,’’ D. Van 


Nostrand Co., Inc., New York, 1949. 

4 “Van Nostrand’s Scientific Encyclopedia,’’ D. Van Nostrand 
(o., Inc., New York, 1947. 

5“Thomas’ Register of American Manufacturers,’’ Thomas 
Publishing Co., New York, 1954. 

6 “Poore’s Register of Directors and Executives,’’ Standard & 
Poore’s Corp., New York, 1956. 


final outcome and moreover 

as a general rule bisect into two parts 
important essentials audible to the ear 
seeming paradox square in shape 

true facts few in number 
assemble together big in size 


WORDS COMMONLY CONFUSED 


absorb, adsorb. Absorb: to take up or drink in; adsorb: to 
condense in a layer on the surface. 

accept, adopt. Adapt; to adjust, make suitable, remodel; 
adopt: to accept, receive as one’s own. 

adhere, cohere. ‘Two or more separate things may adhere (stick 
together). Parts of the same thing cohere (hold together). 

adherence, adhesion. The words are often interchangeable, 
though adhesion is more likely to refer to the physical, adherence 
to the mental or social. 

Y affect, effect. As verbs—affect: to influence, to pretend; 
effect: to accomplish, complete. As nouns—affect: factors 
determining thought and conduct; effect: factors definitely 
attributable to a cause. 

aggregate, total. An aggregate is a collection of particulars in a 
mass or whole; a total is a whole or entirety without special refer- 
ence to parts. 

aliquant, aliquot. Aliquant: contained in another number, but 
with remainder; aliquot: contained in another number without 
remainder. 

allready, already. All ready is an adjective meaning completely 
prepared; already is an adverb meaning before now. 

all together, altogether. Altogether, meaning entirely, com- 
pletely, is often mistaken for all together meaning collectively. 
~ allude, refer. Refer to a thing by a clear and direct statement; 
allude by a passing, indirect, sometimes obscure remark or hint. 

alternate, alternative. Alternate: first one and then the other; 
alternative: one without the other. 
/ altitude, elevation. Altitude is absolute, elevation may be rela- 
tive. 

among, between. Among is to be used in referring to more than 
two things; between to only two. 

anhydrous, hygroscopic. Anhydrous: destitute of water, 
dried; ‘hygroscopic: capable of absorbing moisture. 

apparently, seemingly, obviously. Apparently and seemingly 
suggest that the senses or perception may be at fault and some 
doubt present while obviously expresses certainty or complete 
clarity or recognition. 

appear, seem. Appear refers to an effect upon the senses; 
seem, to one on the mind. 

apprehend, comprehend. To comprehend is to grasp completely ; 


~ to apprehend is to perceive the main drift or to look forward with 


foreboding. Apprehend has also a specific use in the sense of 
arrest, make a prisoner of. 

balance, remainder, rest. Balance implies a difference in equal- 
ity as in a bookkeeper’s accounts, and should not be used in the 
sense of remainder or rest, when objects or individuals are meant. 

beside, besides. Beside: at the side of; besides: in addition 
to, moreover. 

bi-, semi-(monthly, weekly, yearly, etc.). Bimonthly: 
two months; semimonthly: twice a month, etc. 

cite, quote. To quote js to repeat the words of the original; to 
cite is to refer to or to give the substance of the original. 

conclude, decide. Conclude implies previous consideration or 
exercise of judgment. One may decide on the spur of the moment, 
but concludes after reflection. 

consequent, consequential. Consequent (adj.): following as a 
natural result; consequential: important or self-important. 
_continual, continuous. The continual lasts but with perhaps 
pauses or breaks; the continuous lasts without pauses or breaks. 

definite, definitive. Definite: clear, precise, unmistakable; de- 
finitive: conclusive, permanent, unalterable, final. 

deterrent, detriment. Deterrent: that which hinders, slows 
down; detriment: that which causes damage, injury, loss. 

discover, invent. You discover what is already in existence; 
invent something new. 


every 
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electric, electrical. Electric: containing, producing, arising 
from, acutated by, or carrying electricity, or capable of so doing; 
electrical: related to, pertaining to, or associated with electricity, 
but not necessarily having its properties or characteristics. 
elemental, elementary. Elemental refers to the great forces of 
nature or of feeling; elementary refers to the basic or rudimentary 
parts of a whole; elementary grades. 
emerge, immerge. Emerge: to come forth or out; immerge: 
plunge into or under. Immerge is rare, immerse is more often 
> enormity, enormousness. Enormousness refers only to size; 
enormity to morals. 
equable, equitable. Equable: of even or balanced range or 
uniform condition, not varying; equitable: fair, just, impartial. 
eruption, irruption. Eruption: a bursting out; irruption: a 
bursting in. 

especial, special. Use special. 

V exceedingly, excessively. Excessively is stronger than exceed- 
ingly. Exceedingly means much; excessively means too much. 
expect, suppose, suspect. Expect suggests looking into the 
future; suppose, believing or receiving as true; suspect, the idea 

of suspicion. 
expedient, expeditious. Expedient: advisable or advantageous; 
expeditious: quick or speedy. 
farther, further. Farther refers to physical distance; further to 
extent or degree. 
flair, flare. Flair: instinctive power of discriminating or taste 
combined with aptitude; flare: sudden or unsteady light or 
flame. 

flaunt, flout. Flaunt: make ostentatious display or vulgar 
show; flout: reject contemptuously, sneer at, jest. 
forceful, forcible. Forcible implies the presence or use of force; 
forceful, the predominance or dumination of force. 
fortuitous, fortunate. Fortuitous means accidental, chance, un- 
designed; not to be confused with lucky. ‘ 
guess, suppose. Guess: hazard an opinion which is admitted 
as insufficient; suppose: there are grounds for assuming the 
thought to be true. 
hardly, scarcely. In strict usage scarcely refers to quantity and 
hardly to degree. 
homogeneous, homogenous. Homogeneous: of the same nature 
or constitution; homogenous: of the same origin. 
hyperbola, hyperbole. Hyperbola: a geometrical figure; hyper- 
bole: an artistic exaggeration. 
hypercritical, hypocritical. Hypercritical: overcritical; hypo- 
critical: pretending to be what one is not. 
hypothecate, hypothesize. Hypothecate is a legal or financial 
term meaning to pledge, pawn, or mortgage. Hypothesize means 
to make hypotheses. 


immanent, imminent. Immanent: indwelling; imminent: 
impending. 
impassable, unpassable, impassible, impassive. Impassable: 


closed, offering complete obstruction to; unpassable: not to be 
passed (in speed); impassible: unfeeling; impassive: un- 
emotional, stoical, apathetic, calm, serene. 

imply, infer. Imply means to suggest; infer to surmise or con- 
clude. 

incipient, insipient. Incipient: beginning to exist; insipient: 
unwise. 

inflammable, inflammatory. Inflammable: readily set on fire; 
inflammatory: tending to produce heat or excitement. 
ingenious, ingenuous. Ingenious: skillful in contriving, in- 
ventive; ingenuous: artless, open, naive, innocent in a good 
sense. 

insoluble, unsolvable, insolvable. All three are used in the sense 
of not to be solved or explained, but unsolvable or insolvable means 
only that, while insoluble may mean not to be dissolved. 
irregardless. Use regardless. 

junction, juncture. The words are interchangeable in the sense 
of the act of joining or union, but juncture is used in the special 
sense of a point of time, a crisis or exigency, while junction is used 
in the sense of crossroads. 


JOURNAL OF CHEMICAL EDUCATION 


livid. The word does not mean red, as some think, but black 
and blue, greenish, or ashy gray. 

luzuriant, luxurious. Luxuriant: abounding, teeming; luxuri- 
ous: given to indulgence of the sense. 

momentarily, momently. Momentarily: for or during a mo- 
ment, transitorily; momently: from moment to moment, 
moment by moment, intermittently. 

observance, observation. Observance: attending to or carrying 
out a rule, duty, or custom; observation: consciously seeing or 
taking notice. 

ontogeny, ontology. Ontogeny: a biological term for the history 
of the evolution of the individual; ontology: a philosophical 
term for the science of real being, the theory of reality. 

pendant, pendent. Pendant is a noun, pendent an adjective, 
Pendant: something that hangs; pendent: hanging. 

place, put. Put is the more general term. Place denotes greater 
care and exactness. 

practicable, practical. Practicable: feasible; practical: suited 
to or fitted for use or action. 

preceding, previous. Preceding refers to that which precedes 
without an interval; previous to that which precedes at any time. 

proof, evidence. Strictly, proof is the effect or result of evidence 
and evidence is the medium of proof. 

principle, principal. Principle means general truth or belief; 
principal means the main or primary. 

proportion, ratio. Proportion: a comparative part; ratio 
refers to the quantitative relation between two similar magni- 
tudes. 

rare, scarce. A thing (a metal for instance) may be scarce 
without being rare. 

restrain, restrict. Restrain: to curb, check, repress; restrict: 
to restrain within limits, confine. 

result, resultant. Keep resultant for use in algebra or mechanics. 

stalactite, stalagmite. Stalactites grow downward; stalagmites 
upward. 

technics, techniques. Technics: technical rules, methods, or the 
doctrine of an art or a technology; techniques: manners of per- 
formance. 

tortuous, torturous. Tortuous: winding, twisting; torturous: 
having the quality of torture. 

unquestioned, unquestionable. That which is unquestioned is 
not or has not been questioned; that which is unquestionable 
cannot be decently or sensibly questioned. 
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A NEW PHOTOCOPYING PROCESS FOR 


PUNCHED CARDS' 


As parr of a long-range research program recently 
initiated (on the chemistry of peat), the preparation of 
an exhaustive literature survey of the subject was as- 
signed to this Laboratory. This literature survey is 
being prepared in the form of a punched-card system, 
each card, for the most part, containing a pertinent 
abstract copied verbatim from Chemical Abstracts. An 
idea as to the size of the system is given by the fact 
that about 10,000 such cards have already been pre- 
pared. Moreover, since the project is a cooperative 
undertaking involving several groups on various cam- 
puses of the University of Minnesota, every card is 
prepared in duplicate. 

The preparation of each card involves the following 
steps: 

(1) Copying an abstract of the material onto the 
card. 

(2) Proofreading the card. 

(3) Analyzing the data and indicating which posi- 
tions are to be punched. 

(4) Checking step 3. 

(5) Punching the indicated positions. 

(6) Checking step 5. 

Steps 5 and 6 are clerical in nature and require rela- 
tively little time. Steps 1, 2, 3, and 4, on the other 
hand, are relatively time-consuming. Of these, 3 and 
4 require the services of personnel with some scientific 
background plus experience with the topics under con- 
sideration. For these steps, no method of short-cut- 
ting appears feasible that will not at the same time 
introduce errors, which cannot be tolerated in a work of 
this nature. Even more time-consuming than steps 
3 and 4, however, are 1 and 2—copying and proof- 
reading, particularly the copying, which until now has 
been done by typewriting. It therefore was clear that 
the place to look for greater efficiency was in steps 1 
and 2, and that if a photographic copying process could 
be developed, not only would it be far faster and less 
costly than typing, but.it would also eliminate the proof- 
reading step. The advantages would be several-fold: 
significantly lower costs, virtual elimination of errors, 
equal legibility of both first and duplicate copies (in 
typing of cards, only one carbon can be made, and it is 
only barely legible), the feasibility of making as many 
duplicate sets as seem desirable, rather than the one 
duplicate that is possible with a single typing. 


! We are indebted to the State of Minnesota Iron Range Re- 
sources and Rehabilitation Commission for their support of the 
“Chemical Products from Peat’’ Project, on which this work was 
done. 
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MOSES PASSER 
University of Minnesota, Duluth, Minnesota 


Investigation of commercially available techniques 
disclosed two possible approaches. One was the use 
of microfilm aperture punched cards, such as the McBee 
Keysort or the IBM Hollarith.2 This would require 
relatively elaborate and expensive microcopying equip- 
ment. Another, and perhaps more serious, objection 
was the fact that the finished cards would be legible 
only with the use of a microfilm reader. Such a re- 
striction, it was felt, would tend to make the punched 
card system, which was intended for active use, rather 
cumbersome. 

A second approach was the use of punched cards with 
photosensitized surfaces for direct photocopying.* **® 
This would overcome one of the objections raised 
against microcards, but a relatively cumbersome and 
expensive photocopying step would still be involved. 
Nevertheless, this method would have received serious 
consideration had not the new process discussed below 
been developed. 

The past few years have seen the rapid development 
of a new principle of photocopying—lensless copying 
with sensitized bases. All function by the same 
general techniques: The material to be copied is placed 
in contact, in an illuminated chamber and for a definite 
time period, with a photosensitive negative paper; the 
latter is then immersed in a developing solution,’ re- 
moved, and placed in contact with a positive paper; 
the two are passed between a pair of rubber rollers and 
then peeled apart, with the material to be copied ap- 
pearing on the positive paper. The entire process re- 
quires about two minutes and the copy is immediately 
ready for use, except for a short drying period. Under 
favorable conditions, as many as half a dozen prints 
can be made from a single negative. 

While in some of these processes the positive paper 
is also photosensitive, in certain ones the positive paper 
is not photosensitive. This fact—the availability of 
processes in which material can be copied on nonsensi- 
tive paper—suggested the possibility that punched 
cards might serve as the positive paper, with all the 
advantages described above. Consequently, various 


2 Doss, M. P., Editor, ‘Information Processing Equipment,”’ 


‘Reinhold Publishing Corp., New York, 1955, pp. 79, 83, 85. 


3 Ibid., pp. 216, 220. 

4 Smrtu, C. H., U. 8. Patent 2,206,206, July 2, 1940. 

5 CurrEnT, I. B., U. S. Patent 2,490,033, Dec. 6, 1949; U. S. 
Patent 2,496,272, Feb. 7, 1950. 

6 Doss, op. cit., pp. 41-9. 

7 In some of the commercial processes, the entire procedure is 
dry, no solutions being used. 
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Figure 1. Photocopied 5- X 8-inch Punched Card, Front Surface Figure 2. Back Surface of Same Card as in Figure 1 


commercial machines of this type now on the market js designed. While all of the available grades of 
were investigated as to their feasibility in this applica~ punched-card stock gave passably legible reproduction 
tion. j ; a of large-print material, there was considerable running 

Most of the available machines that use nonsensitive of color, and with fine-print material (such as, for 


positives, it was found, are designed for the copying of example, as found in Chemical Abstracts) the reproduc- 
material from single sheets of paper, or possibly very tion was not always legible. 

thin books or journals. Since the material on punched At this stage, samples of card stocks having the neces- 
cards is usually copied from bound journals or books, sary mechanical strength for punched-card applica- 
these machines were at once eliminated from further  tion—both the various grades already used for punched 
consideration. Two units,’ however, are so designed cards and also materials not previously used for punched , 
that they can be used to copy material from books: cards—were solicited from punched-card manufac- Sr faa 
the Verifax Printer (Eastman Kodak Co.) and the turers® and subjected to Verifaxing.”” While most | much 
Photostat Instant Copier (Photostat Corp.). Ac- stocks gave indifferent results, eventually one of the prime 


cordingly, experiments were carried out with these in samples—110-Ib. Hammermill Index!'—proved suita- } tho sa; 
which standard punched cards were substituted for the ’ 


chemis 
positive paper normally used with these machines. ® We are indebted to the Charles R. Hadley Company, Los perime 
It immediately became evident that while the posi- Angeles, and to the McBee Company, Athens, Ohio, for their ae hom 
tive paper or card stock need not be photographically generous cooperation in supplying these samples. ios 


sensitive, nevertheless it must have certain absorbency- In the subsequent discussion any comments made about ng 
of-surface characteristics for good copying. The the Verifax would apply equally to the Photostat, and probably 


: to other copying systems. The essential problem was not to | folded 
punched card, on the other hand, must have sufficient develop a copying system—these were already available—but | linkag 


mechanical strength for the needling work for which it  yather to develop a punched card that could be used in one of the | ——— 


1 
* It is quite possible, of course, that other units of which the °*!8ting systems. cb 
writer is unaware also have this feature. 11 Submitted by the Hadley Company. 


ese 
@ 
-» 
con 
reayious 
© 
e 
wit 
mre, 
agrees 
© 
ak coals. 4 
(S08 
é 
2 ee 
¢ 
. 
| 
te 
| 
| 
| 
| 


OLUME 33, NO. 11, NOVEMBER, 1956 


ble for the desired purpose, and we have accordingly 
standardized on this material as the stock for our 


. punched cards. 
* Figures 1 and 2 are photographs of an item from 
e ‘hemical Abstracts’ that was copied by Verifax on one 
e of these cards. It is an unusually severe test, because 
ion @ of the following: Chemical Abstracts uses relatively small 
m® @fptype; the item is from the inside column, near the bind- 
a] ing, which makes for more difficult manipulation than 


would be the case with an item from an outside column; 
the item begins at the bottom of one page and con- 
tinues on the next, and this illustrates one more advan- 
tage of the method, the fact that copying is possible on 
both sides of the same card. 

As shown in the photographs, the card is then identi- 
fied by marking off the particular portion that is per- 
tinent and by giving the reference. This can be done 
on the completed card, as in this case, or the material 
can be written on the original, in which case it will be 
reproduced in the photocopying. The card is then 
ready for analysis and punching. 

The cost advantages of this process are very great, 
even with short items such as those in Chemical Abstracts. 
The punched card costs slightly more than the corres- 
ponding card made of standard stock (in large quan- 
tities, 1.2¢ versus 0.9¢ each), so that the difference, 
0.3¢, must be charged to the new method. The nega- 
2 We are indebted to Dr. E. J. Crane, editor, Chemical Ab- 


stracts Service, for permission to copy and publish this copy- 
righted material. 


tive sheet (matrix) is 8¢. However, it can be cut in 
half (in fact, lengthwise cutting of the matrix makes it 
easier to line up the matrix with the card, so that the 
material will appear in the body of the card and not on 
the marginal punched area), and about four cards can 
be printed from each half-matrix. When the cost of 
developing chemicals is added, about 0.1¢ per card, we 
have a total cost of 1.4¢ per card, or 2.5¢ for a card 
copied on both sides. Labor time, at about two 
minutes per card, brings the cost to no more than 7¢ 
per card. A conservative estimate of average steno- 
graphic time for typing such items would be 25¢ per 
card, to which must be added the time required for 
proofreading and correcting, with the possibility of error 
still present. Finally, for larger items such as pages 
from books or journal articles, larger punched cards may 
be used at a total cost still in the range of a few pennies, 
as against the cost of typing, which would easily be 
many times as great. Here, of course, the advantage 
in favor of Verifaxing” will be much greater. 

As to the cost of the equipment, the Verifax" unit, 
for example, is $240, in the same order of magnitude as 
$180 for a standard office typewriter. It should be 
noted, moreover, that the Verifax'® can also be used for 
various copying chores in the office, and such units are 
now usually available in many organizations. 

One final advantage of this procedure is that it can 
be used to copy drawings, maps, graphs, etc., on 
punched cards. This, of course, could not be accom- 
plished at all by typing. 


‘arrangement of the molecule. 
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DEMONSTRATION OF THE CHEMISTRY OF THE 


TREVOR ROBINSON’ and LOUISE J. DANIEL 
Cornell University, Ithaca, New York 


permanent-wave lotion is described as involving de- 
naturation with reduction of the disulfide bonds to 
sulfhydryl groups and concomitant oxidation of the 
thioglycollate in the lotion. The denatured protein is 
less stable because of the destruction of a large fraction 
of the cross-links. The cross-links provide rigidity, 
and their destruction permits stretching and _ re- 
Following rearrange- 
ment, the denaturation is reversed with regeneration of 
new disulfide bonds by the “neutralization” process. 
(““Neutralization” as used in this paper is a term of the 
trade; the action is actually an oxidation.) Depending 


es of 

om PERMANENT WAVE 

for 

»duc- 

eces- 

dlica- 

ched 

ched | As insrrucrors in a biochemistry course intended 

tfac- for home economics students the authors have tried as 

ve much as possible to select and devise laboratory ex- 

t ‘© | periments in accordance with student interests while at 

uta- | the same time illustrating important principles of bio- 

* chemistry. One of the most successful of these ex- 

their | Petiments has been made possible by the availability 
of home permanent-wave kits in recent years. 

= In a short introductory lecture to this experiment 

ably | the keratin molecule is described as composed of 

t to | folded peptide chains which are stabilized by cross- 

a linkages through disulfide bonds. The action of the 


‘Present address: Department of Plant Sciences, Syracuse 
University, Syracuse, New York. 


on the type of lotion used, “neutralization” involves 
either rapid oxidation with a “neutralizer” solution or 
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The Four Stages of the Waving Process 


(A) Native keratin molecule in hair with disulfide cross-links. (B) Par- 
tially reduced keratin molecule following action of waving lotion on hair. 
(C) Twisted, reduced keratin molecule resulting from curling of hair. (D) 
Permanently twisted keratin molecule following generation of new disulfide 
bonds with ‘‘neutralizer’’ solution. 


slower oxidation by the oxygen of the air facilitated by 
a catalyst in the “self-neutralizing” lotions. These 
points are well illustrated by the experiment. The 
accompanying figure is adapted with permission from 
an article appearing in Flacs? and illustrates dia- 
grammatically the progressive stages occurring during 
the waving process. Particularly to be noted in the 
diagram is the fact that not all disulfide bonds are 


2 Flacs (publication of the Florida Section, A. C. S.), 8, No. 
7, 26 (1956). 
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destroyed by the waving lotion and that permanen| 
curling is a result of pairing different sulfur atoms 
from those which were joined in the original hair. 

Hair cuttings were obtained from a barbershop and 
washed well with soap and water. The direction 
given to the students are as follows: 

You may have a choice of using either permanent 
wave lotion with “neutralizer” or a “‘se!f-neutralizing” 
lotion. In either case set up three test tubes and put: 
pinch of hair into each. 

To the first tube, which is to serve as a control, add 
enough distilled water to cover the hair. To the other 
two tubes add the same volume of lotion and let all 
three stand for 15 minutes. At the end of this time 
wash the hair in tubes 2 and 3 thoroughly with dis. 
tilled water until the odor of the lotion is no longer per- 
ceptible. Next, apply the nitroprusside test for sulf- 
hydryl groups to the hair in tubes 1 and 2. This test 
is carried out by adding 5 ml. of distilled water, 2 g. of 
solid ammonium sulfate and shaking to dissolve the 
ammonium sulfate, then adding 5 or 6 drops of 2 per 
cent sodium nitroprusside and 2 ml. of concentrated 
ammonium hydroxide. The mixture turns purple in 
the presence of sulfhydryl groups. 

If you have used a “self-neutralizing’’ lotion, let the 
hair in tube 3 stand in your desk until the next labora- 
tory period and then test it for sulfhydryl groups using 
the nitroprusside test as before. 

If you have used lotion requiring “neutralizing,” 
cover the hair in tube 3 with “neutralizer” solution and 
let stand for 10-15 minutes. Pour off the ‘‘neutralizer,” 
rinse the hair several times with distilled water, and 
apply the nitroprusside test for free sulfhydryl groups. 

A supplementary experiment may be performed to 
show the actual waving of hair. 

Wind a long strand of straight hair around a stirring 
rod and hold the ends in place by small rubber bands. 
Go through the process of applying waving lotion, 
rinsing, and “neutralizing” according to the directions 
of the specific lotion used. When the process is com- 
plete, remove the rubber bands and observe the curl 
obtained. 


select the teachers who will participate. 


NATIONAL SCIENCE FOUNDATION SUPPORT OF SUMMER RESEARCH 
FOR HIGH-SCHOOL AND COLLEGE CHEMISTRY TEACHERS 


TuE National Science Foundation is initiating a program for the support of chemical research to 
be performed by qualified high-school and college chemistry teachers during the summer. Grants 
in support of such research will be awarded to colleges and universities, These institutions will 


Proposals describing the research to be performed should be prepared along the lines suggested 
in the Foundation booklet, “Grants for Scientific Research,” copies of which are available upon 
request. The proposals should list the staff members of the chemistry department of the institution 
submitting the proposal who will supervise the research. 

In order to permit adequate time to arrange for the research to be conducted during the summer 
of 1957, grants will be awarded by about March 1, 1957. The deadline for receipt of proposals to be 
considered is December 1, 1956. Proposals should be addressed to the Mathematical, Physical and 
Engineering Sciences Division, National Science Foundation, Washington 25, D. C. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


* THE UNIQUE PROPERTIES OF 2,4-DINITRO- 
BENZENESULFENYL CHLORIDE’ 


Tue unusual characteristics of 2,4-dinitrobenzene- 
sulfenyl chloride undoubtedly destine this substance 


SCl 
ON 


to be of special value to research workers in the most 
varied organic and biochemical research projects. 
Besides this direct utility, however, its properties also 
permit the clear illustration of many fundamental 
principles of organic and physical-organic chemistry. 
For these reasons, it seems appropriate to present some 
of the major aspects of the chemistry of this sulfenyl 
chloride and to collect the references which *furnish 
further details for those who may desire them. 


REACTIVITY AND ANALYTICAL VALUE 


The broad reactivity of 2,4-dinitrobenzenesuifenyl 
chloride is illustrated in Figure 1. The majority of 
these reactions are of the ionic type, involving attack 
by nucleophilic reagents on the sulfur atom of the 
sulfenyl chloride and attendant displacement of the 
chlorine from sulfur. Indeed, these reactions serve as 
classic examples of nucleophilic displacements from 
sulfur, and there is a significant parallel between many 
of them and nucleophilic displacements from carbon, 
such as those involving acyl halides or certain alkyl 
halides. 

The detailed mechanisms of several of the reactions of 
2 .4-dinitrobenzenesulfenyl chloride (hereafter referred 
to as “‘the Reagent”) have been studied by kinetic and 
stereochemical means, and the results of these investi- 


gations are given in the references cited in Figure 1 and ° 


Table 1. For many of the reactions, it is convenient 
to consider that the sulfenyl chloride tends to be 
polarized so as to have a partial positive charge on 
sulfur, 7. e., (NO2)sCsH;S*+—Cl*-. As expected, if the 


1Summary of a lecture presented at Duquesne University, 
Pittsburgh, Pennsylvania, December, 1955. 


NORMAN KHARASCH 
University of Southern California, 
Los Angeles, California 


latter assumption is correct, polar solvents—such as 
acetic acid, ethylene chloride, dimethylformamide and 
nitrobenzene—promote the ionic reactions of the sul- 
fenyl chloride (30, 11) while Friedel-Crafts type 
catalysts, which coordinate with the chloride function 
of the sulfenyl chloride, are also effective in certain 
reactions. Thus, the addition of the Reagent to 
cyclohexene, at 35°C., is about 1400 times as fest in 
dry acetic acid as in carbon tetrachloride (30); while 
aluminum chloride is a powerful catalyst for the 
reaction with acetylene (1/6) and is essential for the 
Friedel-Crafts reaction with aromatic hydrocarbons 
(20). Pyridine and other tertiary amines, however, 
also promote certain reactions of the sulfenyl chloride, 
presumably by a mechanism involving a tertiary amine- 
sulfenyl chloride complex (perhaps the  sulfenyl- 
ammonium salt) as discussed in a current paper (4). 
It has been found, for example, that catalysis by tertiary 
amines is effective (and is essential) in the reactions of 
the Reagent with various tertiary alcohols (4, 5) and 
with epoxides (28). Other behaviors of the sulfeny] chlo- 
ride are also in accord with the polarity, ArS°t—-Cl’~, 
as, for example, the dissociation of the Reagent in 
sulfuric acid (31) (cf. also Table 1). 

With reasonable care, nearly all the reactions of 
Figure 1 can be accomplished in high yields, and the 
products are almost without exception excellently 
crystalline, stable substances of sharp melting points. 
Such reactions are therefore especially adapted for 
characterizing many classes of organic compounds. 
In several cases, as with olefins, acetylenes, and certain 
alkybenzenes, the Reagent is at present the only 
suitable or most suitable one for derivative formation. 
For example, Buess and Kharasch (20) demonstrated 
its utility for characterizing closely related alkyl- 
benzenes and other aromatic substances; Cram found 
it especially useful for differentiating 2-phenylpentane 
from 3-phenylpentane (32); it is now the recognized 
reagent for characterizing many olefins and acetylenes; 
and it merits recommendation for the characterization 
of primary, secondary, and tertiary alcohols, and for 
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Figure 1. 
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R3COSAr 
Hi ror 
(4,5) 


Summary of the Typical Reacti 


[20] 


of 2,4 14 


1 Chloride 


The symbol Ar represents the 2,4-dinitrophenyl groups; Y~ represents various anions, such as SCN -, Br-, acetate~, etc. 


amines, thiols, methyl ketones, symmetrical cyclic 
ketones, olefin oxides, and nitroparaffins. A special 
advantage with olefins is that the addition of the 
sulfenyl chloride to the double bond is stereospecific. 
This permits the easy differentiation of cis-trans 
isomers (e.g., the isomeric 2-butenes, the 2-phenyl-2- 
butenes, and various other cis-trans olefins) as illus- 
trated in the studies of Kharasch and Havlik (8), of 
Cram (9), and of Malmberg and Lee (14). Cram also 
used the Reagent advantageously to separate un- 
saturated hydrocarbons from a mixture of alkanes and 
alkenes (32). 

The products of the reactions of the Reagent are 
always colored and can be generally purified by chroma- 


tography on alumina or silica columns, using various 
eluents. Coupled with this, the derivatives of the 
sulfenyl chloride also have distinct spectral properties 
in the ultraviolet, visible, and infrared regions of the 
spectrum, which have already proved of considerable 
analytical utility. Thus, Malmberg and Lee (14) 
have shown that the chromatographic and spectral 
properties of the sulfenyl chloride derivatives permit a) 
elegant means for identification of olefins in mixtures, 
even in trace amounts, and allow the clear-cut differen- 
tiation of cis-trans olefin pairs. Similarly, Goodman 
and Kharasch (4) used the infrared spectra of deriva- 
tives of the Reagent to follow the kinetics of the reaction 
with methanol. The chromatographic separation 0! 
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steroid derivatives (such as those of cholesterol, 19- 
nortestosterone, testosterone, 17-methyltestosterone 
and 11-a-hydroxyprogesterone) has also proved feasible. 
With the steroids, also, the sulfenate ester derivatives 
can be cleaved to regenerate the original steroid alcohol, 
a feature which may prove valuable in isolation work. 
It is also expected that the chromatographic methods, 
coupled with other analytical techniques, will adapt 
well to filter paper chromatography, although examples 
of the latter procedure have not as yet been reported 
with the Reagent. 

While most of the studies mentioned above were of a 
qualitative nature, the quantitative aspects of the 
reactions of the sulfeny] halide should not be overlooked. 
A quantitative iodometric method for determining the 
Reagent, as well as other sulfenyl halides, has been 
developed and found useful for kinetic studies (34). 
This method, for example, permits the quantitative 
estimation of olefins: the olefin and excess Reagent 
are reacted in dry acetic acid or ethylene chloride 
solution for a sufficient period to assure complete 
reaction, and the excess reagent is then titrated iodo- 
metrically (2 ArSCl + 2 I- ~ ArSSAr + 2 Cl- + I,). 
Quantitative estimations based on spectral intensities 
are also valuable (4, 14). 

Several other reactions of the Reagent have been 
explored in a preliminary manner in, the author’s 
laboratory (25) and they have equal interest and poten- 
tial value as those mentioned above. For example, 
under suitable conditions, it and other sulfenyl halides 
undergo a displacement reaction with sodium azide, 
leading to products which presumably stem from the 
intermediate sulfenyl azides (RSN;); and the reaction 
of the Reagent with hydrazine and substituted hydra- 
zines warrants further study, as do also those with 
ferrocene, fulvenes, aluminum bromide and other 
metal halides, hydroperoxides, silver perchlorate, 
hydrogen fluoride, dienes, 1,10-phenanthroline and a 
host of other compounds. It may therefore be pre- 
dicted that the development of the chemistry of 2,4- 
dinitrobenzenesulfenyl chloride is as yet only in its 
initial stages, and that the scope of its analytical utility 
will increase as further studies are completed (33) (34). 

The hydrolysis of the Reagent warrants special 
attention and should be mentioned in connection with 
analytical applications. Although it can be used in 
presence of water in some reactions, as with amines, 
the competitive rates of hydrolysis and other reactions 
generally require reasonably anhydrous conditions to 
assure good yields. The hydrolysis of the Reagent 
has been studied in some detail (26), and it was found 
that a variety of products result, the highly-insoluble 
bis (2,4-dinitrophenyl) disulfide being a major one. 
The latter is easily recognized as a side product if moist 
reagents are used; but, fortunately, its insolubility in 
nearly all solvents permits it to be easily separated 
from the desired products. The several other products 
formed by hydrolysis, however, illustrate the relative 


complexity of hydrolytic reactions which can occur 
with bivalent sulfur compounds, in contrast to carbon 
analogues (e. g., the acyl halides). The final products 
of hydrolysis include, besides the disulfide, the sulfenic 
anhydride (ArSOSAr),? 2,4-dinitrobenzenesulfinic acid 
(which does not remain as such, but loses sulfur dioxide 
to form m-dinitrobenzene), 2-amino-4-nitrobenzene- 
sulfonic acid, 2,4-dinitrothiophenol and 2,4-dinitro- 
benzenesulfonic acid. All these products can be 
conveniently accounted for by assuming that they 
stem from the initial hydrolysis product, 2,4-dinitro- 
benzenesulfenic acid. While the mechanism whereby 
the latter acid is converted to products as the above 
is by no means fully understood, the formation of the 
various hydrolysis products illustrates some of the 
complexities encountered in studying nucleophilic 
displacements from bivalent sulfur, as compared with 
carbon analogues. Such differences between sulfur 
and saturated carbon compounds also reveal themselves 
in the reactions of the Reagent with hydroperoxides 
and silver perchlorate, wherein the tendency for sulfur 
to become oxidized leads to products of oxidation 
rather than the simple displacement products which 
might be anticipated from the reaction: ArSCl + Y~- 
— ArSY + Cl-. Similarly, Kharasch and Buess (6,7) 
found that there is no “ peroxide effect’’ in the addition 
of the Reagent to propylene, since the peroxide oxidizes 
the sulfenyl chloride to the sulfonyl chloride, in 
preference—under the conditions used—to initiating 
a free-radical mechanism of addition. 

There are, of course, innumerable sulfenyl halides 
possible and a considerable number is now known. 
The questions have sometimes been asked: ‘“‘Why has 
relatively so much effort been placed on the study of 
2,4-dinitrobenzenesulfeny! chloride? Would not many 
other sulfenyl halides be equally suitable?” In our 
experience, the 2,4-dinitrobenzenesulfenyl chloride re- 
agent combines several desirable features which make 
it the reagent of choice over many other sulfenyl 
halides we have considered and worked with. Among 
the decisive factors are: (1) ease of preparation and 
availability, (2) thermal stability, (3) major tendency 
to undergo clean-cut ionic reactions, (4) excellent 
melting properties of products, and—among other 
reasons—(5) various unique features shown by the 
2,4-dinitro compound, which are not shared equally 
by other sulfenyl halides (cf., e. g., the catalytic role of 
2,4-dinitrobenzenesulfenium ion in the dimerization of 
diphenylacetylene to a triphenylazulene; or the use 
of the Reagent in the synthesis of thiophenols (Table 
1)). It must, however, be admitted that the emphasis 
on the 2,4-dinitro compound is partly one of personal 


. choice, prompted by the generally more favorable 


initial results obtained with this compound, in contrast 
to others employed in the author’s laboratory. To be 
sure, other sulfenyl chlorides also have their unique 


2 When used in this article, Ar represents the 2,4-dinitrophenyl 
radical. 
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properties and undoubtedly several of them compare in 


interest and versatility with the 2,4-dinitrobenzene-- 


sulfenyl chloride reagent. In the aliphatic series, e. g., 
trichloromethanesulfenyl chloride, Cl;CSCl, has out- 
standing interest, stability, and reactivity (4/). 


OTHER PROPERTIES 


To illustrate the properties of general interest for 
synthetic utility or for illustration of the principles of 
organic chemistry, a tabular form has been resorted to. 
Since space limitations do not permit a fuller account 
at this time, only a few examples have been selected; 
the references cited supply other examples and more 
complete discussions. Beside the items given in Table 
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1, other interesting aspects of the chemistry of 2/4. 
dinitrobenzenesulfenyl chloride are indicated be. 
low. Details and discussions are in the refere:ices 
cited. ; 

(a) A quantitative study has been made of the 
effect of increasing polarity of solvent on the magni- 
tudes of the second-order rate constants for additions 
of the Reagent to cyclohexene (36). 

(b) It has been demonstrated that there are com- 
petitive first-order and second-order processes (SN, 
and SN, processes) in reactions of the Reagent with 
acetone, using methyl acetate as solvent (27); and 
also in the reaction of the sulfenyl chloride with 
cyclohexene, in carbon tetrachloride as solvent (36). 


TABLE 1 


Other Properties of 2,4-Dinitrob 


lfenyl Chloride 


(Ar = 2,4-Dinitrophenyl) 


Observations 


Comments and references 


2,4-Dinitrobenzenesulfeny] chloride dissolves in sulfuric acid to 
form a bright red solution. A similar color is generated when 
solutions of the Reagent, in dry methylene chloride or ethylene 
chloride, are treated with aluminum chloride. These colors are 
rapidly discharged by adding water, alcohols, olefins, or aromatic 
hydrocarbons. The generation of the colored solutions and the 
discharge of the colors can be readily demonstrated; e. q., reac- 
tion of the sulfenyl chloride, with benzene, in presence of alumi- 
num chloride serves as an effective illustration of the Friedel- 
Crafts reaction. 


From the evidence presented (31, 16, 20) it has been suggested 
that these behaviors involve the reactions: 


ArSCl + H,80, = ArS*+ + HCl + HSO,~ 
ArSCl + AICI; = ArSé+AIClé~- 


Discharge of the red colors involves reactions of the sulfenium 
ion (or the potential sulfenium ion from an ion pair) with the 
nucleophilic reagents. 


2,4-Dinitrobenzenesulfeny! chloride can be used in a general 
synthesis of thiophenols. In several cases studied, the yields 
compared well with older methods. 

An extension of the method for preparing thiophenols leads to 
aromatic sulfinic acids. 


The principle involved (34) is to introduce the sulfur atom into 
the desired aromatic nucleus, as follows: 


N N 


| 
ArH + + HCI 


Cleavage of the aryl 2,4-dinitropheny] sulfide with alkali, fol- 
lowed by acidification, yields the thiophenol. 


NO, 
CH;OH—KOH 


ArS- —NO, 
Ht 


NO. 


| 
ArSH + CH,0- ¢ 


In an extension, to obtain sulfinic acids, the sulfide is oxidized 
to the sulfone. Cleavage of the sulfone yields the arenesulfinate 
salt, and acidification yields the sulfinic acid. 


2,.4-Dinitrobenzenesulfenyl chloride reacts with cis-2-butene 
to form a 1:1 adduct (m.p. 129°-130°). With trans-2-butene, an 
isomeric 1:1 adduct gy ni hg results. Yields are 90%, 
even on a small seale. any other cis-trans olefins behave simi- 
larly. A number of other sulfenyl halides also give distinct iso- 
meric products by reactions with cis- and trans-2-butene. 


Addition of the Reagent to the double bond is stereospecific 
and is known to be a trans addition (8,13). Thus, the two prod- 
ucts from the cis- and trans-2-butenes are the expected dia- 
stereomeric racemates. For example, from cis-2-butene, the 
product consists of equal amounts of 


HC Ho 
a a 
Bar 
nc” H CH; 


Addition to trans-2-butene gives the second pair of enantiomers. 

Examples such as the above (cf. also Refs. (14, 37)) are useful 
to supplement the oft-quoted case of trans addition of bromine 
to maleic and fumarie acids (39). 
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Observations 


Comments and references 


The Reagent adds to styrene to form the 1:1 adduct, whose 
structure was proved to be CsH;—CH(Cl)—CH,SAr. No other 
product has been noted. In dry acetic acid, at 25°, the reaction 
obeys the rate expression: 


-dArSCl 


The rate of addition is increased by polar solvents and the reac- 
tion rate is also increased by added. salts (positive salt effect). 

With para substituted styrenes, electron attracting para-groups 
decrease the rate of addition of the Reagent and electron releasing 
para substituents increase the rate. An excellent correlation 
was obtained by applying the Hammett rho-sigma equation (39) 
to the measured rates for a series of p-substituted styrenes. A 
value of —2.20 was found for rho. 


= k[ArSCl] [Styrene] 


In the case of styrene, Markownikoff’s rule predicts the cor- 
rect structure for the adduct. In acetic acid, the reaction follows 
the second-order rate law; and, since it has been followed prac- 
tically to completion and at various temperatures, the results are 
suitable for illustrating the kinetic parameters for an addition 
reaction at the olefin bond (17). 

The proposed mechanism (6, 11, 12) involves a postulated 
transition state which is more polar than the reactants. This is 
in accord with the positive salt effect and the enhanced rates in 
polar solvents. 

On the basis of the postulated mechanism, the increased rate 
with increasing availability of electrons at the olefin bond is ex- 
pected. Since the steric requirements in the various p-substituted 
styrenes remain essentially constant, the adherence to the Ham- 
mett equation is expected. Except for the work of Overberger, 
et al. (40) on ionic copolymerizations of p-substituted styrenes, 
this is the only other example of the application of the Hammett 
equation (39) to an ionic addition at the double bond (10). 

The case of p-methoxystyrene has special features which are 
fully discussed in ref. (12). 


Treatment of diphenylacetylene, C,.Hio, with the Reagent 
leads to the 1:1 adduct. No di-adduct could be found. If 
aluminum chloride is added to the reaction mixture, however, 
several products result, among which the 1:1 adduct and a blue 
hydrocarbon predominate. The spectrum of the latter un- 
doubtedly shows that it is an azulene. Both it and aluminum 
chloride are required for conversion of the diphenylacetylene to 
the azulene. 


These observations suggest that 2,4-dinitrobenzenesulfenium 
ion (generated by the interaction of the Reagent and aluminum, 
chloride) can effect a most novel reaction which must involve 
dimerization of the diphenylacetylene with attendant expansion 
of one of the benzene rings to the seven membered ring of the 
azulene. The most likely structure for the product is 1,2,3- 
triphenylazulene; but this has not been conclusively proved as 
yet. Details are given in (29), in which the reaction is visualized 
as below, with the ArS* ion involved as a catalyst for the dimeri- 


zation: 
p 


YO 


AIC],~6 


The Reagent adds to propylene to yield 65% isolated yield of 
CH;CHCICH,SAr (A) and 15% isolated yield of CH;CH(SAr) 
CH.Cl(B). Treatment of either A or B with acetic acid gives the 
identical mixture of acetates. 


Dimethylaniline and diethylaniline react readily (no catalyst 
necded) with the Reagent to form the respective p-dialkylamino- 
phenyl 2,4-dinitropheny! sulfides. These are deep-red sub- 
stances, whose base strengths are greatly lower than are those of 
the corresponding dialkylaniline itself. Strong displacements of 
the positions of absorption maxima are observed in the ultra- 
violet spectra of a series of para-substituted aryl 2,4-dinitro- 
phenyl sulfides. 


x. \ 
s-¢ 


ArSCl | 


CH;CHCH, 
H;C 


In contrast to the case with styrene (see above), the electronic 
character of the sulfonium ion intermediate from propylene does 
not exclude the “non-Markownikoff adduct” (6). 


Ar + 
05% ) 
Cc H Cl ( A ) 
(B) 


Acetolysis of either A or B involves the identical cyclic sulfonium 

ion; hence leads to the identical mixture of acetates. This re- 

sult, among others, also shows that sulfur of the 2,4-dinitropheny|- 

(1) group participates as a neighboring group in the solvolysis 
13). 


The ease of substitution is expected on basis of experience with 
other general aromatic electrophilic substitutions. The exclusive 

ra substitution undoubtedly has a steric basis and may also be 
indicative of the structure of the molecular complex compound 
which may be formed prior to the substitution reaction. 

The deep red color and the reduction of the base strength of the 
dialkylamino group illustrates the transfer of electronic effects 
across a “sulfur bridge” (42, 25). 


NO, 


R 


—NO; 
dized 
eful 
une 
‘ 


(c) Comparisons have been made of the infrared 
spectra of diastereomeric racemates, formed by adding 


the Reagent (and other sulfeny! halides) to the cis and ° 


trans-2-butenes (8). 

(d) It has been shown that there are small but 
distinct differences in the ultraviolet spectra of the 
diastereomeric racemates, formed by adding the 
Reagent (as well as 2-nitro-4-carboxybenzenesulfenyl 
chloride) to the cis and trans-2-butenes. The adducts 
from cis-2-butene absorb ultraviolet radiation at 
slightly lower wave lengths than do the adducts from 
the trans-2-butene. This spectral specificity also 
appears in the acetates of corresponding configuration, 
which are obtained by acetolyses of the chloride adducts 
(38). 

(e) A convenient synthesis of 2-amino-4-nitroben- 
zenesulfonic acid, a potential dye intermediate, has 
been developed by using the Reagent. The method 
involves an intramolecular oxidation-reduction _re- 
action of the sulfur moiety and the ortho nitro function 
(26). 

(f) Campos (44) has demonstrated an interesting 
effect of bis-pheny] substitution (so called “gem effect’’) 
in the addition of the Reagent to 2,2-diphenyl-pentene- 
4-oic acid. 

(g) Although some additions of the Reagent to 
terpenes have been reported (6), this type of reaction 
merits much further study. Kwart and Miller, for 
example, have examined the addition of the Reagent 
to norbornylene and reported 1:1 addition (stereochem- 
istry demonstrated) accompanied by rearrangement, 
in part, to nortricyclyl 2,4-dinitropheny] sulfide (14). 

(h) The synthesis of a new type of dienophile, 
trans-chlorovinyl 2,4-dinitrophenyl sulfone, via the 
Reagent and acetylene, has been reported recently (17). 

(i) The synthesis of the Reagent (45) demonstrates 
the catalytic effect of Lewis acids on the chlorinolysis of 
the sulfur to sulfur bond in disulfides. 


CONCLUSION 


The above description of the chemistry of 2,4- 
dinitrobenzenesulfenyl chloride dealt exclusively with 
ionic reaction mechanisms. It seems likely, however, 
that the virtually uninvestigated free radical chemistry 
of the Reagent and its derivatives will also have syn- 
thetic and theoretical interests. For example, the 
sulfenyl chloride undergoes photolytic scission of the 
sulfur-chlorine bond, by irradiation with ultraviolet 
light; and various derivatives—such as ¢-buty] 2,4- 
dinitrobenzenesulfenate, (NO2)sCsH;SOC(CH;);—de- 
compose by reactions which involve homolytic rupture 
of the sulfur-oxygen bond and which are indicative of 
the “thioperoxidic’” character of these substances. 
These unexplored areas of study, as well as others— 
such as the use of S*-labeled reagent or studies of the 
comparative properties of 2,4-dinitrobenzenesulfenyl 
bromide—suggest that further developments of interest 
may be anticipated from future investigations of the 
analytical, synthetic, and theoretical aspects of the 
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chemistry of 2,4-dinitrobenzenesulfeny] chloride and its 
derivatives. 
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THERE are many places in the laboratory where a de- 
vice capable of switching electricity on and off in a 
definite, automatically repeating cycle is useful. Such a 
device may be used to control the temperature of a 
heating oven provided the oven has some heating lag. 
It can also be used to control photographic printing 
equipment where a number of copies of the same nega- 
tive are to be made. Still another use is to activate a 
solenoid periodically to control the reflex ratio in a dis- 
tilling column by causing condensate to be directed to 
a receiver or returned to the column. When our com- 
mercially built automatic still-head timer failed, we de- 
vised a makeshift timer that performed very reliably 
and was considerably more flexible. Although a sec- 
ond model has since been built, most of the parts in the 
original timer, except the relays, were from war sur- 
plus. 

With the values indicated in the parts list for C3, C., 
R2, R3, Re, and R; the off and on intervals may be pre- 
set separately through R, and R; from less than one to 
about 15 seconds. The values of C3, Cy, Re, and R; 
may be modified to give different intervals. The exter- 
nal load circuit is closed by the second pair of contacts 
(not shown in the diagram) on RI. Pilot lights P, 


AN AUTOMATIC STILL-HEAD TIMER 


L. 0. BINDER 
Montana State College, Bozeman, Montana 


and P, are not necessary to the functioning of the timer, 
but are useful in adjusting the cycle visually. By 
adding an SPST switch to short out the contacts on RL, 
and a locking push-button switch in the line between 
the plate of V; and the SPST switch, the timer may be 
operated as a simple interval timer when desired. 
For automatic operation the SPST switch should be 
open and the push-button switch locked. Even if all 
parts including tubes and chassis are purchased new 
from a radio supply house, the cost will be under $20. 


Parts List 


(,, = 20 mfd. electrolytic, 
450 w. v. 

C;, Cy = 1 mfd. paper tubular, 
400 w. v. 

R, = 220-ohm line cord resistor’ 

Ro, Ry Rs 100,000 ohm, 
i / 2 watt 

R., = 5-megohm potentiom- 
eter 


RL, = DPDT plate circuit re- 
lay, 5000-ohm coil 

RL, = SPDT plate circuit re- 
lay, 5000-ohm coil 


P,, P: = 0.25-watt neon pilot 
light 

Vi, V2, Vs = 6V6 GT/G tube 

SW = SPST a.-c. line switch 


Miscellaneous: 9- X 5- X 3-in. (approx.) chassis, tube sockets, 


hardware, etc. 


'! This may be replaced by a 6.3-volt filament transformer, in 
which case the filaments should be wired in parallel instead of in 
series, as shown in the diagram. 


no 
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Schematic Diagram for Automatic Timer 
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a CHEMISTS AND EDUCATORS—A PARTNERSHIP’ 


F'or centuries and in varied cultures the skills and 
knowledge of one generation have been transmitted to 
the next by apprenticeship. With the rise of special- 
ization and development of formal school systems, 
many of the values of the “learning by doing” process 
of apprenticeship have been lost. It has been suggested 
that teen-age boys and girls, who in our culture appear 
to be cherished more for their potentialities than for 
their accomplishments, were in colonial times an 
indispensable part of the farm economy; the strength, 
energy, and flexibility of their minds and bodies served 
a useful function. However, present conditions permit 
only limited use of adolescents, and the urgent sense 
of reality in their lives is often missing. This may 
contribute to their difficulties. The sense of reality 
that comes from having a “real job” rather than the 
“make-believe” of school is certainly a powerful 
motivating factor which must come from the outside, 
but if it could be made a part of their formal schooling, 
it might be advantageous for all. This suggests the 
value of cooperation between industry and education. 
Before further discussion, it might be well to define 
some terms. 

To define the term ‘education cooperation” I shall 
quote from the Guide which has been prepared for our 
local plant managers: 


Education cooperation means using the knowledge, skill, and 
experience of industry where they can be applied to help educa- 
tion to solve its problems. It involves working with teachers and 
others who are trying to meet the needs of students. It may also 
involve other functions where the skill and knowledge of Com- 
pany personnel can be helpful, such as the planning, construction, 
and maintenance of buildings, etc. 


A further quotation defining the purpose of the Com- 
pany’s Education Cooperation Program may be useful: 


1 Presented at the 18th Summer Conference of the NEACT, 
University of New Hampshire, Durham, New Hampshire, August 
22, 1956. 

? The author is Coordinator of Education Cooperation for the 
American Cyanamid Company, with offices at 30 Rockefeller 
Plaza, New York, N. Y. 


HARVEY R. RUSSELL’ 
American Cyanamid Company, New York, N. Y. 


The primary purpose of the Education Cooperation Program 
is to encourage and assist study in those areas in which the Com- 
pany’s resources of knowledge and experience can be helpful. 
Such help should be given through active cooperation and partici- 
pation of Company Personnel with educators and students where 
such help is wanted and is feasible. Other secondary aims may 
develop from the primary purpose as the needs arise. The 
Education Cooperation Program fills an important part of the 
Company’s program of Community Relations by helping com- 
munities to solve some of the problems with which they are 
deeply concerned. 


VALUES AND LIMITATIONS 


Industry and education are mutually interdependent. 
The schools rely on the community not only for support 
in terms of tax money, but also for support of curric- 
ulum, discipline, etc. Schools have become painfully 
aware of this dependence in recent years. Industry 
relies on the schools to provide basic knowledge, skills, 
and attitudes for future manpower, customers, and 
stockholders. To its chagrin, industry has found 
recently that problems of education vitally affect its 
interests, particularly in the manpower area, and is 
making efforts to help. Every alert industrialist and 
educator is aware that the large growth of population 
in this country will require the best efforts of both 
industry and education to provide the needed goods, 
services, and training for the kind of life we all desire. 
We believe that cooperation will help substantially to 
solve these problems, which explains what is meant by 
the title: “Chemists and Educators—A Partnership.”’ 

The limitations of cooperation are not difficult to 
understand. Education is primarily concerned with 
training on broad basic principles rather than on 
specific details of processes, whether they be in science, 
economics, business administration, or other fields. 
Therefore the amount of detailed material that can be 
used by education must be limited. Industry can 
furnish examples and other assistance, and educators 
must choose wisely from these offerings. Similarly, 
industry, which is concerned primarily with the com- 
plex operations of modern technical business rather 
than with education, would be a false servant of 


YOLUME 


50 iety if 


services 


vive only 


which m 
cooperat 
ule diffic 
inertia, 2 
evel, 
exceed t. 
practices 

The k 
the areé 
what sel 
If we do 
plish 


TECHN! 
Trad: 
educati 
scholar: 
tion co 
and kn 
It ine 
speaket 
to indi 
semina 
Tod 
be mac 
Wester 
educat 
Compé 
Tea 
value 
disadv 
stress 
or wh 
which 
to avec 
fessiol 
Chem 
Assoc 
film 
ies. 
plasti 
Inf 
profes 
crafts 
skill | 
To fa 


perso 
first 
izing 
two 
One 
their 


: 
R the D | 
4 
OF CHEMISTRYSTEACHERS 
ae 
ar 
A 
i 
er 


yOLUME 33, NO. 11, NOVEMBER, 1956 


society if it did not make the production of goods and 
services its main concern. Industry can therefore 
give only limited attention to the educational function, 
which means that there must be some limitations to 
cooperation. Some practical limitations include sched- 
ule difficulties in schools and plants, misunderstandings, 
inertia, and entrenched resistance on both sides. How- 
ever, experience seems to indicate that the values far 
exceed the difficulties when cooperation is successfully 
practiced. 

The key to successful cooperation is feasibility, and 
the area of feasibility exists in the overlap between 
what schools or industry desire and what each can do. 
If we do what is feasible now, we may be able to accom- 
plish more in the future. 


TECHNIQUES OF COOPERATION 


Traditional methods by which industry has helped 
education have been largely financial in the form of 
scholarships, fellowships, loans, and the like. Educa- 
tion cooperation is a broader pattern by which skills 
and knowledge may be made useful to school personnel. 
It includes: teaching aids, information services, 
speakers, financial assistance, plant visits, assistance 
to individuals, employment and work experience, and 
seminars for teachers. 

To define and illustrate the techniques, reference will 
be made to the work of the education committee of the 
Western Connecticut Section of the A.C.S. and the 
education cooperation program of American Cyanamid 
Company.’ 

Teaching Aids. Most teachers are aware of the 
value of teaching aids, but they are also aware of the 
disadvantages when misguided efforts put excessive 
stress on product publicity or institutional advertising, 
or when materia] is too advanced for the grade for 
which it was intended. The Cyanamid program tries 
to avoid such errors by using the publications of pro- 
fessional groups such as the A.C.S., the Manufacturing 
Chemists Association, and the National Science Teachers 
Association. New aids are being developed, such as a 
film strip presenting a tour of the Stamford Laborator- 
ies. The script follows two research problems, one in 
plastics and the other in insecticides. 

Information Service. This is a method by which 
professional scientists, administrators, accountants, 
craftsmen, and others with particular knowledge and 
skill can become sources of information for teachers. 
To facilitate this service, the cooperation of the skilled 
personnel and the sanction of the administration is 
first obtained, and machinery is set up for mobil- 
izing the resource people. A directory consisting of 
two card files has proved useful for this purpose.‘ 
One of the card files contains the names of the experts, 
their addresses and telephone numbers. The other isa 


3 For details, see Russet, H. R., “Chemical Education Is Our 
Business, Too,’’ Chem. Eng. News, 31, 3358 (1953). 

4 Although the file of this directory is no longer operated by 
the education committee of Western Connecticut Section of the 
A.C.S., samples of the cards may be obtained from the author. 


‘ proved to be effective. 


subject file listing names of the people who are authori- 
ties in a particular subject-matter field. After educa- 
tors are accustomed ‘to using the information service, 
they or their students can refer inquires which are 
beyond the immediate resources of the classroom to a 
central person (the education cooperation representa- 
tive) who will then edit the questions and refer them 
to the proper authorities. 

A study of the technique8 of cooperation indicated 
that 71 cases out of 181 were of the “information 
service” category.’ The subject matter ranged from a 
simple inquiry on how to make a chemical garden to a 
query about electron configurations in such molecules 
as sodium carbonate and bicarbonate. Most of these 
questions were adequately answered within a period 
of 48 hours. The study also revealed that the questions 
were widespread in origin and that a large number of 
scientists participated in providing the answers. 

Speakers. We all know that demonstrations are 
superior to talk alone, but all who have prepared 
demonstrations understand the difficulties that are 
involved when the preparation is made under varying 
conditions, often unfavorable. Because of the effort 
required, possibly we have not done as much as should 
be done. Through our program we have endeavored 
to present competent speakers on popular subjects 
such as plastics, weather, drugs and pharmaceutical 
chemistry, chemical current events and their signifi- 
cance to the layman. 

Financial Assistance. Financial assistance from the 
American Cyanamid Company is given chiefly in the 
form of fellowships and scholarships for college-level 
students. For secondary schools we are limited largely 
to prizes, gifts, and loans of equipment from time to 
time at a local level, and sponsorship of student and 
teacher guests at professional association dinners and 
functions. These methods are useful and highly 
commendable. One might criticize them mildly by 
pointing out that they are external incentives that have 
no intrinsic relation to chemistry. We prefer to em- 
phasize such techniques as information services, in- 
dividual assistance, and plant visits. 

Plant Visits. These are extremely valuable tools of 
education when adequately prepared for. The tech- 
nique which seems to have worked best in our experi- 
ence is to request the teacher to come alone to tour the 
plant. A conference is then arranged in which we dis- 
cuss the question of which portion of the tour is most 
useful for students. Sad experience has taught us that 
no one gets very much value out of a random tour 
through the building. The selection by the chemists 
and the teacher together of what part of the plant to 
show ‘in detail in relation to the school work has been 
We also find that it is profit- 
able for the teacher to select certain students to make 
such a trip on the basis of ability and interest. The 
entire class frequently gets a preview of the trip through 


5 H. R., ‘Patterns of Cooperation Between Industry 
and Education,’’ unpublished doctoral thesis, Teachers College, 
Columbia University, New York, 1956. 
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pictures, slides, and description by the teacher after his 
visit. 
signed in part for this purpose—to give the entire 
class a preview of the Stamford Laboratories. In many 
cases the preview is adequate for the interests and 
abilities of the students. In others the preview 
stimulates interest and provides clarification so that 
their own personal visit becomes a more significant 
experience. Not the least stimulating is the experience 
of seeing their teacher recognized by his former students 
who have sometimes achieved positions of distinction in 
laboratory operations. 

A late afternoon hour is the best time for a tour 
because it avoids schedule difficulties at school and 
often screens out those who are merely attempting to 
escape the classroom. It also enables students to see 
the laboratory when it is filled with people at work as 
well as to examine the apparatus in greater detail 
after the workers have left. 

At our Stamford Laboratories we have directed the 
visits toward analytical procedures, showing chemical 
and spectroscopic methods and synthetic work—par- 
ticularly the development of a synthetic resin from 
test-tube and flask stage up through pre-pilot and some- 
times pilot plant operation. 

At our Bound Brook plant, where production of 
chemicals in large bulk is undertaken, students see 
work on dyes and pigments and also a large contact 
sulfuric acid plant. Young people are always im- 
pressed by the process in which one man in the yard 
operating an endless chain conveyor belt for sulfur and 
a few others inside watching a series of dials can turn 
out over 200 tons of sulfuric acid in a day through use 
of automatic contro] of heat and catalysts and pressure 
velocity rates. The catalyst in this case is vanadium 
pentoxide. 

The Bound Brook plant is especially interesting to 
students who intend to terminate their education at the 
high-school level, because large maintenance shops are 
required by that operation. Boys are able to observe 
skilled craftsmen at work and see how the skills they 
are learning in their trade and vocational schools are 
actually employed in the big Cyanamid plant. Those 
who may have the ability for and interest in further 
education are encouraged by visiting the research 
portions of the installation and observing the use of 
calculations and instruments. 

At Pearl River, where pharmaceutical] operations are 
undertaken, students of the surrounding area are 
able to see work in medicinal and biological research in 
the fields of nutrition, antibiotics, viruses, and many 
others. Tours are not permitted in virus research or 
production areas, but students are shown a film, ‘The 
Smallest Foe,” which is an excellent discussion of this 
kind of research.® 

Assistance to Individuals. Help is given to students 
and teachers on individual projects and occasionally on 


6 Prints of ‘“The Smallest Foe’’ are available from the Lederle 
Division, American Cyanamid Company, Pearl River, New York. 
(Attention: Public Relations Department.) 


The film strip I have referred to above is de-. 
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such matters as tutoring individual students. Among 
the different projects have been experiments on feeding, 
vitamins, and a more difficult experiment involving 
hormones. 

One student built a working model of a sodium 
chloride electrolysis operation. The interesting feature 
of this project was that his adviser helped him obtain 
an old refrigerator pump and connect it backwards 
so as to provide a vacuum for boiling off the water at 
low temperatures. He was able in this way to recover 
all three products: hydrogen, chlorine, and relatively 
dry sodium hydroxide. 

Other students have had the usual high-school level 
concern for jet engines, explosives, and all the violent 
manifestations of energy. One interesting experience 
provided an excellent opportunity to teach some safety 
precautions. Two students came to us for help in 
building a rocket. They were using an unprotected 
cast-iron pipe to test a gunpowder mixture as a rocket 
fuel. The possibilities of hazard in this setup are 
considerable. The adviser assisted the boys to make 
a more suitable firing shell (shielding the cast-iron 
pipe) by helping them build a ballastic pendulum which 
not only would give them greater safety but also 
a more accurate method of computing the energy 
emitted. He also suggested that the testing grounds 
be moved from the back yard of a fairly crowded 
neighborhood to a not-too-distant gravel pit where, 
among other advantages, the boys found the privacy 
needed for research. 

Employment and Work Experience. The summer of 
1956 has seen the continuation of a summer teacher 
employment program. We have employed eight 
teachers (three mathematics and five chemistry 
teachers) on various projects related to the teachers’ 
subject-matter fields. It was possible to give each 
teacher an assignment which he could do and complete 
within the limited time without holding up other 
research. To find such projects requires ingenuity and 
effort, but we feel we have been successful and hope the 
program will be continued next year. 

Seminars for Teachers. This technique was worked 
out by Dr. Benjamin Luberoff and the education 
committee of the Western Connecticut Section of the 
A.C.8S. during the past year. About 30 teachers en- 
rolled in a seminar which was sponsored jointly by the 
A.C.S. and some of the superintendents of schools, 
with the strong encouragement of the Commissioner of 
Education of the State of Connecticut. Of the 30, 
17 went for the full two- to three-months’ period, with 
meetings every two weeks. They themselves selected 
the discussion topics from a suggested list, and experts 
in these fields were brought in. 

The reactions from the teachers were distinctly 
divided. Some felt that this type of discussion was of 
sufficient interest to them, although not directly usable 
in the classroom; others felt that it presented too many 
problems. 

Vocational Guidance. In general, we feel that 
vocational guidance is a result of the other activities 
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discussed above. However, to give specific direction 
our vocational guidance activities start with a meeting 
at the high school with a relatively large number of 
students who might be interested in chemistry. Slides 
or films are shown giving some idea as to what chemical 
careers are like, and a substantial portion of the time is 
spent in answering questions. The pamphlet, “Shall 
I Study Chemistry?” prepared by the A.C.S., is usually 
distributed, and students are urged to stay after the 
meeting or to arrange through their teachers for an 
interview with one of our chemists. One interesting 
activity is the assistance given by Cyanamid to the 
Yonnecticut State Department of Education in planning 
new courses and equipment for training chemical 
technicians at the state technical schools. Another 
technique which is used is called the “shadow tech- 
nique.” A student will follow a chemist around during 
his day and just observe what he does and the kind of 
relationships he has with other people. While some 
care has to be taken in the selection of students and 
chemists to make sure they are compatible, this tech- 
nique has often proved to be a most satisfactory way of 
demonstrating the activities of the chemical profession 
We have not used this technique very often and cannot 
comment on its results. 


RESULTS OF THE PROGRAM 


| Evaluation of efforts such as those described above is 
always difficult. The best encouragement probably is 
the continuing demand for these services. It is also 
interesting to‘note what has happened to the students 
we aided during the first year of operation. They are 
now, finished with college. One of them is a nurse, two 
are in medicine, one is a metallurgist, one is working for 
a well-known electronic computer firm, and one majored 
in sociology. (We consider it a distinct asset to provide 
a social scientist with experience in the natural sciences. ) 


It would seem reasonable to conclude that our efforts 
to help strengthen their understanding were effective. 

On the more personal side, relationships with teachers 
have become warm and friendly so that they do not 
hesitate to call us when they have a problem or to 
assist us in various ways. Cooperation is a two-way 
street. I always enjoy telling the story of the time 
when Cyanamid’s large research laboratory, with its 
imposing array of reagents and equipment, one day 
had to turn to a local school to borrow some chemicals 
which it did not have. One of our men wished to 
illustrate a talk with a demonstration: the cold light 
by the oxidation of Luminol. The latter material is 
not a standard item in the stockroom at our research 
laboratory, and the speaker was about to abandon his 
demonstration until it was suggested that possibly one 
of our teacher colleagues might provide it. This 
proved to be the case, and we were indebted to the 
high school for apparatus, materials, and good advice 
on the demonstration. 

An important effect of education cooperation is the 
reaction of the participating chemists. With few 
exceptions, they find that their activities give them a 
sense of satisfaction and enjoyment in working with 
young people. 

I think you will find that a new spirit is developing 
in industry which favors cooperation with education. 
Industrialists, however, may find education cooperation 
a new experience, and teachers should make a strong 
effort to assist industrialists to help education by being 
prepared to suggest useful techniques for cooperation. 
The techniques of education cooperation are relatively 
simple and, when properly applied, can give satis- 
factory results in terms of enrichment of curriculum, 
facilitation of understanding and communication be- 
tween educators and industrialists, and in warmer 
personal relationships between students and _ their 
communities. 


Chem-Gems (Authentic but Uncut) 


Hydrogen is used in the manufacture of synthetic pneumonia. 


Calcium chloride is used to lay dust on roads because it is delinquent. 


Concentrated nitric acid is prepared in a tabulated report. _ 


The change from a solid directly to a gas is called transubstantiation. 


From the collection of Lorne Lea, St. Paul’s School, Concord, New Hampshire 
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THE ALKALOIDS: CHEMISTRY AND 
PHYSIOLOGY. VOLUME IV 


Edited by 2. H. F. Manske, Dominion Rub- 
ber Research Laboratory, and H. L. 
Holmes. Academic Press, Inc., New 
York, 1954. x + 357 pp. 37 tables. 
16 X 23.5cm. $8.50. 


HETEROCYCLIC COMPOUNDS WITH 
INDOLE AND CARBAZOLE SYSTEMS 


W. C. Sumpter, Western Kentucky State 
College, and F. M. Miller, University 
of Maryland. Interscience Publishers, 
Inc., New York, 1954. xii + 307 pp. 6 
figs. Stables. 16 X 23.5 cm. $10 


Boru these volumes are members of 
series, and both are authoritative and 
thorough compilations of the information 
to be found in the original literature. They 
will be particularly useful to workers whose 
field of interest is close to the special topics 
covered. They will also probably be 
widely useful to those who may have occa- 
sion to look up bits of information within 
the fields included. Neither is easy read- 
ing, but Sumpter and Miller will almost 
certainly be the more useful to the general 
reader attempting to extend his field of 
knowledge. 

The Manske and Holmes volume is con- 
cerned with isoquinoline classes of alka- 
loids and with alkaloids of the Erythro- 
phleum, Aconitum, and Delphinium 
groups (structure as yet unknown). This 
virtually completes the chemical discussion 
of this series of volumes. Only one addi- 
tional chemical chapter devoted to mis- 
cellaneous alkaloids remains to be pub- 
lished. It will be included with the ma- 
terial on pharmacology in Volume V. 

The authors who have contributed to 
Manske and Holmes seem to assume a 
considerable degree of familiarity with the 
literature, which unfortunately is not 
possessed by the reviewer. While this 
severely limits its usefulness to the casual 
reader, it undoubtedly greatly increases 
its value to the specialist. It seems likely 
that this volume will even be useful in 
many ways to those who have long worked 
in the fields covered. 

Sumpter and Miller make no pretense 
of complete coverage of the literature in 
the Beilstein sense. Nevertheless, it ap- 
pears that anyone who would study one of 
their chapters carefully would get an ex- 
tensive and very nearly complete picture 
of the chemistry of the compound covered 


and those closely related to it. The chap- 
ter headings are: Indole, Carbazole, Isa- 
tin, Oxindole, Isatogins, Indoxyl, Indigo, 
and Natural Products Containing the 
Indole Nucleus. 

The last chapter, comprising about a 
third of the book, is understandably writ- 
ten from a somewhat different point of 
view. The emphasis here is largely on 
proof of structure; in the earlier chapters 
it is more on methods of preparation and 
reactions. This book cannot be recom- 
mended for an evening of relaxation, but 
it is certainly just what anyone would 
want who wished to read up on such a 
topic as the proof of structure of strych- 
nine and brucine or the methods of prepa- 
ration and reactions of isatin. The liberal 
use of structural formulas and equations is 
a big help to readers who are not thor- 
oughly familiar with the field. The 
nomenclature often leaves something to be 
desired, possibly because the authors have 
tended to use indiscriminately the nomen- 
clature of anyone whose work they happen 
to be discussing. This common tendency 
should not be encouraged. It is always 
distracting and sometimes confusing. In 
the present case, however, there seems to 
be no difficulty in determining what the 
authors mean. 

The references are listed in footnotes in 
Sumpter and Miller, which is probably the 
best possible way, and accumulated as a 
separate list at the end of each chapter in 
Manske and Holmes, which is certainly 
the worst possible way. One finds him- 
self flipping pages constantly, and then 
often ending up with the wrong bibliog- 
raphy at the end of some other chapter. 
Sumpter and Miller is the integrated work 
of a pair of closely collaborating authors. 
Manske and Holmes is a collection of more 
or less independent monographs of greatly 
varying lengths (6-45 pages) written by 
many different authorities. As such, it 
probably has an unusual degree of relia- 
bility. Unfortunately, there is reason to 
doubt the thoroughness of the editing. 
At least, there seems to have been no 
consistency in the copy editing, since in 
two chapters the nitrogen atom in the iso- 
quinoline nucleus is printed entirely out- 
side the hexagon in a fashion inconsistent 
with the representation in all the other 
chapters and in a fashion for which the 
reviewer knows no valid precedent. 


LAWRENCE H. AMUNDSEN 
UNIVERSITY OF CONNECTICUT 
Storrs, CoNNECTICUT 


CHEMISTRY OF THE SOIL 


Edited by Firman E. Bear, Former Chair. 
man, Department of Soils, Rutgers, The 
State University of New Jersey. A. C. S. 
Monograph No. 126. Reinhold Publishing 
Corp., New York, 1955. x + 373 pp. 
Figs. Manytables. $8.75. 


Tuts greatly needed monograph on soil 
chemistry is the first of its kind to be pub- 
lished. Fourteen soil chemists present a 
broad coverage of soil chemistry and some 
treatment of the closely related fields of 
soil development and inorganic plant nu- 
trition. It is valuable as a text for present- 
ing the general chemistry of the soil and 
should serve as a valuable reference for 
persons in related fields. Inasmuch as 
some of the topics covered are still con- 
troversial, the monograph will also un- 
doubtedly serve a useful function in stimu- 
lating additional research. 

After a brief historical introduction, ten 
chapters are arranged in a logical se- 
quence. They deal with soil develop- 
ment; chemical compesition; colloid 
chemistry; cation and anion exchange 
phenomena; soil organic matter; soil fixa- 
tion of plant nutrients; oxidation-reduc- 
tion processes; acid, alkaline, alkali, and 
saline soils; trace elements; and plant nu- 
trition. The appendix contains detailed 
quantitative methods used for soil analyses. 

The most serious general limitation of 
the monograph appears to be the incom- 
plete coverage and lack of detail on many 
subjects, possibly necessitated by restric- 
tions on the length of the chapters. Two 
specific limitations appear worthy of note: 
(1) The chapter dealing with soil chemistry 
and plant nutrition includes theories which 
are, at best, only weakly supported; yet, 
much of the well-supported information on 
plant nutrition is not included. (2) 
Chemical methods are included in the 
appendix which are not in general use and 
which have not been widely accepted; for 
example, rapid electrodialysis in 0.05 N 
H;BO; for extraction of available nutrients 
in soil. 

The authors are to be commended for 
their contributions to this broad initial 
coverage of the field of soil chemistry. The 
format is satisfactory, and the book is, for 
the most part, well written and easily 
readable. A valuable selection of illustra- 
tions and published data is included. The 
fact that much of soil chemistry is still 
emerging from a qualitative stage was an 


OLUME 


ppparent ] 
he monoy 
Houbt suy 
sentially s 


onTANA § 


ORGANIC 
Louis F. 


vard Univ 
Publishin« 
1112 pp. 
book edit 
and Co., | 


Tue tk 
textbook 
recognitic 
ganic ch 
experime 
the publ 
1949. T 
witnesset 
total syn 
It has se 
microbio 
celerate 1 
biogenes 
as the o 
analysis 
Greater 
of orgar 
These 
make th 
corporat 
this text 
This 
less tha 
include 
biologie: 
the chay 
(66 pas 
polyme! 
pages) 
in hete 
the secc 
text mi 
less tha 
and or 
the sam 
“chang 
useful a 

As ¥ 
1-4, 6-1 
700 pa 
troduct 
basie ¢ 
the lea 
tion is 
edition 
of chay 
are ine 

The 
outline 

This is 
does 1 


appen 


: 
| 
A 
ae 
= 
4 
on 
- 
| 
| 
| 
| 
| 
| 
596 


alds of 
nt nu- 
resent- 
il and 
ce for 
ich as 
1 con- 
Oo un- 
itimu- 


n, ten 
il se- 
relop- 
olloid 
lange 
fixa- 
educ- 
, and 
t nu- 
ailed 
yses. 
n of 

1any 

tric- 

Two 


ppparent limitation in the preparation of 
he monograph. Later volumes will no 
doubt supplement and modify the es- 
sentially sound framework presented here. 


RALPH A. OLSEN 
fonTANA STATE COLLEGE AGRICULTURAL 
ExPERIMENT STATION 
BozEMAN, MONTANA 


ORGANIC CHEMISTRY 


Louis F. Fieser and Mary Fieser, Har- 
vard University. Third edition. Reinhold 
Publishing Corp., New York, 1956. v + 
1112 pp. 16 X 23.5 cm. $10. Text- 
book edition available from D. C. Heath 
and Co., Boston. 


Tue third edition of this distinguished 
textbook has been thoroughly revised in 
recognition of the great advances in or- 
ganic chemistry, both theoretical and 
experimental, which have occurred since 
the publishing of the second edition in 
1949. This period, from 1950-1956, has 
witnessed the elucidation of structure and 
total synthesis of many natural products. 
It has seen the use of isotopic tracers and 
microbiological techniques greatly ac- 
celerate the determination of pathways of 
biogenesis. Theoretical concepts such 
as the orbital theory and conformational 
analysis have been of great service. 
Greater understanding of the mechanisms 
of organic reactions has been achieved. 
These and other developments which 
make this era such a rich period are in- 
corporated in the revised third edition of 
this textbook. 

This book contains 40 chapters, two 
less than the second edition. Changes 
include removal of the chapter on micro- 
biological processes, and combination of 
the chapters on rubber, fibers, and plastics 
(66 pages) into a 33-page chapter on 
polymers. A chapter on alkaloids (21 
pages) has replaced the 11-page section 
in heterocycles devoted to alkaloids in 
the second edition. The total number of 
text material (1039 pages) is 38 pages 
less than the second edition. The format 
and order of arrangement is essentially 
the same, although the authors have made 
“changes aimed at making the book more 
useful as a student text.’’ 

As with the second edition, Chapters 
1-4, 6-11, 14-16, and 20-33 (approximately 
700 pages) would constitute a good in- 
troductory course. These chapters of 
basic organic chemistry have undergone 
the least modification, and their organiza- 
tion is very similar to that of the second 
edition. Problems are given at the end 
of chapters, and answers to these problems 
are included at the end of the book. 

The table of contents has not been 
outlined in detail as in the second edition. 
This is one change with which the reviewer 
does not agree. The useful three-page 
appendix, giving bond distances and ener- 
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gies, resonance energies and solubility 
data for a number of compounds, as well 
as electronegativity values for several 
elements, has been maintained. 

In line with the trend of placing greater 
emphasis on the theoretical aspects of 
organic chemistry, these concepts are 
introduced early and used throughout the 
book. Resonance and the orbital theory 
are introduced in Chapter 3 on the alkenes. 
These concepts are further emphasized 
in the chapter on benzene. Conforma- 
tional analysis is introduced in Chapter 12 
on ring formation and stability and finds 
much use in the chapter on steroids. 
Rearrangements are introduced (the Wag- 
ner-Meerwein rearrangement) in Chapter 
6 on alcohols. The use of the electronic 
theories is illustrated in Chapter 5 where 
the distinction is made between the 
electrophilic and nucleophilic additions to 
acetylene. The mechanisms of substitu- 
tion are introduced in Chapter 7 on alkyl 
halides. These mechanisms are further 
presented in the chapter on reaction 
mechanisms. There is, however, little 
change in this chapter, so that many may 
feel that the treatment of this subject is 
inadequate. 

Some desirable minor additions have 
been made. The chapter on alcohols in- 
cludes a brief discussion of mercaptans 
and sulfides. The chapter on stereo- 
isomerism includes diphenyl isomerism 
under geometrical isomerism. The sec- 
tion on enols and enolates has been moved 
from ring formation to aldehydes and 
ketones and expanded. A major addi- 
tion is a section on tropolones under 
phenols. 

However, the most striking changes 
occur, as expected, in the chapters on 
natural products. The inclusion of tro- 
polones and the expansion to chapter sta- 
tus of alkaloids has been mentioned. The 
chapters on carbohydrates, fats, and pro- 
teins have been rewritten. The chapter 
on proteins, including the work of Sanger, 
duVigneaud, and Lippmann among 
others, is especially significant. The 
chapters on steroids, isoprenoids, and 
vitamins have been completely revised 
and the chapters on heterocycles and 
dyes slightly expanded. The removal of 
the chapter on microbiological processes 
caused the deletion of the material on 
bacterial fermentation, which the reviewer 
regrets, in view of the importance of 
microbiological synthesis, e.g., cortisone. 

The chapter on chemotherapy is in- 
teresting and valuable, although some 
workers in the field might have desired 
the inclusion of functional drugs. 

A new feature is the introduction of 
biographical sketches of 454 chemists. 
These sketches give: the chemist’s full 
name, vital statistics, the university at 
which a higher degree was obtained or 
where study was pursued, the professor 
under whom he worked, and the university 
or company of his major service. With 
the exception of certain errors in birth- 


dates and the inevitable disagreement 
with some of the choices, this section is 
highly commendable and useful. 

This book will certainly be a valuable 
addition to our literature. Beautifully 
bound in a red and gold cover, nicely 
printed, and written with the clarity 
characteristic of the Fiesers, it will take 
its rightful place as an outstanding text- 
book in the English language. 


SAMUEL P. MASSIE 
Fisk UNIVERSITY 
NASHVILLE, TENNESSEE 


THE CHEMISTRY OF PHENOLIC 
RESINS 


R.W. Martin, Shell Development Company. 
John Wiley & Sons, Inc., New York, 1956. 
xi + 298 pp. Figs. and tables. 15.5 x 
23.5cm. $9.50. 


Tue first completely synthetic high 
polymers to find extensive commercial 
utilization were prepared from phenol- 
formaldehyde condensation products as a 
result of the pioneering work of Baekeland 
almost 50 years. ago. Since that time 
these and related polymers from other 
phenols, aldehydes, and ketones have as- 
sumed an increasingly important industrial 
role. 

This well-organized treatise brings to- 
gether in a relatively small volume prac- 
tically all of the important work which has 
been done on the chemistry of the highly 
complex field of phenol-formaldehyde type 
polymers. While this book is not intended 
to be an exhaustive survey of the litera- 
ture, the large number of references cited 
will be most useful to those who wish to 
pursue further some particular phase of 
the subject. In certain instances the 
author has attempted a critical analysis of 
conflicting results found in the literature. 
Brief summaries of current manufacturing 
procedures and end uses for the products 
are given. 

It may seem somewhat surprising that 
such a large portion of the book is con- 
cerned primarily with well-defined, low 
molecular weight substances. Actually 
this material is essential for an understand- 
ing of the structure of phenol-formalde- 
hyde polymers and the reactions leading 
to their formation. Extensive tables list- 
ing’melting points and references to in- 
dividual hydroxymethyphenols and_ bis- 
(hydroxypheny])-methanes are given. Such 
information along with that in the chap- 
ters on heterocyclic compounds and reac- 
tions of phenol-aldehyde condensation 
products will be of interest to organic 
chemists in general. A good treatment of 
the recent work which has resulted in sig- 
nificant advances in rate studies on phenol- 
formaldehyde condensations is given in 
Chapter X on Reaction Kinetics. While 
the nomenclature employed for certain of 
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the compounds could be improved, the 
names used are not ambiguous. 

This book will be a welcome and sig- 
nificant addition to the libraries of both 
polymer chemists and those interested in 
the chemistry of phenolic compounds. 


W. J. BURKE 
University or UTau 
Sait Lake City, Utan 


ADVANCES IN CHEMICAL 
ENGINEERING. VOLUME I 


Edited by Thomas B. Drew, Department 
of Chemical Engineering, Columbia Uni- 
versity, and John W. Hoopes, Jr., Atlas 
Powder Company. Academic Press, Inc., 
New York, 1956. x +448pp. Figs. and 
tables. 16 X 23.5cm. $10. 


Tue ‘“Advances’’ in many fields . of 
science have now been joined by a similar 
volume in Chemical Engineering. This 
differs from the review type book, as the 
“Annual Review of Physical Chemistry,”’ 
which is a more or less complete compila- 
tion of the papers published in the sub- 
divisions of the field during the past year. 
The ‘“Advances’’ series contain a number 
of authoritative and critical surveys of 
recent work on subjects of theoretical 
or practical importance in which consider- 
able interest has been shown through re- 
search and publications. 

The seven chapters in this volume are: 
Boiling of liquids, by J. W. Westwater; 
Non-Newtonian technology: fluid me- 
chanics, mixing, and heat transfer, by 
A. B. Metzner; Theory of diffusion, by 
R. B. Bird; Turbulence in thermal and 
material transport, by J. B. Opfell and 
B. H. Sage; Mechanically aided liquid 
extraction, by R. E. Treybal; The auto- 
matic computer in the control and plan- 
ning of manufacturing operations, by 
R. W. Schrage; Ionizing radiation applied 
to chemical processes and to food and 
drug processing, by E. J. Henley and 
N. F. Barr. The first chapter covers 
only nucleate boiling; other types will be 
covered in a continuation chapter in 
Volume II. 

All these chapters are excellently 
written reviews, each terminating with a 
tabulation of nomenclature used and a 
lengthy list of réferences. Charts and 
pictures are used liberally. 

This series will assist the man in in- 
dustry, the teacher, and the graduate 
student to keep abreast of advances 
in chemical engineering. Unfortunately, 
advances are occurring so rapidly that 
seven chapters cannot begin to cover the 
field. Future volumes will extend this 
coverage. 


KENNETH A. KOBE 
UNIveRsITY oF TEXAS 
Austin, Texas 
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PRINCIPLES OF CHEMICAL 
ENGINEERING THERMODYNAMICS 


Ernest D. Wilson, Professor of Chemical 
Engineering and Chemistry, Worcester 
Polytechnic Institute, and Harold C. Ries, 
Emeryville Research Center, Shell De- 
velopment Company. McGraw-Hill Book 
Company, Inc., New York, 1956. ix + 
376 pp. Many figs. and tables. 16 xX 
23.5cm. $7.50. 


Tue authors have written an elementary 
thermodynamics text which can be taught 
in the junior year in a two-semester 
course which parallels the course in 
physical chemistry. The student then 
is able to apply thermodynamics in com- 
prehensive problems given during the 
senior year. The subject has been pre- 
sented as a tool and a method of approach 
to the solution of industrial problems. 
For these reasons the principles are pre- 
sented first, followed by applications to 
industrial type problems. 

A brief introduction which discusses 
definitions and units is followed by a 
chapter on states and properties of matter 
including heats of transition and vapor 
pressure plotting. The chapter on the 
first law is followed by one on applica- 
tions, such as enthalpy changes, heat of 
compression, and work. Following this 
is one on handling and compression of 
gases, which discusses more practical 
aspects, as polytropie processes. Thermo- 
chemistry deals with heats of reaction, 
solution processes, and fuels. The second 
law is presented through the Carnot 
Cycle and tied to the concept of useful 
work. 

The second section of the book dealing 
with applications starts with a chapter on 
graphical methods and presentation of 
thermodynamic charts. Two chapters 
discuss steam power plants and refrigera- 
tion, including the heat pump. A brief 
chapter treats the thermodynamic poten- 
tial functions. The failure of the ideal 
gas laws is discussed, the compressibility 
(called C) chart is explained and the effect 
of nonideality on other thermodynamic 
functions is developed. In the chapter 
on phase equilibria, the fugacity concept 
is introduced, and most of the chapter is 
devoted to vapor-liquid equilibrium, 
Gibbs-Duhem equation, activity co- 
efficients, and vaporization-condensation 
problems. The concluding chapter treats 
chemical equilibrium, activity, the third 
law, and the effect of temperature on 
equilibrium composition. 

A series of appendixes presents thermo- 
dynamic data in tables, estimation of 
thermodynamic data, and calculation 
of frictional losses. The final appendix 
gives a series of 124 problems, numbered 
according to the chapter which each is to 
accompany. Many of the problems refer 
to a portion of an ethylene plant shown in 
a detailed flowsheet, so the student sees 
the application of his thermodynamic 
calculations. 


The authors have remained on 
elementary level in most cases and have 
presented advanced material, as t¢ 
Gibbs-Duhem equation and thermo 
dynamic checking of activity coefficients 
in a simple and understandable manner, 
Some things are too simple and inexact: 
for example, the calorie is no longer thd 
amount of heat required to raise one gram 
of water from 15° to 16°C. (centigrade o 
Celsius?) The thermodynamic energy 
functions are designated by E, H, A, and 
F, rather than A.I.Ch.E. designated 
symbols. 

The text has fulfilled its objective of an 
easily understood junior level book. 


KENNETH A. KOBE 
Tue University or Texas 
Austin, TEXAS 


MATTER AND LIGHT: THE NEW 
PHYSICS 


Louis De Broglie, Professeur 4a la 
Faculté des Sciences de Paris. Reprint. 
Dover Publications, Inc., New York, 1955. 
300 pp. 3 figs. 13.5 Xx 20.5 om. 
Paper bound. $1.60. 


PuysICAL sciences are concerned with 
matter and energy. One form of energy 
is light. So, this title implies a considera- 
tion of the spread of physical science, and 
further, that “The New Physics’ may 
have emerged from such inclusiveness. 

Up-to-date chemists know that New- 
tonian mechanics and the wave theory of 
radiation have, in recent years, not been 
adequate to explain such phenomena as 
photoelectric effect, black-body radia- 
tion, photochemical decomposition, Comp- 
ton effect, or electron diffraction. Dr. 
De Broglie comes to grips with this 
deficiency of physical theory in this book. 

In five sections, many with subdivisions, 
the following are considered: present- 
day physics (a survey), matter and elec- 
tricity (explained by corpuscles), light and 
radiation (explained by waves), wave 
mechanics (the tool of integration), and 
philosophical studies (projecting physical 
patterns to reality in general). There 
are four insertions labeled appendices, and 
five-and-one-half-page double-column 
index but no table of contents. 

The genesis of the theory of wave 
mechanics came in an effort to meet the 
deficiencies of current theories. Explana- 
tions for photomatter and matter-radia- 
tion phenomena required that for matter 
there be a wave aspect of its corpuscles, 
and that for radiation there be a corpuscu- 
lar aspect to its waves. In an effort to 
bring these apparently contradictory facts 
into a common frame of reference the 
theory of wave mechanics was born. 
“It led,’’ says De Broglie, ‘‘to the inter- 
pretation of the laws of physics in terms of 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


ur firm or Institu- 


NEW APPARATUS & EQUIPMENT 


» A “one hand”’ chain device clamp is now 
available from Fisher Scientific Co., 717 
Forbes St., Pittsburgh 19, Pennsylvania. 
It will secure anything with a diameter of 
3 to 6'/2 inches—beakers, bottles, mortars, 
columns, tanks, etc.—by conforming to 
the outline of the appliance. 


>» The newest addition to the Ion Ex- 
change Products, 9349 S. Cottage Grove, 
Chicago 19, Illinois, rapidly growing line 
of demineralizers is the Water Master 
Table Model Demineralizer. The new 
model features direct faucet connection for 
de-ionized water on tap with flow rates 
of better than 1 gallon a minute. A direct 
reading meter calibrated in ohms per 
cubie centimeter and parts per million 
indicates the quality of water being de- 
livered. 


> A radically new type of water-soluble 
silicone concentrate called Siliclad that 
imparts a protective coating to glassware 
and other materials, is now being manu- 
factured by Clay-Adams, Inec., 141 E. 
25th, New York 10, N. Y. Siliclad, when 
diluted with ordinary tap water, may be 
used to coat glassware, ceramics, metal, 
rubber, and plastic materials. 


> Hevi-Duty Electric Co., Milwaukee 1, 
Wisconsin, announces a new high-tem- 
perature tube furnace, large enough for 
production work, as well as laboratory 
analysis. The safe working temperatures 
range from 1700° to 2600°F. The work- 
ing chamber is 27 inches long and will 
accommodate tubes up to 5 inch O.D., 
while the over-all length of the furnace is 
42 inches. 


> Jabsco Pump Co., 2031.N. Lincoln St., 
Burbank, California, recently announced 
the availability of the Model 4970, a 
close-coupled, portable, self-priming 
plastic pump and motor unit, designed 
for general transfer applications in chemi- 
cal, pharmaceutical, food, and general in- 
dustries. 


> A new mechanically refrigerated, self- 
contained low temperature viscosimeter is 
announced by Labline, Inc., 3070-82 W. 
Grand Ave., Chicago 22, Illinois. For 
tunning low-temperature viscosities this 
ba th eliminates the usual use of dry ice and 
acetone mixtures, and gives continuous, 


uninterrupted service by utilizing me- 
chanical refrigeration. 


p> A new 100-Kv Electron Microscope 
(Type EM-100B) with many unique 


operating features including a hinged ob- 
jective lens for quick change or cleaning 
of pole inserts, magnetic compensator, 
objective diaphragm with multiple aper- 
tures, and insert screen with binoculars 
for ultra-thin specimens, has been an- 
nounced by the Instruments Division, 
North American Philips Co., Inc., 750 8. 
Fulton Ave., Mt. Vernon, New York. 


@ One of the most completely available 
bibliographies of chemical abstracts relat- 
ing to chlorosulfonic acid is among the 
features of a new technical bulletin on this 
widely used inorganic acid just published 
by Monsanto Chemical Co.’s Inorganic 
Chemicals Division, St. Louis 1, Missouri. 


@ The most comprehensive variety of 
high purity rare earth oxides and com- 
pounds ever produced is now available in 
the United States, the Jarrell-Ash Co. of 
Newtonville, Massachusettes, announced 
recently. 

Further information regarding types and 
purities of these rare earths and com- 
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pounds can be obtained from the Infor- 
mation Service of this company. 


@ Volume 3, No. 16 of the Gardner Lab- 
oratory, Inc., Bethesda 14, Maryland, 
describes several new instruments in- 
cluding a ceramic density penetrometer, 
new electric bunsen burner, and a new 
large area colorimeter. 


@ Progress Report 1955-6 of the Fund for 
Peaceful Atomic Development, Detroit 26, 
Michigan, reports the activities in pro- 
moting peacetime programs of atomic 
energy in other countries. 


@ The Story of Science in Industry is an- 
other one of the most excellent contribu- 
tions that E. I. du Pont de Nemours and 
Co., Inc., has made to the lay public in 
presenting the fascinating picture of the 
various areas of science. Copies of this 
interesting story which is extremely well 
illustrated should be miade available to all 
teachers at all levels. They can be ob- 
tained from the Public Relations De- 
partment of the company at Wilmington 
98, Delaware. 


@ The Fall, 1956 issue of the Alco Prod- 
ucts Review features a descriptive article 
on thermal rating of heat exchangers by 
an electronic data processing machine. 
Copies of the Alco Products Review are 
available from Alco Products, Inc., 
P. O. Box 1065, Schenectady, New York. 


@ A new 12-page booklet titled Norelco 


COMPR 


GASES 


ON HAND! The World’s Most Diversified Stock of 


Common or rare, 
the gases you need are 
supplied by MATHESON in the 
PUREST FORMS 
AVAILABLE! 


Any gas mixture for instrument calibrat- 
! ing, heat treating, nuclear flow counters, 
= chemical processing, or for any other pur- 
pose can be supplied in all cylinder sizes, 
including lecture bottles. 4 


OUR NEW CATALOG—_— -- 
Listing 75 gases, gives the gas user | 4 
complete information on: 
* CYLINDER PRESSURE, for each gas, at 
70° F. * GAS PURITY * CYLINDER DI- i 
MENSIONS * RECOMMENDED PRES- 
AND FLOW CONTROLS VALVE 
OUTLET TYPES AVANABLE MIXTURES 


[The MATHESON | 
COMPANY. 


East Rutherford, N. J. 
Joliet, i. 


X-ray for Industry containing opers ting 
and application data on six different types 
of radiography units, is available from 
the Instruments Division, North American 
Philips Co., Inc., 750 S. Fulton Ave., Mt. 
Vernon, New York. 


@ A new 68-page Industrial Product 
Book for the chemical industry has heen 
published by Nitrogen Division, Allied 
Chemical & Dye Corp., Dept. IC, 40 
Rector St., New York 6, N. Y. 


@ Glycerine—Terms, Tests, Technical Data, 
a new 19-page booklet describing the 
commercial grades, definitions, specifica- 
tions, test methods, and shipping and 
storage requirements of glycerine, has 
just been issued by the Glycerine Pro- 
ducers’ Association, 295 Madison 
New York 17, N. Y. 


@ A new 24-page booklet, Bulletin No. 9, 
published by Central Scientific Co., 1700 
Irving Park Rd., Chicago, Illinois, pro- 
vides an excellent guide for the laboratory 
planning the installation of a high vacuum 
system. 


@ Bulletin No. 392 is a description of the 
“Multiplier Fluorescence Meter Model 
540”’ including applications and general 
use of fluorimetric analysis. It can be 
obtained from the Photovolt Corp., 95 
Madison Ave., New York 16, N. Y. 


@ Arnold O. Beckman, Inc., 1020 Mission 
St., S. Pasadena, California, offers Bulletin 
TD-507 containing information on the 
application and operation of thermal 
conductivity analyzers. 


@ Copies of Wood Research No. 26 are 
available from Timber Engineering Co., 
1319—18th St., N. W., Washington 6, 
D.C. This issue is a reprint from 
entitled “Industrial Applications of Wood 
Chemistry.”’ 


@ Minneapolis-Honeywell Regulator Co., 
Industrial Division, Philadelphia 44, Penn- 
sylvania has available Bulletin G-2 
covering catalogues, bulletins, specifica- 
tion sheets, data sheets, illustrated lec- 
tures and articles from Instrumentation 
magazine. 


@ A General Catalogue of instruments for 
analysis, control, and data processing is 
offered by Consolidated Electrodynamics 
Corp. 500 N. Sierra Madre Villa, Pasa- 
dena, California. 


@ Concurrent with its announcement 
that the normally gaseous element, 
Fluorine, is available for the first time as a 
liquid in bulk containers, General Chem i- 
cal Division, Allied Chemical & Dye Corp. 
40 Rector St., New York 6, N. Y., has re- 
leased a comprehensive 22-page technic: 
bulletin on the chemical and its handling. 
Ask for bulletin PD-TA-85411. 


@ The versatility of Celite diatomaceois 
silica pigment extenders and flatting 
agents is illustrated in a unique way i0 
Johns-Manville’s latest brochure. 

This 46-page booklet titled, Flatting 
Agents, Pigment Extenders, Filter Aids for 
the Finishes Industry contains 41 paint 
formulas collected from raw materi! 
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manufacturers all over the country and 
reprinted with their permission. Contact 
Johus-Manville, 22 E. 40th St., New York 
16, 


MISCELLANY 


* by special treatment of steels contain- 
ing nickel, aluminum, and cobalt, per- 
manent magnets are now being produced 
which have about 25 times the magnetic 
strength of the best carbon steel magnets. 
Electronic developments, such as radar, 
have been made possible by their use. 
These high-strength magnets also permit 
the production of hearing aids and port- 
able radios in light and compact form. 


* “The Use of Soft X-Rays in the Sterili- 
zation of Pharmaceuticals,’’ by Dr. F. E. 
Porter of Battelle Institute, Columbus, 
Ohio, was the topic of a paper given at the 
recent annual meeting of the Society for 
Industrial Microbiology. Among the 
products that have been treated with 
soft, X-rays in the course of experiments at 
Battelle are penicillin, vitamin By, and 
riboflavin. Each of these compounds 
was sterilized without loss of potency. 


* Dislocation theory has been developed 
over the past several decades to satis- 
factorily describe the mechanical behavior 
of metals. For example, this theory ex- 
plains why metals are net nearly as strong 
as previous theoretical studies indicated 
they should be. However, evidence of 
the physical existence of dislocations has 
been, until recently, complex and indirect. 
This lack of direct evidence, coupled with 
the extreme versatility of the theory, led 
metallurgists to suspect that perhaps dis- 
locations had no reality. 

Several significant experiments have 
recently been reported which leave little 
doubt that dislocations are real and be- 
have essentially as described by the theory. 
F. L. Vogel, W. G. Pfann, H. E. Corey, 
and E. E. Thomas at Bell Telephone Lab- 
oratories observed that certain internal 
boundaries in germanium crystals, when 
properly etched, appeared as a series of 
diserete pits in the surface. They proved 
by microscopic and X-ray measurements 
that these pits marked the positions of 
dislocations. 

Investigations of plastic flow in ger- 
manium crystals by F. L. Vogel and Miss 
l.. C. Lovell at Bell Laboratories confirm 
the value of dislocations in explaining the 
behavior of crystalline solids. By de- 


forming the crystals at high temperatures ~ 


und cooling to “freeze in’’ the structural 
changes, they have been able to observe 
and study the movements of individual 
dislocations during both deformation and 
annealing. 


% Report from Polytechnic Institute of 
Brooklyn, Vol. 11, No. 1, September, 
1956, gives a most interesting story of the 
importanceof X-ray diffraction in research. 
Brief accounts are given of the nature of 
this technique and its industrial appli- 
cations and the program given at this 
institution. 
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Chemical stability keeps labware made of Pyrex brand glass No. 7740 from 
clouding, makes it easy to clean, keeps it usefully bright for extra years. 


SAFETY FACTOR for student zeal... 
another reason to choose this glass 


In their unbridled eagerness to learn, 
your students may not be as careful 
with equipment as they might. 
While not intentional, this is none- 
theless tough on apparatus, espe- 
cially glass apparatus. But apparatus 
made of Pyrex brand glass No. 
7740 has a balanced able-bodied- 
ness that withstands physical and 
thermal shock and chemical attack. 


PYRE x’ 


To the natural strengths of the 
glass, we engineer additional ability 
to take it. For instance, we use extra- 
heavy blanks where indicated. On 
our graduated cylinders, for exam- 
ple, we add impact-absorbing rims 
at the point of first contact. And we 
use a hexagonal base so that if the 
graduate is knocked over it won’t 
roll off the lab table and break. 


So while there are bound to be 
accidents, we try to provide an extra 
safety margin to keep the mishap: 
minor. Safety is one good reason foi 
using Pyrex brand glassware in your 
school lab. Saving is another. Can’ 
think of two better ones, can you? 
CORNING GLASS WORKS 
76-12 Crystal Street, Corning, N.Y. 


Corning meant research 


laboratory ware 
... the tested tool of modern research 
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24. MISCELLANEOUS. 


ALSO SPECIAL INSTRUCTIONS FOR 
HIGH SCHOOL TEACHERS. 


Demonstrations which do not easily fit into the Topics origi- 
nally announced in THIS JOURNAL, 32, 28 (1955) are included 
in this section. 


CHROMATOGRAPHY 


24-1 Silicate ion exchange: See Dem. 15-13, water soften- 
ing. 
24-2 Inorganic ion exchange: See Dem. 22-4. 
24-3 See numerous papers on cation analysis, paper chroma- 
tography and organic chromatograms in the J. CHEM. 
puc, 


INDUSTRIAL EXHIBITS 


In eet these are described under each topic, i.e., 
a model of the lead chamber process for sulfuric acid 
will be found under Topic 19: The Sulfur Family. 
24-4 Description of exhibits in the Deutches Museum in 
Munich, Germany. W., J. Cuem. Epvuc., 7, 
762 (1930). 


MODELS 


See also Topic 9 (atomic models), Topic 5 (crystal and 
molecular models), 15-7 (silicates), 16-2 (carbon), 22-1 
(isomers). 

24-5 Atomic Structure Models. The author has yet to see any 
atomic model which is superior to a blackboard drawing 
in colored chalk. Complex models using balls strung 
on wires, or felt or magnets moved about on boards, 
only complicate the picture. 

24-6 A giant atomic model. There is some merit in hangin; 
from the ceiling in a class a giant three-dimensiona 
model of some common element such as oxygen 
(Brooks, W. G., J. Cuem. Epuc., 24, 245 (1947)) or 
sodium (Hatu, G. A., Jr., ibid., 24, 564 (1947)). 

24-7 Molecular models. These are extremely useful. The 
Fisher-Hirschfelder-Taylor models suffice for small 
classes; larger colored Styrofoam balls sliced in jigs and 
cemented together are excellent for larger groups. 
(LaMBERT, F. L., J, Cuem. Epuc., 30, 503 (1953)). A 
jig with goniometer for getting the proper slicing angle 
(Decker, B. F., and Asp, E. T., ibid., 32, 75 

1955)). 

24-8 Crystal models. Close-packed molecular and crystal 
models can be made from Sytofoam or from colored 
balls dipped in 60% rubber latex, then made tacky by 
moistening with benzene, and finally stuck together by 
pressing (Hauser, E. A., J. Cuem.,Epuc., 18, 164 
(1941)). A scale of one inch to an Angstrom is con- 
venient for models for a large lecture hall (CAMPBELL, 
J. A., ibid., 25, 200 (1948). 

24-9 Dynamic Sugar Model. A board 3/; K 2 X 12” ash 
C—C—C—C painted on it; four other boards of the same 
size have H—O—O—H painted on them. They are 
assembled on a blackboard, on which is painted H.OC— 
and —CHO, in such a way as to resemble Fig. 24-5a, 
with the four boards sliding under the one, and one O of 
each of the former covered by C. By moving the slid- 
ing boards, sixteen different sugar isomers (but not the 
lactone ring) can be illustrated, viz., Fig. 24-5b. 


O 
H H HH 
Fig. 24-5a 
H H 
O OHH 
H:,OC—C C C C—CHO 
H Oo 
H H 
Fig. 24-5b 


See Eppy, C. W., J. Cuem. Epuc., 8 (1370 (1937)). 


O PERIODIC CHART 


24-10 Fasten cards with 10-ft. long strings tied to them over 
the following boxes in the Periodic Chart on the lec- 
ture-room wall: Group zero elements, Ge, Ga, Sc. 
Predict the properties of the three latter, as did Men- 
delejeff, then reveal them by pulling the strings. Raise 
the question of where to insert the inert gases, and 
then reveal them by pulling all of the strings at once. 


24-11 There are many references to wall charts, some with the 
elements individually illuminated, and with a control 
anel on the lecture desk. See Dutton, F. B., J. Cuem. 

puc., 28, 110 (1951). 


PROJECTION DEMONSTRATIONS 


Mr. Zaza, in the back row of the lecture hall, too 
often sees little of what is taking place on the lecture 
table. The use of large tubes, 50 X 600 ml. is a solu- 
tion if the class numbers a few hundred; but for classes 
over 400 the use of the projector to show these changes 
becomes imperative. me projection techniques are 
described below. 

24-12 Micro-projector. This is now on the market. Types of 
demonstrations which can be performed with it include 
(1) Growth of silver trees (GELIN, D., J. Cuem. Epuc., 30, 
151 (1953), Prerers, H. A. J., ibid., 3, 876 (1926)). 
(2) Crystallizations (Fisner, H. R.., ibid., 8, 149 (1931), 
melted acetamide and crystallized supersaturated sali- 
cylic acid; Prerers, H. A. J., ibid., 3, 876 (1926) evap- 
orated solutions of inorganic salts, and carried out 
various metathesis, identifying the products on the 
microscope slide). (3) Melting points followed on a hot 
stage microscope (SCHAEFFER, H. F., ibid., 25, 20 
(1948)). (4) Brownian movement (Buack, N. H., tbid., 
5, 868 (1928)). (5) Cottrell precipitator (BLAKE, E. W., 
ibid., 9, 2133 (1932)). (6) Silicate gardens (James, H., 
ibid., 6, 2260 (1929)). 

24-13 Projection of Equipment. In the slide-carrier of a pro- 
— can be shown (1) the movement of a monometer 
iquid (Moore, J. W., and Furcason, C. M., J. 
Epvc., 19, 513 (1942)), and (2) corrosion of metals in 
a gel (MELpRvuM, W. B., ibid., 25, 254 and 490 (1948); 
Anous, L. H., ibid., 28, 556 (1951)). 

24-14 Over-head projector. By carrying out experiments in 
crystallizing dishes, or using equipment placed on the 
horizontal stage of an over-head projector a great vari- 
ety of demonstrations is possible. The following indi- 
cate this: (1) transparent ammeters and voltmeters to 
show differences in conductivities; (2 reactions in 
which gases are evolved, to show relative activities; (3) 
color changes, as with indicators, equilibrium shifts, 
and precipitations; (4) dissolving ollie: (5) surface 
tension effects, as with camphor on water; (6) crystal 
formation; (7) electrolysis with gases evolved, or the 
migration of colored ions, or the release of colored prod- 
ucts at the electrodes; (8) corrosion of wires; and (9) 
optical activity, using Polaroids. These experiments 
are described in the following articles. FILLINGER, 
H. H., J. Cuem. Epuc., 8, 1852 (1931); RicHarp, 
O. W., ibid., 17, 210 (1940); Mog ier, T., ibid., 18, 
298 (1941); Bacon, E. K., ibid., 25, 251 (1948); Orr, 
W. L., ibid., 26, 267 (1949); NorE.uer, C. R., ibid., 26, 
269 (1949); SLaBauGu, W. H., ibid., 28, 579 (1951). 


SLIDES 


24-15 Slides without a camera. (1) Write on cellophane, or on 
carbon pes pressed against both sides of thin cello- 
oe sheets to achieve a darker impression. (2) Grind 

20-mesh wet carborundum between two lantern slide 
plates to make matte glass; write upon this with India 
ink or pencil; seal using a 1 mm. layer slightly thick- 
ened Permount solution (Fisher Scientific Co., No. So-P- 
15) which makes the matte transparent. (Myer, J. H., 
J. Cue. Epvc., 29, 28 (1952). 


SPECIAL APPARATUS OR TECHNIQUES 


24-16 Washing precipitates. (1) Filter 10 g. Cellite mixed 
with 100 ml. of 1% KMn0O,-aq. through a sintered-glass 
Buchner funnel; suck dry. (2) Repeat, but wash once 
with 90 ml. water. (3) Repeat, but wash three times 
with 30 ml. portions of water. Contrast the three col- 
ors. Bonner, W. A., J. Cuem. Epuc., 25, 41 (1948). 

24-17 Lecture-table thermometer and voltmeter. See Dutton, 
F. B., J. Cuem. Epuc., 32, 478 (1955), for details of an 
electrical device which simulates the motion of liquid 
in the column of a thermometer. 


SPOT REACTIONS 


_ 24-18 F. Frere. describes many such reactions in the J. Cue. 


Epvuc. A mirror fastened to a wire rack at an angle 
over a spot plate can be used to reflect the spot reaction 
to a small class. Perctvat, G. P., ibid., 20, 87 (1943). 
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SPECIAL INSTRUCTIONS FOR HIGH SCHOOL TEACHERS 


It has been the hope of the author, in presenting these many days, the High School teacher can assemble a kit sufficient 
demonstrations during the past two years, to encourage es- for five years of demonstrations, 200 demonstrations a year. 
pecially those High School chemistry teachers who had The kit, once made, relieves the teacher of any and all lecture- 
previously thought that chemical demonstrations were too table preparations during the school year. Equipment in- 
hazardous, too expensive and too time-consuming for them. volving fire, explosion, or choking gases have been omitted, 
To help them, there is presented below a “package deal’’: and are listed in the last column of the table as a warning to 
two hundred of the simpler basic demonstrations selected those teachers not fully aware of the hazards involved. 
from the 1955-6 series, and a list of the chemicals and equip- The numbers correspond to the numbers in the 1955-6 
ment required in their performance. By working only three series. 


TWO HUNDRED BASIC DEMONSTRATIONS 


Demonstrations Demonstrations 
Suitable for Demonstrations Suitable for Demonstrations 
Elementary Suitable for Dangerous Elementary Suitable for Dangerous 
Topic School High School (Omit) Topic School High School (Omit) 
1 2,4,6,7,9,10, 2,4,5,6,7,8,9,10,11,12,13,14,15, 3 16 2,5,14,15,16 2,5,6,11,14,15,16,18,19,22,26 Senate 
12,15 16,17 
2 2,7,13,16,17  —-2,7,10,11,12,13,14,16,17 5,6,15,18 17 1,20 1,3,7,10,11,12,15,19,20,21 5,6,8,16,17, 
3 4,6 4,6,11 3,10,13,14,15 22,23,25 
4 3,4,7,8 3,4,5,6,7,8,9,11,13,17 10,11 18 22 14,18,19,22,23,25 1 through 11, 
5 1,13,16 1,4,9,12,13,16,21 6,11,15 13,20,21 
21 12,27,80,83 7,12, 17,22,27,30,31,33 9,15,19,28 
experiments 22 1,3,9,13,15,16,20,27,28 4,6,7,8,10,12, 
11 4,7,18 4,7,13,14 14,17,18,21 
12 21 5,8,13,16,17,18,21 1,2,3,4,9,10 23 2,6,10,11,18, 1,2,3,5,6,7,10,11,12,13,16,17,18, 1(f),25 
13° 3,5,14 3,4,5,14,18,21,22,25 11,1 20,21,22 20,21,22 
14 7,13 5,6,7,13,14,15,17,19 8,9,10,11 24 6,7,8,9 1,2,3,6,7,8,9,10,11,12,13,14,15, 
15 10,23,25 3,4,5,8,10,18,22,23,25 7 9,24 16,17 
CHEMICALS REQUIRED FOR 200 BASIC DEMONSTRATIONS 
(Technical grade is satisfactory. Amounts stated are for performing each demonstration once, to a class of about 30 pupils.) 
Acids Copper chloride, 10 g. Licorice, 2 g. powder Rosin, 10 g. 


Acetic, glacial, 100 ml. 
Hydrochloric, concentrated, 1 liter 
Nitric, concentrated, 1 liter 
Sulfuric, concentrated, 1 liter 
Agar-agar, 5 g. 
Alloy, low melting, 50 g. 


Litmus paper, 1 sheet 
Lycopodium, powder, 5 g. 


Copper sulfate, 5H20, 100 g. 


Sand, fine, 50 g. 
Copper sulfate, anhydrous, 10 g. 


Silicone putty, a lump 
Silver nitrate, 5 g. 

Soap, 20 g. 

Sodium bicarbonate, 300 gz. 
Sodium bisulfite, 50 g. 


Magnesium, ribbon, roll 
Magnesium chloride, 10 g. 
Magnanese dioxide, 10 g. 
Mercury metal, 200 ml. 


Detergent, such as Dreft, Drene 
Dyes: 5 g. each of Sudan Red, Sul- 
fanil Blue, Aniline Yellow 


Aluminon reagent, 1 g. Ether, 100 ml. Mercuric bromide, 10 g. Sodium carbonate, 10H.0, 10 g. 
Aluminum, powdered, 20 g. Ethyl alcohol, 95%, 500 ml. Sodium chloride, 10 g. 
Aluminum chloride, 30 g. Fat, 10 g. Mercuric oxide, 30 g. Sodium hydroxide, pellets, 200 g. 


Aluminum sulfate, 200 g. 
Ammonium chloride, 100 g. 
Ammonium dichromate, 200 g. 
Ammonium hydroxide, 1 liter 
Aniline, 50 ml. 


Ferric chloride, 10 g. 
Ferrous sulfate, 10 g. 
Formaldehyde, 40%, 100 ml. 


Gasoline, 50 ml. 
Gelatin, 30 g. 


Sodium phosphate, primary, 10 g. 
Sodium phosphate, secondary, 10 g. 
Sodium phosphate, tertiary, 10 g. 
Sodium silicate (water glass), 500 ml. 
Sodium sulfide, 20 g. 


Methylene blue, 1 g. 
Methyl orange, 1 g. 
Mineral oil, 50 ml. 
Moth balls (2) 


Nickel chloride, 10 g. 


Antimony, granular, 100 g. 
Antimony chloride, 30 g. 


Barium chloride, 10 g. 
Benzne, 20 ml. 
Borax (sodium tetraborate), 30 g. 


Calcium Acetate, 100 g. 
Calcium bicarbonate, 10 g. 
Calcium hydroxide (or oxide), 100 g. 
Calcium sulfate, 10 g. 
Carbon, activated, 100 g. 
Carbon, powdered, 20 g. 
Carbon disulfide, 200 ml. 
Carbon tetrachloride, 100 ml. 
Chromic sulfate, 100 g. 
Cobalt chloride, 40 g. 
Copper, sheet, 10 X 10 cms. 
Copper bromide, 10 g. 


Glauber’s salt (Na2:SO«, 10H.0), 10g. 
Glucose, 20 g. 

Glycerine, 10 ml. 

Gold chloride, 1 g. 


Hair pins (a dozen) 
Hydrogen peroxide, 3%, 100 ml. 


lodine, 30 g. 

Iron bar, 2 X 15 ems. 
Tron filings, 50 g. 

Iron sulfide, 20 g. 


Kerosene oil, 10 ml. 


Lead foil, 4 X 10 cms. 
Lead pipe, 1 X 10 cms. 
Lead acetate, 30 g. 

Lead nitrate, 20 g. 

Lead oxide (Pb3:0«), 20 g. 


Oils of different viscosities, 10 ml. 


Phenolphthalein, 1 g. 

Phosphorus, red (not yellow), 20 g. 
Platinum foil, thin, 1 X 4 cms. 
Potassium acetate, 10 g. 
Potassium dichromate, 20 g. 
Potassium ferricyanide, 10 g. 
Potassium ferrocyanide, 10 g. 
Potassium hydroxide, 10 g. 
Potassium iodate, 50 g. 

Potassium iodide, 50 g. 

Potassium nitrate, 200 g. 
Potassium nitrite, 10 g. 
Potassium per nate, 50 ¢. 
Potassium thiocyanate, 100 g. 


Rochelle salt (Na-K-tartrate), 30 g. 


Sodium thiosulfate (hypo), 200 g. 

Starch, soluble, 10 g. 

Steel wool, fine, 1/2 kg. package 

Strontium chloride, 10 g. 

Sugar, granular, 2 kg. 

Sugar lump, 5 pieces 

Sulfur, flowers of, 100 g. 

Sulfur roll, 50 g. 

Turmeric paper, 1 sheet 

Yellow ammonium sulfide, 30 ml. 

Zine dust, 10 g. 

Zinc, mossy, 50 g. 

Zine rod, 1 X 10 cms. 

Zinc chloride, 20 g. 

Zine sulfide, 10 g. 

Small cylinders of NHs, Clz, CO2, 
O:, and 


EQUIPMENT REQUIRED FOR 200 BASIC DEMONSTRATIONS 


Number Item Number Item Number Item 
10 Asbestos or asbest gles, 20 X 1 Funnel, glass, 10 cms. 1 Test tube rack 
- 20 cms. si 1 Funnel, separatory, 250 ml. 1 Thermos bottle (Dewar flask), wide- 
2 ags, polyethylene, 10 X 20 cms. 1 Hammer mouth, 1-liter capacity 
5 ea. Beakers, 150-250-400-600-800 ml. 1 Jar, glass, 4-liter 1 Tongs 
1 Burett, 25 ml. 1 Magnet, small 20 Towels 
2 Burners, Bunsen 10 Matches, boxes 1 Tray, about 4 X 15 X 30 cms. 
1 Burner, Fischer 1 Mortar and pestle, 10 cms. dia. 1 Tripod 
1 pkg. Cheesecloth 1 Pail, 10-quart Tubing, glass, assorted 
5 ems. 50 Paper cups, 10 ml. capacity 4 
20 Paper plates, 20 cms. diameter -tubes, 
2 ea. Cylinders, demonstration, 500-1000 3 Pipettes, graduated, 10 ml 1 Washbottle 
1 ea. Cylinders, graduated, 10-100-500 ml. 1 Porcelain plate, 20 cms. diameter 
2ea. Cylinders, glass stoppered, 250 ml. 3 Ring stands and clamps 
2 Evaporating dishes, 10 cms. dia. Rubber stoppers, assorted Additional equipment is required for demon- 
1 pkg. Filter paper, 11 cms. 10 Stirring rods f strations 1-4, 1-7, 2-2, 2-17, 3-11, 4-3, 5-12, 6-1, 
2ea. Flasks, Erlenmeyer, 250-500 ml. 50 Test tubes, 10 ml. capacity 6-2, 7-5, 10-1, 16-15, 18-19, 19-6, 19-13, 20-5, 
2 ea. Flasks, Florence, 500-1000 ml. 20 Test tubes, 25 ml. capacity 20-9, 20-10, 20-13, 21-7, 22-1, 22-3, 22-16, 22- 
1 ea. Flasks, Florence, 3-liter 4 Test tubes, 6 X 50 cms. 20, and 23-3. 


ERRATUM. Change 21-21 to read as follows: 

21-21 Valences. Drop a pinch of MnO, (CARE) into molten 2 g. KCIO; + 2 g. KOH in a clean porcelain crucible; 
heat one minute: green K,MnO, forms. Cool, dissolve in 400 ml. H.O; add dry ice; purple MnO,~ and specks of 
MnO; form. Thanks to T. L. Marple, Brea, California for the correction. 
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A Chemical Christmas Tree 


(See page 626) 
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GLASS-TUBING CUTTER 


Cuts Tubing up to 3 Inches in Diameter 


Produces Clean, Straight Breaks 


Cuts Pyrex-Brand Glass 


or soft glass 


Adjustable 


heating current 


Step by step 
instructions 
on top 


Wire is readily 
replaceable, extra 


wires included 


Place scratched 
line on wire 
Turn on current 


Scratch tube 
with wheel 


Glass a. bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other 
hard-glass tubes can be cut with equal case. 

The article is first encircled with a scratch made 
by a cutter wheel conveniently mounted on the side 
of the transformer, the scratch is heated by contact 
with the hot wire, and then cooled quickly by 
applying water or by blowing on it. No other 
equipment is required. 

The cutting wire is supported on two insulated 


Allow drop of 
water to fall 
on line 


Result: A clean 
break 


posts and is heated by current from a 12-volt 
transformer serving as the base. No. 24 (B&S 
auge) nichrome wire is used and is easily replaced. 
ree extra wires are included. By means of an 
adjustment on the transformer, the current can be 
controlled to give the optimum heat for whatever 
type glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 

are 6 x 414 x 9 inches high. 
No. 5210. Each, $29.50 
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W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH SCIENTIFIC COMPANY 
1880 
1514 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


Manufacturers of Scientific Instruments. and Laboratory Apparatus 
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“ |. BEHOLD, there came wise men from the East, 
saying, ‘Where is he... for... we are come to worship 
him...’ And when they were come into the house, 
they saw the young child and worshiped him. When 
they had opened their treasures, they presented unto 
him gifts: gold, and frankincense and myrrh.” 


These words become more familiar each Christmas 
season as mankind cherishes anew the event they 
describe. It seems quite appropriate that wise men, 
the scholarly intellectuals of the time, were at the 
scene of the first Christmas. No doubt their curiosity, 
that habit of mind which had led them through the 
scholarship of the ages in search of knowledge, started 
them on their way. But we read that their arrogance 
before Herod yielded to humility before the Manger; 
disputations and conjecture gave way to worship. 
This is a circumstance which has been repeated for 
nineteen and a half centuries. Through the ages, 
learned men with true humility have borne gifts and 
stayed to bow in worship. Certainly the early giants 
of our science, those to whom we owe its being a science, 
were deeply religious men. As they began to unlock 
the secrets of Nature, discover her Order, and fathom 
her Design, they thought in terms of initial capital 
letters. It was the handiwork of a profound God 
which they were discovering. The view of Robert 
Boyle, typical of that of the founders of the Royal 
Society was: “...the phenomena of Nature justly 
induce an intelligent and just observer to conclude a 
supremely powerful and just Author.’* 

ls it any more difficult to reach this conclusion in 
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1956? Is not the “intelligent observer’”’ more prone to 
point to man’s achievements as a thinking animal? 
Nature may still be awe-inspiring, but man seems con- 
tinually more successful in figuring out how things 
work. Myrrh and frankincense may be all right for 
the Manger, but hydrogen bombs and Promazine be- 
long under man’s own Christmas tree. The inquiring 
mind is responsible for some wondrous gifts; why 
should it be humble and waste time in worship? 

The presence of the Magi at the Manger seems to 
imply an answer to this. There is a true humility 
which accompanies the reali; ion that man seems to 
be in the Author’s plan. .or man to discover the 
secrets of the world and build a technology upon these 
discoveries is itself the most remarkable handiwork of a 
Creator. The fruits of man’s inquiring mind: the 
laws of his science which simplify his investigation and 
the theories by which he correlates the “known” and 
is spurred on to examine the unknown, come, as the 
astronomer Kepler said, by “thinking God’s thoughts 
after Him.” Such a conviction can never accompany 
propitiatory sacrifices to a mysterious diety; it bespeaks 
a humble reverence for an ever-present Creator. 

Worship is a unique experience; it is both com- 
munal and individual. Anticipated with humility, 
it yields comfort and strength by raising man above 
his normal plane of life. Christmas and the launching 
of the new year are time for renewals. It seems appro- 
priate to read again.the familiar words in which 
Matthew recounts the close of the allegory of the Magi: 
after their brief time at the Manger, “. . . they departed 
into their own country another way.” 
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© THE USE OF COL 


OLUME 


LOIDAL GRAPHITE FOR 


LABORATORY DEMONSTRATIONS lean ve 


Iris apparent that graphite in the colloidal and semi- 
colloidal form is an interesting medium for demonstrat- 
ing some physical, magnetic and electrical properties of 
finely divided material. The uses, by science and in- 
dustry, of such dispersions of graphite and the physical 
and chemical properties of graphite, have been dealt 
with at some length by Szymanowitz'** to whose 
publications the reader is referred for a wider back- 
ground to this subject. 

Graphite, in dispersed form, is used for engine and 
machinery lubrication, electrical purposes, and for 
lubrication during metal working, to mention only three 
major uses. It has a density of 2.25 calculated from 
lattice considerations, while experimentally observed 
values lie around 2.1 to 2.2, solid or massive graphite 
offering an apparent density of around 1.5, due to in- 
ternal porosity. When powdered, the material will 
offer a wide range of densities, depending on fineness. 

It is diamagnetic and electrically and physically 
anisotropic. It is gray black in color and has a softness 
of No. 1 on Mohs’ scale. The concept of the structure 
as originally determined by Debye and Scherrer, Bernal 
and others has been modified in recent years, the struc- 
ture at present favored being shown in Figure 1. 


THE SHAPE OF GRAPHITE PARTICLES 


The structure of graphite leads to a weak fourth 
valency holding the sheets together, and in consequence 
the material slips into plates when rubbed. This peculi- 
arity of make-up is one of the underlying reasons for 
the many properties described below. 

In discussing the shape of graphite particles, which 
has a bearing on some of the experiments described be- 
low, one must be clear about what is meant by 
“particle.” The word in this context is taken to mean 
a discrete, primary particle or platelet. An exact def- 
inition of the expression offers pitfalls inasmuch as 
graphite cleaves with great facility when rubbed. A 
particle which is discrete to begin with can readily be- 
come an aggregate. Some of the component platelets 
of this aggregate retain a measure of orientation with 
respect to one another while others are randomly dis- 
posed. Where, however, we have dispersed the platelets 
or packets of oriented platelets in a liquid carrier and 
have achieved a clean dispersion we can talk about a 
characteristic “particle,” but even then with reserve. 


1 R., J. Coem. Epuc., 3, 909 (1926). 

2 Ibid. 16, 413 (1939). 

3 Szymanow17Tz, R., “Colloidal graphite,’ in ‘Colloid Chemis- 
try, Vol. VI,” by J. Alexander, Reinhold Publishing Corp., 1945, 
pp. 436-56. 
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EDWARD A. SMITH of the pe 
Acheson Colloids Limited, London, England ner, by 
ticles pI 
lesser dit 
Perhaps the best example of a dispersion of discretely jjlun 
graphite particles exhibiting characteristic shape is that also aris 
of Aquadag* colloidal graphite in water. The vigor oifthe wav 
the Brownian motion of the particles and their ability— Conve 
to orientate in a magnetic field, of which more will be particle: 
said later, point to a discreteness of particles or cleanli-f ariatio 
ness of dispersion. There is a ratio of width to thick-§ jemons 
ness in the particles which tends to vary slightly with jecsel o 
size range. Stott® has given the following: the ves: 
low vis 

beaker 

Particle Particle volume 
diameter (em.* X 10-12) to diameter symmet 
1.80 1.00 1/4.6 > 
1.56 0.44 1/6.9 in the « 

1.24 0.25 1/5.9 beaker 
1.04 0.16 1/5.4 which ¢ 
of the | 

If one sets the graphite particles in Aquadag with a pref pulent « 


ferred orientation by means of a magnetic field using 
solidifying gelatine to hold them in position for micro-J ELECT! 
scope observation, it is found that the ratio of thick-§  pjecz; 
ness to diameter is about 1/5. 

If one examines visually a natural graphite powder it 
may be found that the ratio of thickness to diameter is 
greater than this, but in these notes we are concerned 
with dispersions of finely divided graphite as used by 
industry. On size reduction to about one micron it 
would be found that the ratio would be much the same particle 
as for electric furnace graphite. When intensively} come ¢ 
rubbed, it is possible to obtain platelets of graphite] trated | 
which are thin enough to be translucent to an electron the pH 

Brownian Motion. Dispersions of colloidal graphite] jee 
provide a readily available means of demonstrating 
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Brownian motion and scintillation. For this, Aquadag} joneon 
is heavily diluted with distilled water and a specimen is} oo}joid 


mounted in the usual way. Care should be taken tof yo mal 
prevent the drop of solution placed on the microscope particl 
slide from drying out by placing the cover glass on the 
drop without delay. The light field will reveal pro- 
nounced Brownian motion, in which many of the} the em 
graphite particles perform a random movement. "‘he} to faci 
damping effect of viscosity of the carrier liquid can :.!s0 }y,eq 
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‘Trade mark of Acheson Industries, Inc., New York, for ag S*Y, 4 
concentrated dispersion of colloidal graphite in water, obta‘ned 


from Acheson Colloids Company, Port Huron, Michigan, nd Tra 
from Acheson Colloids Limited, London, England. concent 

® Srorr, H. D., Proc. Phys. Soc. (London) B, 62 (Pt. 7), 418 30] Avhesor 
(1949). 
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e shown by diluting the Aquadag with glycerin instead 
f water. Care should be taken in diluting to use 
Jean vessels, glass rods, and other containers, and it 
shou!d be stirred well when diluting to insure thorough 
dispersing throughout the diluent carrier. 

Scintillation and Diffraction. The plate-like shape 
of the particles is revealed, sometimes in a striking man- 
ner, by scintillation in the dark field. When the par- 
tices present an edge to the light beam, which is of 
lesser dimension than the wave length of the light used 
for illumination, diffraction halos are revealed. These 
also arise from particles of lesser effective diameter than 
the wave length. 

Convection Currents. The plate-like shape of graphite 
particles will show up under certain conditions as a 
variation of shade. This effect can be put to use in 
demonstrating the effect of localized heat applied to a 
vessel on convection currents of a liquid contained in 
the vessel. Thus, if Oildag® is put into five parts of a 
low viscosity liquid like kerosene, or gasoline, in a 
beaker and very gently warmed underneath, the con- 
vection currents of the liquid are revealed as a series of 
symmetrical patterns, usually, rounded hexagons, on 
the surface of the liquid. Under suitable conditions 
in the cold the mere act of gripping the sides of the 
beaker will give rise to localized convection currents 
which are revealed clearly by patterns on the surface 
of the liquid adjacent to where the fingers touch the 
beaker. This is a revealing demonstration of the tur- 
bulent currents in a fluid due to temperature variations. 


ELECTRICAL PROPERTIES OF COLLOIDS 


Electrophoresis.- Migration of particles in a field 
gradient can be shown by filling an electrophoretic cell 
with a dilute dispersion of colloidal graphite in water 
or in a light oil It will be found that, in general, the 
graphite particles are negatively charged, and the rate 
of migration falls with increasing age of the dispersion. 
The presence of electrolytes in the carrier liquid for the 
particles may reverse the charge on the latter. Thus, 
some of the salient factors in migration can be illus- 
trated by noting the direction of movement, after which 
the pH of the dispersion is altered to slight alkalinity or 
acidity. 

Electrodeposition. Because of the charge on the par- 
ticles colloidal graphite can be electrodeposited on 
nonconductors and conductors. The dispersion of 
colloidal graphite is used as the electrolyte solution 
normally employed in electroplating. The graphite 
particles will be found to build up on the anode and 
form a soft layer. This is an experiment of little 
practical application, but of significant practical use is 
the employment of a graphite coating on nonconductors 
to facilitate plating. If, for example, Aquadag is di- 
luted with about five parts of water and brushed onto, 
say, a wooden or plastic article, the latter can be 


‘Trade mark of Acheson Industries, Inc., New Yerk, for a 
concentrated dispersion of colloidal graphite in oil, obtained from 
Acheson Colloids Company, Port Huron, Michigan, and from 
Acheson Colloids Limited, London, England. 


* 
a 
a 
Figure 1. Atomic Structure of Graphite Showing Rhombohedral 
Symmetry 


metal-plated in the usual way. The nonconductor, 
after treatment with colloidal graphite, is dried at 
about 80°-100°C. and the dry graphite coating polished 
by buffing with a soft dry cloth. This both improves 
the conductivity of the coating and increases its den- 
sity and adherence. To copperplate a plastic, “one 
makes up a solution of copper sulfate and proceeds as 
if one is electrodepositing on a metal anode. It is 
possible by this means to totally encase wood and 
plastic which have received a prior conducting coating 
of graphite. A suitable plating bath composition is: 
copper sulfate, 24 ounces, sulfuric acid (cone.), 4 
ounces, phenol, .075 ounce, distilled water, 1 gallon. 
Initially the current density should be kept below 
1'/.-2 amp. per square foot, until the article to be 
plated has received a complete coating of copper. The 
practice of rendering a nonconductor suitable for plat- 


.ing is made use of by dental practitioners who electro- 


form onto wax impressions or molds. 
COAGULATION OF COLLOIDS 


When a colloidal dispersion of any kind is brought 
into contact with strong electrolytes the colloidal par- 
ticles may couple and ultimately flocculate. This 
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flocculation is due to the neutralization of the charge on 
the colloid particles and sometimes to the adsorption 
of the latter onto the electrolyte. 
flocculation or coagulation is, in point of fact, compli- 
cated. For example, the valency of the electrolyte is 
a factor, as is the greater effect of a polyvalent compared 
with a monovalent ion. The charge on the colloidal 
particles comes into it, as does temperature. One can 
also flocculate by dialysis, by means of an electric cur- 
rent and by other agencies. 

Colloidal graphite dispersions are no exception to the 
general behavior of colloids with respect to flocculation 
except that the former are usually stabilized, or pro- 
tected, against flocculation by weak and moderately 
strong electrolytes. Nevertheless the mechanism can 
be demonstrated with, for example, Aquadag. If a 
solution of one part of Aquadag in 100 parts of distilled 
water is placed in a stoppered measured cylinder, it will 
be observed that the rate of sedimentation is exceed- 
ingly slow and cannot be observed conveniently with 
the naked eye for some days. Now, if one adds dilute 
sulfuric acid to the dispersion of colloidal graphite, it 
will be found that the rate of settlement is increased, 
while a stronger solution of acid will increase the sedi- 
mentation rate still further. In practice, diluted Aqua- 
dag is used by industry widely because of its high effi- 
ciency of suspension in distilled, demineralized water or 
clean steam condensate. The flocculation of this 
colloid is nonreversible; that is to say, one cannot easily 
peptize the flocs once they have formed. 

Colloidal and stabilized particles should remain sus- 
pended in suitable carrier liquids for indefinitely long 
periods. This can be demonstrated by diluting an oil 
dispersion of colloidal graphite, Oildag, with 100 parts 
of an SAE 30 mineral oil. It will be found that several 
months elapse before any sedimentation is noticeable. 
Brownian motion is active, and this in conjunction with 
the like charges on the particles of graphite, maintains 
a discrete dispersion that resists settling. 

The ability of a properly processed colloid to pass 
through the pores of a chemical filter paper provides an 
illustration of the fineness of the constituent particles. 
Additionally, it is a measure of the resistance of the 
particles to flocculation, for an unstabilized dispersion, 
however fine, may be partly or wholly removed by a 
filter paper that has pores larger than the particles. 
The neutralization of the charge, and in some cases its 
reversal, can occur when the particles move along the 
fibrous pores of a paper, leading to precipitation on the 
paper fiber. A stabilized colloid will resist flocculation 
and should flow through a paper with facility. 

This effect can be shown by diluting Aquadag with 
distilled water and pouring it through a fine grade 
chemical filter paper held in a funnel. It will be found 
that the whole of the graphite comes through, except for 
that which stains the paper due to adsorption of graph- 
ite on the filter fibers, or the retention of a few par- 
ticles which may exceed the size of the smallest pore size 
in the paper. It will be found that the operation can be 
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repeated many times and still the colloidal graphite 
passes through. 

An associated test is to cut strips of filter paper and 
dip them into a solution of Oildag and ten parts of 
kerosene. The dispersion creeps up the filter papers to 
a height depending on the exact experimental condi- 
tions. If one mixes a very fine graphite powder into oil 
and kerosene and repeats the experiments it will be 
found that the apparently fine suspension does not creep 
up the paper strips but is filtered out early in its passage. 
Another variation of this demonstration is to use wicks 
in place of filter paper strips. The effect is shown in 
Figure 2. 

Thixotropy. It is considered that the reversible sol- 
gel state shown in certain colloids when shaken and 
allowed to stand is due to the shape of the particles of 
the colloid. This is exemplified by some concentrated 
dispersions of colloidal graphite where the plate-like 
particles exhibit a mutual attraction and tendency to 
orientate so that the dispersion, on standing, sets to a 
gel. If, for example, Aquadag, which is concentrated, 
is allowed to stand in a beaker, it will be found after 
some minutes to have gelled. On shaking, the gel 
breaks down to a fluid sol which again gels on standing. 
The plate-like particles appear to orientate with respect 
to each other and when allowed to remain undisturbed 
give rise to a structural viscosity. 

A good paint should exhibit thixotropic properties, so 
that when the brush applies it to the surface being 
painted the resulting film will flow readily under the 
brush. When, however, the brush is lifted from the sur- 
face, the paint film should gel rapidly to avoid running. 
This can be demonstrated with Aquadag by brushing 
the concentrated material onto a glass plate and observ- 
ing closely the behavior of the film at the point of 
brushing. A soft clean brush must be used for this 
experiment and the glass should be clean. 


MAGNETIC ORIENTATION 


Graphite is diamagnetic and its anisotropic proper- 
ties are pronounced. Being diamagnetic, there will be 
forces acting on a graphite particle when placed in a 
magnetic field, and, being anisotropic, the particle 
will be acted on by those forces so that it takes up an 
orientation with respect to the field in which the torque 
is ata minimum. For the effect of a magnetic field ‘o 
be apparent optically, the particles of graphite must be 
plate-like and discrete and not made up of smaller pri- 
mary particles to form an aggregate. When primary 
particles are aggregated they tend to be disorientated, 
and the anisotropic properties therefore tend to cancel 
out. Furthermore, the aggregate may tend to be iso- 
metric instead of being characteristically anisotropic or 
plate-like, which means that it will offer little or no 
change of projected area during rotation when viewel 
from a particular direction. This has a bearing on the 
effect described below. 

When a dispersion of discrete graphite particles :s 
suspended in a liquid and orientated by means of a 
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maynetic field, the movement of the particles is revealed 
by x rapid change of density to a light beam which is 
passed through the suspension. In effect the plate-like 
par icles, being randomly disposed in the liquid carrier, 
act as a light shutter to a beam passed into the liquid. 
Thcir orientation in a common direction permits pas- 
sage of the beam, the suspension acting as a Kerr cell. 

As mentioned above, the demonstration, the setup 
of which is shown in Figure 3, provides useful data of a 
basic kind. The random orientation of the particles in 
a suspension is due to Brownian motion and turbulence. 
When one orientates the dispersion of particles magneti- 
cally and then releases the magnetic force, the particles 
will gradually assume a random arrangement. One 
can measure the time of relaxation, using a photoelec- 
tric cell and oscilloscope, and this enables one to calcu- 
late, by Einstein’s method for the treatment of diffu- 
sion from a point, the particle size of the graphite. This 
method has been explored and reported by F. D. Stott*® 
working at the Clarendon Laboratory, Oxford, de- 
veloped from an original technique proposed by A. H. 
Stuart.’ For particle size determination using more 
accurate apparatus, the reader is referred to Dr. Stott’s 
description of his setup. 


ELECTRICAL CONDUCTIVITY 


The electrical conductivity of graphite can be deter- 
mined in many ways. However, it is important to real- 
ize that the resistivity of massive graphite varies ac- 
cording to its porosity or density. Similarly, coatings 
formed with colloidal dispersions of graphite will vary 
according to the type of dispersion, thickness of coat- 
ing, particle size of the graphite, the substrate on which 
the coating rests, and the density of packing of the par- 
ticles which will be determined to a certain extent by 
the method of forming the coating. 

On the demonstration bench the effect of coating 
thickness on conductivity can be shown simply by coat- 
ing a glass plate by brushing on a diluted solution of 
Aquadag and drying the coating. The resistance is 
measured, and a second coating is put on top of the 
first and similarly dried. A relation will be found be- 
tween number of coatings and resistance. When the 
coating is burnished the resistance will drop further, 
illustrating the effect of coating density and of improved 
orientation of the graphite particles. 

The screening effect of graphite coatings is exempli- 
fied in the treatment of the walls of Geiger counters with 
Aquadag colloidal graphite in water. The smooth 
coating produced on the glass walls of the counter 
keeps out unwanted fields, and this affect can be dem- 
onstrated in various simple ways in the laboratory, as, 


7 Sruart, A. H., Engineering, Jan. 7, 1938. 


Figure 2. The Influence of Particle Fineness and Stability in a Col- 
loidal Dispersion of Graphite Is Shown in the Way It Has Climbed a 
Wick (Left). N lloidal Dispersi Are Filtered Out by the Wick 
(Middle and Right) 


for example, the elimination of interference noises in 
audio frequency circuits when the tubes are without 
coating and then provided with a graphite coating. 

It will be realized from the above necessarily abridged 
remarks that colloidal graphite is a fascinating tool for 
demonstration purposes. One can add to the illus- 
trations given, as for example, the effect of a graphite 
coating on a thermopile on the black-body factor of the 
latter. But when one knows some of the existing uses 
and properties of colloidal graphite, it is not difficult to 
think up other demonstrations in the laboratory and 
lecture room. 
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Figure 3. Principle of Setup for Magnetic Orientation of Graphite 
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THE SIMPLE RELATION BETWEEN CRITICAL 


TEMPERATURE AND BOILING POINT’ 


Because the critical temperature is an invariant point 
for each substance, it is often used in practical and 
theoretical ways: correlating vapor pressures and latent 
heats of liquids, estimating viscosities of gases, and 
calculating thermodynamic constants. But critical 
temperatures are not easy to measure and something 
less than 300 are known. Usually they cannot be 
measured at all; they may be too high to reach in the 
laboratory and the substances under study may de- 
compose at temperatures far lower. Empirical methods 
of obtaining critical temperatures are therefore both 
convenient and essential. 

Guldberg observed 65 years ago that the ratio of 
critical temperature (7',) to boiling point (7), both ex- 
pressed in absolute temperature, was about 1.5 (J), 
but few substances agree with this simple ratio. Better 
relations have been devised, but none of these is en- 
tirely satisfactory: many are complex; some apply to 
only a few compounds, and others simply do not fit 
observed data (2, 3). Accurate general relations 
would be more useful, especially simple ones that can 
be easily understood. 

Any general relations between 7, and 7’, ought to 
apply to boiling point at any pressure, not only to 
that at 1 atmosphere. The Clausius-Clapeyron and 
related equations that express the effect of pressure 
upon 7’, involve temperature as the reciprocal. So 


1 Presented before the Division of Physical and Inorganic 
Chemistry at the 127th Meeting of the American Chemical So- 
ciety, Cincinnati, Ohio, March, 1955. 


ROBERT F. MARSCHNER and 
J. B. BEVERLY 
Standard Oil Company (Indiana), Whiting, Indiana 


do other measures of the entropy of vaporization, like 
the Trouton constant relating heat of vaporization to 
T,. A consistent approach would then treat both 
T,. and T, as reciprocals. Doing so simplifies the re- 
lation between them, more for organic molecules than 
for smaller compounds and elements. 


ELEMENTS 


Critical temperatures have been reported for 20 
elements (2, 4), most of them small in atomic number. 
The reciprocals of these (1000/7’.) are plotted in Figure 
1 against 1000/7, for pressures of 1 mm. Hg., 1 atmos- 
phere, and 10 atmospheres (5); the heavier elements 
are at the left and the lighter ones at the right. The 
same three isobar lines appear on all four sections of 
the plot. At each pressure, the two reciprocals of 
T,. and 7, are almost linearly related, and the lines 
converge upon the origin. 

Four elements deviate markedly from the general 
pattern in Figure 1. The value of 7, for mercury in 
the first section may be in error. Hydrogen at 10 
atmospheres in the third section seems to behave 
abnormally. Helium 4 and particularly helium 3 in the 
fourth section show unusual relations here, as might be 
expected of substances that show unusual properties 
elsewhere. Except for these deviations, 7/7, for 
elements is nearly constant: 2.77 at 1 mm., 1.72 at 
1 atmosphere, and 1.30 at 10 atmospheres. Presumably 


elements for which 7, has not yet been determined 
follow the same pattern. 
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Compounds, unless they all behave like elements, 
would be expected to differ among themselves in devi- 
ating from the T/T, relation characteristic of elements. 
Simple compounds like hydrides should more nearly 
resemble the elements than complicated compounds 
like organic substances. 


ANALOGOUS FAMILIES 


Critical temperatures have been reported for 11 
hydrides and 12 halides (2), most of them polyhydrides 
and polyhalides. The reciprocals are plotted against 
1000/7, at 1 atmosphere (4) in the first two sections 
of Figure 2. For both families, the reciprocals are 
linearly related and the lines, like those for the elements, 
pass through the origin. But the ratios T./T, differ: 
for the hydrides it is 1.72, the same as for the elements, 
whereas for the halides it is 1.53. The hydrogen 
halides, a mixed family, fall among the polyhydrides 


- 


1000/ Tc 


Figure 2. Relation Between T; and T; Among Analogs 


rather than the polyhalides. Water and ammonia, 
bad actors in many correlations, fit this one well. 

Analogs that are more complex show a similar 
relation. The methyl, ethyl, and phenyl halides, 12 
compounds in all, are plotted in the third section of 
Figure 2. As before, the lines converge upon the 
origin but represent different ratios: 1.66 for methyl, 
1.58 for ethyl, and 1.56 for phenyl analogs, if 7, is 
that for a pressure of 1 atmosphere. Thus 7/7, 
shifts for different families of substances. The pro- 
gression away from the ratio characteristic of the ele- 
ments is roughly in order of the increasing complexity 
of the analogs considered. 

If T. and 7, for the elements and analogous families 
are plotted directly, instead of as reciprocals, the lines 
for each pressure remain straight. However, depar- 
tures from the general relation, such as arise with he- 
lium-3 and helium-4, are less readily seen. But in 
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Figure 4. Relation Between T, and 
T, Among Isomers 


homologous series of compounds, only the reciprocals 
of T, and 7, are linearly related. 


HOMOLOGOUS SERIES 


Critical temperatures have been reported for at least 
four members of ten homologous series (2). Figure 3 
includes six series in which CH, is the repetitive unit 
and 7’, is at a pressure of 1 atmosphere (6): n-alkanes 
and 1-alkanoic acids, n-alky] nitriles and 1-alkenes, and 
n-alkylbenzenes and n-alkyl formates. Each series de- 
termines a line of different slope; all six lines converge 
toward a point at about 1000° K. on both axes instead 
of the origin. 

Consequently, the relation between 7, and 7) in a 
homologous series cannot be expressed as a simple 


ratio. It can, however, be expressed as: 
1000/7; — 1 
1000/T. — 1 


The constant K,,,,, or slope of the line, shifts from 
one series to another, as might be expected from the 
differences in analog families. It can be calculated 
from 7, and 7, of any member, although the first 
member often gives poorer agreement than those 
with two or more CH, groups. Given in the table 
are values of K,,,, that enable 7, for any homolog 
in ten series to be calculated from 7, at atmospheric 
pressure. Like the ratios for the elements and analogous 
families, K,.,, varies inversely with pressure. 


K7.7, for Ten Homologous Series 


Figure5. Relation Between T, and 
T;, for Miscellaneous Compounds 


Alkanes 1.980 Alky] ethers 2.160 
Alkenes 2.009 Alkanoic acids 2.189 
Alkynes 2.097 Alkyl] esters 2.074 
Alkylbenzenes 2.343 Alkyl amines 2.033 
Alkanols 1.924 Alkyl nitriles 2.220 


Branched isomers follow the same reciprocal relations 
as the unbranched isomers. In Figure 4 are plotted all 
alkanes and alkylbenzenes for which 7’, is known (2). 


Figure 6. Infl of Molecul 


Shape on Relation 


Branched isomers (open triangles) of either class fall 
almost on the lines for the normal isomers (solid tri- 
angles). The fewer data for branched alkanols, 
alkanoic acids, and alkyl] nitriles show the same relation 
to their unbranched isomers. 


OTHER SUBSTANCES 


About 50 of the 250 known critical temperatures re- 
main to be accounted for. Of these, 12 inorganic com- 
pounds, most of them oxides, 31 miscellaneous organic 
compounds, and 3 fluoroalkanes are shown in Figure 5. 
The inorganic compounds fall to the right of the line 
for the elements, and the organic compounds fall to the 
left of the line for the alkanes. Fluorocarbons fall well 
to the right of both lines. 

Thus, the critical temperature of almost any sub- 
stance can be determined from its boiling point. Tor 
elements and analogous families, 7’, calculated from 
T, agrees within 3% of the experimental values, except 
for mercury and heliums. For homologous series, 7, 
calculated from 7, agrees within 1% of experimental 
values, except for a few first members. Analogs and 
homologs of the substances of Figure 5 can probably 
be calculated from the same equations about as ac- 
curately. Most substances are going to fall between 
the elements and the alkanes. Few other equations, 
even complicated ones of limited applications, do as well. 


SIGNIFICANCE 


At the boiling point, molecular motion partially 
overcomes, and at the critical temperature, completely 
overcomes, liquefying forces. 
complicated because both motion and forces depend 
upon temperature. Thus Hildebrand constants, c:l- 
culated at whatever temperatures give equal conce)- 
trations of vapor, are more alike than Trouton con- 
stants, calculated from 7’, at atmospheric pressure. 
Expressing 7’, and 7’, as ratios, whether linear or re- 
ciprocal, cancels the larger temperature effects that 
are alike among substances, and reveals the smaller 
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ones that differ. Other effects, such as those of mass, 
can then be seen more clearly. 

A possible clue to the significance of the differing re- 
lations between 7’, and 7’, can be seen in the positions 
of cyelic compounds. Six are shown in Figure 6, an 
enlargement of Figure 5. These cyclic molecules, which 
are flattened, fall about halfway between the elements, 
which are spheroids, and the alkanes, most of which 
are ovoids. They might be thought of as squashed 
spheres, whereas the alkanes might be regarded as 
rolied-out spheres. Similar shape factors affect the 
dependence of vapor pressure on temperature (7). 

The general relation between 7’, and 7, seems to be 
defined by two parameters: an effect of shape, which 
determines the position of the lines, and an effect of 
mass, which determines the positions of points upon 
the lines. Intensive study should be given to these 
fundamental relations. They raise questions as to 
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how much we really know about the nature and effects 
of mass and shape—and even temperature. Answers 
might teach us a great deal more about critical tem- 
perature and boiling point, and other physical proper- 
ties, too. 
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* APPARATUS FOR THE TRIPLE DISTILLATION 


OF MERCURY 


INTRODUCTION 


In most laboratories there is a gradual accumulation 
of dirty mercury. The rising cost of mercury coupled 
with the extensive use of this element in vacuum work, 
polarography, etc., emphasizes the need for an efficient 
apparatus for purifying mercury. Since even minute 
amounts of impurities cause considerable changes in the 
physical properties of this element, it has been deter- 
mined! that three distillations are required to purify 
this metal sufficiently for most purposes; hence, the 
commercial availability and extensive use of triple- 
distilled mercury. It is desirable to have in the labora- 
tory an apparatus to bring about this triple distillation. 
This apparatus should be easily constructed and in- 
expensive, and require a minimum of attention. A 
satisfactory still for single distillation has been de- 
scribed? as well as an automatic, single-distillation 
mercury still.* Distilling mercury three times through 
the same still is time-consuming and can be effected 
more efficiently by carrying out the triple distillations 
simultaneously in the same apparatus. Such a still 


' Huuert, G. A., Phys. Rev., 33, 310 (1911). 

2 JeLIneK, H. N., C. F. Huser, M. J. Astive, J. CHEM. 
Epuc., 26, 597 (1949). 

3 Cannon, W. A.. J. Cem. Epuc., 28, 272 (1951). 
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has been described by Wheeler. Unfortunately, it is 
difficult to construct, except by a professional glass 
blower. This article describes a_ triple-distillation 
apparatus which requires a very small amount of 
attention and which can be constructed from materials 
readily available in the laboratory. 


CONSTRUCTION 


The apparatus shown in the figure consists of a 
leveling bulb (L) connected by means of tygon tubing 
(serving as a manometer) to a three-necked flask (F;), 
which is in turn joined in series to two other three- 
necked flasks (F2 and F;). In addition to these three 
flasks, there are four stopcocks (S;—S,), and six con- 
densers (Ci-Cs). The three-necked flasks are com- 
mercially available, 500-ml. round-bottomed flasks, 
while the condensers were eight-inch, student-made 
condensers. The size of the glass tubing or stopcocks 
used is not critical. In this case, tubing of 8-10 mm. 


‘was used throughout, except for the manifold which was 


of larger size (20 mm.). -Stopcocks S2, S;, and S, exit 
to the atmosphere at one end, and lead to the bottom of 
each flask at the other end. They are connected to a 
19/38 standard-taper, ground-glass joint by means of a 


4 WHEELER, E. L., Anal. Chem., 24, 751 (1952). 
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ring seal. Stopcock grease was not used to lubricate 
these joints because this would contaminate the 
mercury; rather, the joint was made vacuum tight by 
the application of sealing wax (Cenco Plicene Cement) 
to the outside of the joint. By gentle heating, it is 
possible to dismantle this joint when desired. The 
purpose of these entrances to the atmosphere in each 
flask was to allow the entrance of air bubbles into each 
flask. To keep these bubbles small, the opening in the 
bottom of the flask was constricted. The opening to 
the atmosphere was made optional by the opening or 
closing of the stopcocks. 

A heating mantle was placed around each flask. It 
was found that a separate Variac controlling each 
heating mantle was a more satisfactory arrangement 
than attempting to have all three heating mantles 
controlled by the same Variac. 

The left end of the manifold was connected to a trap 
maintained at dry-ice temperature, which was, in turn, 
connected to the vacuum pump. 


OPERATION 


It is necessary initially to fill each of the three-necked 
flasks to approximately one-quarter of their volume 
capacity. This was done by introducing the mercury 
to be distilled in the leveling bulb (ZL) and raising the 
leveling bulb, after the application of vacuum to the 
system, to a height sufficient to cause the mercury to go 
through stopcock S,;. This stopcock was adjusted so 
the introduction of the mercury was a dropwise process 
(approximately one drop per second under operating 
conditions). Initially, however, mercury was intro- 
duced until flask F; was one-fourth full. A Variac 
controlled heating mantle was introduced around flask 
F, and the temperature of the flask adjusted until 
distillation of the mercury took place. Mercury was 


distilled from flask F; and 
simultaneously introduced 
through stopcock S,; at the 
same rate it was leaving F,. 
This was continued until 
flask F, was approximately 
one-fourth full at which 
time a Variac-controlled 
heating mantle under this 
flask was turned on. Mer- 
cury was then distilled from 
F, to Fz; and from to F, 
until F; was one-fourth filled 
at which point a Variac- 
controlled heating mantle 
was introduced under this 
flask. The system was then 
ready for operation. The 
mercury was introduced in- 
to the system through 8; at 
the same rate at which it was being removed from 
the system at the outlet shown in the diagram. After 
some initial experimentation this rate could be quite 
easily controlled as well as the heating rate of the 
three flasks, Fi, F2, and F;. The purpose of the con- 
densers is to restrict the mercury vapor to the system 
and to keep it out of the manifold. The object of 
the three stop-cocks, S2, S83, and S,, is to allow the in- 
troduction of air into the three flasks. The air can be 
bubbled through one, two, or three of the flasks or can 
be restricted from any or all of them. For most of the 
mercury purified, this air-oxidation treatment at the 
distillation temperature was sufficient to oxidize the 
base metal impurities. The introduction of air also 
eliminated any tendency for ‘“‘bumping.”’ 

The still was operated at a pressure of approximately 
20 mm. of mercury. Under normal conditions the 
mercury was triple distilled at the rate of approxi- 
mately four pounds per hour. 

The mercury still can be cleaned by carrying out a 
distillation of nitric acid through the system after the 
removal of the mercury from the system. This 
mercury can easily be removed by closing stopcock ‘; 
and distilling the mercury from F, to F2 to F; and finally 
out of the system. The removal of nitric acid after 
the cleaning process was carried out the same way. 

The system is essentially independent of changes in 
atmospheric pressure since the controlling factor for 
the introduction of mercury into the system is stopcock 
S, which can be adjusted to the proper size opening. 
When in operation and after suitable adjustment of 
stopcock S, and the Variacs controlling Ff, F2, and F;, 
it was found that a check of the system and addition of 
dirty mercury to the leveling bulb (L) every two hous 
was sufficient to keep the system operating satis- 
factorily. 
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* DRYING VOLUMETRIC GLASSWARE 


Tuere is a great deal of diversified opinion about 
possibly the most overlooked subject in quantitative 
analysis, drying volumetric glassware. The analyst 
usually employs the techniques that have been learned 
in elementary quantitative analysis courses without 
realizing the controversial nature of this subject, 
especially in regard to the application of heat as a 
drying measure. 

Fahles and Kenny! are quite opposed to the applica- 
tion of heat for drying purposes for they say in their 
textbook, “In no case should the use of hot water or 
the application of heat to volumetric apparatus be 
resorted to, because it may bring about a permanent 
enlargement in the vessel, due to thermal ‘after 
effects.’”’ Théy suggest rinsing the flask with alcohol 
in order to facilitate drying. On the other hand, 
Willard and Furman? suggest employing acetone to 
facilitate drying and advise against using alcohol or 
ether. They make no mention regarding the avoidance 
of heat; however, they do suggest employing cleaning 
solution heated to 100°C. (which is a temperature that 
would tend to dry laboratory glassware quite well), 
although many other authors advocate the use of cold 
cleaning solution. 

Kolthoff and Sandell* advocate both alcohol and 
acetone for drying purposes and suggest that it is not 
permissible to hasten the drying procedure by heating 
because slow changes in volume may occur after 
cooling. 

A fairly simple but somewhat time-consuming ex- 
periment has been carried out with 50-ml. Pyrex 
volumetric flasks. Eight were chosen at random and 
were carefully cleaned by washing with cleaning solu- 
tion at room temperature and rinsed with distilled 
water. They were allowed to dry without the aid of 
either heat or solvents and their volumes were care- 
fully calibrated. The flasks were then placed in a 
laboratory oven at a temperature of 100°C. for 24 
hours, removed and allowed to come to room tempera- 
ture over a period of six hours, and then recalibrated. 
The same procedure was followed for temperatures of 


1 H. A., F. Kenny, “Inorganic Quantitative 
Analysis,’ D. Appleton Century Co., Inc., New York, 1939, p. 
134. 


tive Analysis (Theory and Practice),’’? D. Van Nostrand Co., Inc., 
New York, 1940, p. 106. 

3 Ko.tuorr, I. M., anp E. B. SANDELL, ‘Textbook of Quantita- 
tive Inorganic Analysis,’’? The MacMillan Co., New York, 1943, 
p. 531. 


2 H. H., N. H. Furman, “Elementary Quantita- 
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150°C. and 200°C. The results of the recalibration 
were all identical with the original measurements. 
There was no apparant change (+0.01 ml.) in the 
volumes of the flasks as a result of heating, although 
the 200°C. temperature was far in excess of the tem- 
perature maintained by the average laboratory oven. 
The author originally intended to prepare curves to 
demonstrate graphically the results of the experiment. 
However, due to the highly reproducible negative re- 
sults that were obtained, it would be a waste of precious 
space. 

Another experiment was performed employing the 
three solvents discussed previously (acetone, ether, 
and alcohol) in order to determine their value as a 
drying aid. The volumetric flasks were rinsed with 
distilled water, and, while still wet, 5-ml. portions of 
acetone were added, swirled about, and emptied. The 
flasks were allowed to dry in a partially inverted posi- 
tion without the application of heat for a period of 
24 hours. In order to determine the relative speed of 
drying, 1-gm. portions of taleum were added to one of 
the flasks at a definite time interval and the vessel was 
shaken. The talcum was emptied by turning the 
flask upside down and gently tapping. The amount of 
taleum adhering to the walls of the vessel was an in- 
dication of its relative dryness. The same procedure 
was carried out with alcohol and ether. Acetone was 
found to facilitate drying in the shortest period of 
time. Alcohol was somewhat less effective and ether 
was found to be the poorest drying aid. 


CONCLUSIONS 


(1) The application of heat (150°C., employed in 
most laboratory ovens) to volumetric glassware has 
in no way been found to be detrimental. 

(2) The application of heat appears to be a highly 
effective method and is neither costly nor time con- 
suming, i.e., makes glassware available for repeated use 
in the minimum amount of time. 

(3) No adverse effects were obtained when solvents 
were employed. 

(4) One has to agree with most authors that in a 
majority of applications volumetric glassware need 
not be dried before use (except when certain organic 
liquids are employed and for calibration purposes). 
When the volumetric flask is rinsed several times with 
the liquid to be employed, one will invariably obtain 
results equal to those obtainable with a perfectly dry 
flask. 
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Aurnoven most chemists will admit that elementary 
quantitative analysis is at least an important course, 
they are not so likely to agree that it is also a very stim- 
ulating and interesting course, especially in its labora- 
tory work. Yet, why should this be? After all, 
“quant” marks the transition from the impractical, 
poorly performed experiments with unrealistic appara- 
tus in the unscientific atmosphere of the crowded 
freshman lab, to the relatively peaceful conditions under 
which the student learns to do work of a quality high 
enough to satisfy most research chemists. Further, 
with the background gained in the general and quali- 
tative analysis courses he is in position to understand 
the fundamentals of his work. Quantitative analysis 
lends itself perfectly to a treatment showing the close 
correlation between theory and practice. 

The answer to the question posed above may be given 
in two parts. First, many typical analytical experi- 
ments involve long periods of boredom and tedium, 
such as slow evaporations, long ignitions with subse- 
quent cooling, and double precipitations. These op- 
erations consume a great deal of laboratory time, but 
it is doubtful whether the student learns any new fun- 
damentals during such work. The proposal that he 
use the waiting times for the preparation of more work 
is seldom practical and is irrelevant anyway, for it adds 
no interest. 

The second part of the answer is the more important 
one. The typical quantitative experiment offers no 
scientific incentive to the student. He has been handed 
a small sample by the instructor and told to “do 
copper.”’ He knows that this is just another examina- 
tion, that the exact composition of the sample is neatly 
filed away. There is to be no probing into the new or 
unknown. The only practical application of the ana- 
lytical result is to help the instructor assign a grade, the 
one thing which counts least in the long run. The 
chemistry involved in the experiment, the skill gained 
in doing the work, the intrinsic value of precise work— 
all these become of secondary importance because the 
experiment has no purpose. Kolthoff? expressed this 
problem when he wrote: 


The aims and objectives of analytical chemistry are to deter- 
mine the composition of any simple or complex compound or 
mixture of compounds. Academically, the question arises im- 


1 Presented before the Division of Chemical Education at the 
129th Meeting of the American Chemical Society, Dallas, April, 
1956. 

2 Kotruorr, I. M., Chem. Eng. News, 28, 2882 (1950). 
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ELEMENTARY QUANTITATIVE ANALYSIS’ 


R. W. RAMETTE 
Carleton College, Northfield, Minnesota 


mediately, why should anyone have a desire to know such con- 
position? What satisfaction does one derive from the determina- 
tion of such composition? Frankly speaking, I believe none. 


Later in the same paper he wrote: 


My thesis is that the progress and advance of analytical chem- 
istry depend to a great extent upon an intelligent application of 
the fundamentals of physical chemistry and the close relation 
between physical and analytical chemistry. 


It is the purpose of this paper to describe three ex- 
periments, designed for the elementary course in quan- 
titative analysis at Carleton College. These use the 
corollary of Kolthoff’s thesis as a guide, allowing the 
intelligent application of analytical methods to fun- 
damental problems of physical chemistry. There is 
ample opportunity for teachers to design more experi- 
ments with the same goal: placing the established 
techniques of analytical chemistry in the proper 
perspective by using them as tools rather than as ends 
in themselves. This does not imply that the science of 
analytical chemistry is merely a handmaiden, for indeed 
it is often impossible to distinguish the type of work 
done by research analytical chemists from that. per- 
formed by the physical, organic and inorganic chemists. 

Solubility of Silver Bromate in Potassium Bromate 
Solutions. This experiment is designed to acquaint 
the student with the Volhard titration, to give reality 
to the law of chemical equilibrium, to allow the de- 
termination of a quite reliable value for the solubility 
product, and to give training in scientific writing. The 
procedure is as follows: The instructor prepares a 
series of solutions of potassium bromate and potassium 
nitrate in varying proportions but with constant ionic 
strength. Solid silver bromate is added in excess and 
the solutions are stirred mechanically for several days 
in the view of the students. A lecture is devoted to the 
principles of the experiment. When the day for the 
laboratory work arrives the solutions are filtered and 
the temperature is noted. The student determines the 
concentration of silver in each solution by titrating an 
aliquot with standard potassium thiocyanate, using 
ferric alum as indicator. Knowing the amount of po- 
tassium bromate originally present and the amount 
of silver bromate due to solubility, he can calculate 
the solubility product for each solution. He also pie- 


pares a plot of the silver ion concentration, versus t'1e 
the reciprocal of the total bromate concentration. 
This straight line has a slope equal to the solubili‘y 
An example of student results is shown 
The stude:t is asked to try for concise 


product. 
in Figure 1. 
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and clear expression in writing his report, so that a 
chemist who is not familiar with the particular experi- 
ment will understand what was done. The report 
covers the purpose of the experiment, the underlying 
theory and principles, procedure, observed data, cal- 
culated results, comparison with literature values, 
conclusions and suggestions for improvements and 
variations. 

Solubility of Calcium Sulfate in Potassium Nitrate 
Solutions.* Here the concept of activity and activity 
coefficient and the Debye-Hiickel theory are brought 
to reality in the laboratory. The instructor prepares a 
series of solutions of potassium nitrate of varying con- 
centration, and solid calcium sulfate dihydrate is 
equilibrated with each by mechanical stirring. The 
students determine the concentration of dissolved cal- 
cium by titration with versene (ethylenediaminetetra- 
acetic acid, disodium salt) using murexide as indicator. 
The classical solubility product is simply the square of 
the calcium ion concentration, since no common ion 
was originally present. In lecture, the concept of 
activity is reviewed and the principles of the experiment 
are discussed as follows: 

The ‘true’ or thermodynamic solubility product is 
defined by the equation 


Ki = dca*+ = true constant 


(1) 


where the a’s represent the activities of the ions. How- 
ever, each activity can be considered as the product of 
molarity and an activity coefficient so that: 


= (Ca +) (SO, (2) 


The product of the concentrations of the ions is the 
familiar classical solubility product, K,.. The mean ac- 
tivity coefficient is defined as: 


f = (foar+ 3) 
to give the relationship 
K; = K-f? (4) 


K. can be determined for a particular ionic strength 
simply by calculation from titration results. What is 
desired is a method for determining K, so that the mean 
activity coefficient may be calculated in turn. The 
principle involved in extrapolation of the values of 
K. obtained in the experiment to zero ionic strength is 
discussed. It is pointed out that plots of K,. or pK, 
versus ionic strength are not satisfactory for the extra- 
polation because they are curved, and a large error in 
the intercept can be easily made. The Debye-Hiickel 


equation, its form and history, is introduced. It is 
presented first as 
Az, p)/? 
log f = 1+ (5) . 


It is shown that for calcium sulfate at 25° C. this be- 
comes: 


2.04 1/2 


T+ 1.25 (6) 


logf = — 


3 See also: Noyss, A. A., J. Am. Chem. Soc. 46, 1098 (1924). 
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1/(BrO;~) 


Graphical Interpretation of Data from Silver Bromate 
Experiment 


Slope = K = 6.5 X 10. Temperature = 23°C. 
0.050. Data of William P. Brown. 


Figure 1. 


Ionic strength = 


Taking logarithms of equation (4) and inserting equa- 
tion (6): 

+ 1.25 
This predicts a straight line with a slope of —4.08 and 
an intercept of pK, if the experimental values of 
pK, are plotted versus the complex ionic strength 
function taken as a simple variable. One valuable 
aspect of this plot is the wedding of the purely theo- 
retical with the experimental results. That this works 
well in practice is shown by Figure 2, which is taken from 
the reports of students. The value thus obtained for 


pK. = pK: — 4.08 (7) 


4.0 | 


\ 
3.8 \ 


0.1 0.2 0.3 0.4 0.5 
+ 1.25p'/2) 


Solubility Product of 


of Th dy 
Calcium Sulfate 


Figure 2. Det inati 


Temperature = 25°C. Open circles, data of Robert Stewart, using po- 
tassium chloride as inert salt. Solid circles, data of Thomas Blackburn 
using potassium nitrate as inert salt. 
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pK, is used with values of pK, taken from the graph to 
calculate the experimental values of the mean activity 
coefficient as a function of ionic strength. These aré 
compared with the theoretical values obtained by using 
the Debye-Hiickel equation, a procedure which gives 
somewhat different results because the slope of the plot 
does not check with the theoretical slope, even though 
linearity is apparent. 

The student report is written in the same general 
pattern as described for the silver bromate experiment. 
The reader can sum up the numerous important fun- 
damentals which the student can learn from this ex- 
periment in comparison with those from the mere 
use of versene for determining the hardness of a syn- 
thetically prepared sample of water. 

Objection may be made to the philosophy of teaching 
activities, ionic strength, etc., in the analytical course 
because the material ‘properly’ belongs in the physical 
chemistry course. Sometimes the erroneous notion 
is held that sharp boundaries exist between fields and 
especially between courses. The view is untenable 
when one considers the virtues and advantages of 
teaching reality as early as possible. The great body 
of evidence, including this calcium sulfate experiment, 
which shows how greatly ‘the classical constants vary 
with ‘inert’ salt concentration, makes it impossible 
for one to teach with intellectual integrity the thor- 
oughly disproven notion that “for our purposes we are 
justified in using the simplified treatment, leaving 
out activity coefficients.”” One problem which must 
be recognized is that most textbooks for quantitative 
analysis do not contain a treatment of activities which 
is truly instructive. Those who are interested in seeing 
how the subject can be introduced to the sophomore 
in a thorough, realistic and completely understandable 
manner may examine the book by Rieman, Neuss, 
and Naiman.‘ These authors have made a splendid 
contribution by showing how the sophomore can learn 
not only about activities, but also how to use the concept 
consistently in regular practical work. Of particular 
value are the charts in the appendix showing the varia- 
tion of most of the common equilibrium constants 
with ionic strength. The student not only under- 
stands this treatment, he appreciates it. Finally, the 
addition of a laboratory experiment similar to the above 
will clinch his acceptance, understanding and apprecia- 
tion of activities quite thoroughly. 

Solubility of Lead Sulfate as a Function of Acidity. 
For this third experiment the instructor prepares a 
series of solutions of perchloric acid and sodium per- 
chlorate, in varying proportions but with constant 
ionic strength. Solid lead sulfate is equilibrated with 
each. The student takes a portion of each of the 
saturated solutions, adjusts the pH to about 5 by 
the addition of a quantity (calculated by the student) 
of sodium acetate, and precipitates the lead quantita- 
tively by the addition of potassium chromate. After 
a brief aging period, the precipitate is filtered and 


4 Rreman, III, W., J. D. Neuss, and B. Naman, “Quantitative 
Analysis,”’ 3rd ed., McGraw-Hill Book Co., Inc., 1951. 
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washed. A portion of 1 M hydrochloric acid saturate; 
with sodium chloride is used to dissolve the lead chro 
mate and transfer it to a titration flask. Potassiv 

iodide is added in excess, and the lead is determine 
volumetrically by titration of the liberated iodine with 
standard thiosulfate solution. The following principle 
are set forth in lecture: The solubility of lead sulfate 
increases with acidity due to the formation of the hydro 
gen sulfate ion. The total solubility in a given cas 
may be expressed as: 


S = (Pb++) = (SO,--) + (HSO,~) (8) 


By rearranging the expression for Ke, the second ioni 
zation of sulfuric acid, we obtain 


(HSO,~) = (H*)(SO.-~)/K2 (9) 
and from the solubility product expression we have: 
(SO,--) = K./(Pb**) (10) 
Upon substitution and rearrangement the result is: 
(Pb*+*)? = S* = + K.(H*)/Ke 


By this time the student is willing to concede that 
almost any equation can be plotted as a straight line, 
and he can see that a plot of his experimental values of 
S? versus the known acidity should be linear with a 
slope of K./Ke and an intercept of K,. Thus, both con- 
stants may be determined from the same graph. The 
results of one student are shown in Figure 3.5 The 
fact that an occasional point does not fall on the ex- 
pected line does not detract from the experiment, for any 
research worker knows how realistic such a discrepancy 
is in practice. The usual written report is prepared, 
and by this time there is at least a small improvement 
in the student’s ability to state with clearness and con- 
ciseness what he has accomplished. 

As outlined here, these experiments certainly are not 
without some difficulties. In the silver bromate and 
calcium sulfate experiments it is necessary to use only 
0.01 M solutions of titrants in order to use appreciable 
volumes. This means that the end points are not as 
sharp as might be desired. Also, in the Volhard titra- 
tion of silver, the presence of bromate is troublesome 
because it will oxidize thiocyanate in acid solution, 
and the acidity must be kept at the minimum value 
required to eliminate the color of the hydroxyiron(III) 
ions. In the lead sulfate experiment, such a small 
amount of lead sulfate dissolves that great care must 


(11) 


5 The experiment was carried out using potassium nitrate-nitric 
acid mixtures, before the existence of the ion PbNO;* was appre 
ciated. (See, for example, HersHEenson, H. M., M. E. Smits, 
anpD D. N. Hume, J. Am. Chem. Soc., 75, 507 (1953)). Therefore 
the data do not obey the relationship derived above. It can be 
shown that the values obtained for S? are higher than they ‘should’ 
be by the constant factor (1 + K(NO;~)) where Kz is the forma- 
tion constant for the PbNQ;* ion, and (NO;7~) is constant at 1 M. 
Thus, even though Ky is unknown for our particular conditions, 
the ratio of the intercept to the slope still yields the value of K:. 
In the example presented, K is found to be 0.093 which is in 
agreement with Eicuuer, E., anv S. Rasipgau, J. Am. Chem. 
Soc., 77, 5501 (1955) who found Kz = 0.084 + 0.012 at an ionic 
strength of one by means of potentiometric studies in this acidity 
range. 
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be taken in transferring and washing to avoid relatively 
large errors. With a small class it would be preferable 
to dissolve the lead chromate and determine it spectro- 
photometrically at 370 my in alkaline solution, thus 
avoiding the errors in the titration of small amounts. 
The important point of this paper is that such experi- 
ments are possible and desirable in the elementary 
quantitative course. Professors can modify these 
experiments or devise new ones to teach principles, 
and they can enjoy doing it. For example, the solu- 
bility of silver bromate can be studied as a function of 
jonic strength, using the iodometric determination 
of dissolved bromate; the solubility of calcium sulfate 
as a function of acidity, using versene as before; and 
the solubility of lead chloride as a function of lead 
perchlorate concentration, using one of the standard 
methods for determining dissolved chloride. 

There seems to be some feeling that these experiments 
are best used as optional experiments in advanced 
courses for the better students. I think that such 
feelings underrate both the capabilities of the average 
sophomore and the desirability of giving him an in- 
creased understanding of principles at an early stage 
in his career. All of the more typical quantitative ex- 
periments, i.e., unknowns, should not be discarded. 
The inclusion of just two or three of the type described 
in this paper is enough to improve the student opinion 
of the laboratory work considerably. 

The reactions to these experiments, especially from 
the best students, have been most satisfying. These 
students enjoy the research nature of the experiments 
and the close connection made between lecture and 
laboratory work. They like to mull over their results 
and talk them over. Several have chosen to come in 
on their own time to do extra related experiments. 
One encouraging aspect is the interest taken by the 
students in their constant values, graphs, etc., com- 
pared with literature values. It is stimulating for 
them to learn that their values are actually better 
than many in the literature, for often the latter are 
given without reference to temperature, ionic strength, 
or the method of determination. This instills in the 
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S? X 106 


1 1 
0.05 0.10 
(H*) 


0.15 


0.20 


Figure 3. Graphical Interpretation of Lead Sulfate Solubility Data 


Temperature = 23.5°C. Ionic strength = 1.0. Data of William Stocker. 


students a healthy skepticism of figures which are not 
backed up in some way, and this attitude alone is an 
important step forward in their thinking. As for the 
report writing, they find it painful at first and easier 
later on. Reading of the early reports makes it clear 
to the instructor how badly they need this kind of 
training. 

The quantitative analysis course comes at a crucial 
time in the curriculum, when many students with ex- 
cellent scientific ability are wavering between careers 
in mathematics, physics, medicine, and chemistry. 
If we are concerned with attracting good people into 
the profession we must pay more attention to ways in 
which the stimulating aspects of chemistry can be 
made available to the student. We should design our 
courses so that they grow up with him. As his think- 
ing ability improves, so should the opportunity for 
advanced thinking appear more regularly. 
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QUANTITATIVE PRINCIPLES 


IN GENERAL CHEMISTRY’ 


Our students are told that chemistry is a science. 
One of the distinctions between a science and nonscience 
is the extent to which the former makes use of quanti- 
tative description. In spite of general agreement that 
most of the mathematics required in the elementary 
chemistry course is of the precollege variety, writers of 
chemistry textbooks persist in describing simple mathe- 
matical relationships in essentially qualitative terms, 
and students persist in complaining that they can “get’’ 
chemistry but they cannot work the problems. The 
problems that the student complains of are of the same 
nature and level of difficulty as those that he has already 
worked in high-school mathematics. The reluctance of 
chemistry teachers to present the mathematics 
“straight” is probably based on the belief that chemistry 
students (unlike students of physics and engineering) 
are unable to cope with a simple linear relationship, 
and that some easy way can be found to teach the 
arithmetic of chemistry or even to omit it. 

The author is of the opinion that both of these beliefs 
are false. Students of elementary chemistry are about 
as ready as they ever will be to understand the rudi- 
ments of algebra and arithmetic. There can be no 
real understanding of chemistry without mastery of the 
fundamental mathematical tools. One might even go 
so far as to say that no person can be truly educated 
who does not thoroughly understand the essentials of a 


1 Presented before the Division of Chemical Education at the 
127th Meeting of the American Chemical Society, Cincinnati, 
March, 1955. 


6.0 


f 
8 15 
20-——4 
2.0 

0.0 


0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
Grams of oxygen 


Figure 1. Ratio of Carbon to Oxygen in Carbon Monoxide 
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linear relationship. The difficulty which the elemen- 
tary student experiences in solving chemical problems 
is probably the result of his having absorbed something 
of the form of arithmetic without understanding its 
substance. 

The essentials of mathematics required for the under- 
standing of elementary chemistry are so few that they 
can be presented rather thoroughly to the college stu- 
dent during the first two weeks of the term. This 
paper attempts to suggest a method of presenting the 
essentials of the simple direct and inverse linear rela- 
tionships to the student and to illustrate how certain 
chemical and physical principles, now treated largely 
in a qualitative manner in most elementary textbooks, 
can be treated in a strictly quantitative sense. The 
principles to be discussed are: the one-constant linear 
relationship, the two-constant linear relationship, the 
inverse linear relationship, a general solution of the one- 
constant linear relationship, development of the concept 
of absolute temperature, the molecular weight of solu- 
ble solids, and Dulong and Petit’s rule. 

The One-constant Linear Relationship. The relation- 
ship is illustrated by data for the combination of car- 
bon and oxygen which are recorded in Table 1 and 
plotted in Figure 1. The table illustrates the constant 
rate of increase of both variables and the constancy of 
their ratio. The.graph illustrates the geometrical rep- 
resentation of the data. The data are most suitable 
for illustrating the meaning of the slope of a line and 
how to compute it. They are especially good for illus- 
trating the law of definite proportions. The representa- 
tion of the data by the qualitative expression Y « X 
and the derivation of equation (1) Y = 0.75X from 


TABLE 1 
Ratio of Carbon to Oxygen in Carbon Monoxide 
Ratio of 
Wt. of Wt. of carbon to 
carbon Differ- onugen Differ- oxygen 
(Y) ence ) ence k) 
1.0 1.33 7 0.75 
2.0 1 2.67 1.33 0.75 
3.0 1 4.00 1.34 0.75 
4.0 1 5.33 1.33 0.75 
5.0 1 6.67 1.34 0.75 
6.0 1 8.0 1.33 0.75 


either the data or the graph can be illustrated and the 
general properties of the one-constant linear relation- 
ship (y = kx) pointed out. In Figure 2 several lines 
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TABLE 2 


Corresponding Temperature Readings on the Fahrenheit and Centigrade Scales 


F 5.0 14 23 32 


—15 —10 —5.0 0.0 


F/C —33 —1.4 —4.6 


are drawn at random, all passing through the origin. 
The student is asked to read off several pairs of values 
for x and y and to compute their ratios. This exercise 
serves to fix the importance of the single constant as 
the unique property of the straight line and the linear 
relationship. 

The Two-constant Linear Relationship. Data in 
Table 2 and Figure 3 represent the relationship between 
the Fahrenheit and centigrade temperature scales. 
The graph shows that the relationship is linear. The 
data in Table 2 show that the F to C ratios are not 
constant. It is readily shown that the ratios between 
corresponding differences AF to AC are constant and 
equation (2), AF = 1.8 AC, applies. To show that 
equation (2) is not the same as (3), F = 1.8C, a series of 
F values are computed by means of the latter equation 
and compared with true F values in Table 3. Though 
equation (3) does not represent the data in Table 3, 
the computed values appear to be smaller than the true 
ones by 32 in every case. The data can be represented 
precisely by equation (4), F = 1.8C +32. This equa- 
tion is of the general type (5), y = kw + ke and is 
called a two-constant linear equation. The funda- 
mental distinctions between the one-constant and two- 
constant linear relationships are emphasized at this 
point. The former is characterized from the data by 
the constancy of the ratios of its variables, and from 
the graph by the line passing through the origin. The 


Figure 2. Nature of One-constant Linear Function 
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Figure 3. Centigrade versus Fahrenheit Readings 
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TABLE 3 


Comparison of True Fahrenheit Values with Those Computed with Equation (3) 


C —15 —10 —5.0 


F (cale.) —27 —18 —9.0 
Difference 32 32 32 
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TABLE 4 
Relationship Between the Pressure and Volume of a Given Quantity of Air 


1.00 1.14 1.32 4.0 6.0 8.0 10 
16.0 14.0 12.0 4.0 2.66 2.0 ; 
16 16 16 16 1 16 16 16 16 16 16 


Reciprocal volume X 10, ml. 


latter is characterized from the data by the constancy of 
the ratios of corresponding differences between its 
variables and by the nonconstant ratio of the simple 
variables themselves, and from the graph, by the failure 
of the line to pass through the origin. 

The Inverse Linear Relationship. Data to illustrate 
the inverse linear relationship are given in Table 4 and 
plotted in Figure 4. The symmetry of the P versus V 
plot is pointed up along with the constancy of the PV 
product. The qualitative expression of the relation- 
ship P « 1/V and equation (6), PV = 16, are discussed 
as is also the general equation (7), zy = k. The plot 
of P against 1/V X 10 in Figure 5 illustrates why the 
function is called an inverse linear one. The usual 
Boyle’s law equation, P:V; = P2V2, follows directly from 
the general equation, PV = k = (P\Vi = P2V2). 

With the few basic mathematical relationships dis- 
cussed above, most of the laws of general chemistry can 
be developed and the problems can be solved. Con- 
venient methods by which this can be done are discussed 
below. 

A General Solution of One-constant Linear Relation- 
ships. The expression (8), sought = given X proper 
factor, is developed for the solution of this type of equa- 
tion. The proper factor is defined as some true ratio of 
sought to given. Problems involving weight of starting 
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Figure 5. The Inverse Linear Relationship 


TABLE 5 
Variation of the Freezing Points of Ethanol Solutions with Concentration 
Grams of ethanol per 1000 g. of water 3.25 5.95 9.32 24.18 50.14 81.05 
Freezing points (°C.) —0.1307 —0.237 —0.371 —0.965 —1.990 —3.215 


Concentration (g./1000 g. HO) 


to 


10 


0 —4 -8 


material, yield, equivalent weights, Dulong and Petit’s 
law, Charles-Gay Lussac’s law, law of definite propor- 
tions, law of multiple proportions, variation of freezing 
point with concentration, the distribution principle, 
and many others can be solved by this simple relation- 
ship. All that is necessary for solving such problems is 
for the student to recognize them as one-constant 
relationships. 

Development of the Concept of Absolute Temperature. 
Charles-Gay Lussac’s law, written in the form P = 
Py + (t/273)Po can be solved for ¢ to yield ¢ = 273 
P/P, — 273. It follows that when P = 0, ¢ = —273 
and molecular translational motion must have ceased 
(else pressure could not be zero),? so —273° on the 
centigrade scale is called the absolute zero of tempera- 
ture. Rewriting in the form ¢ + 273 = 273 P/P, and 
substituting 7 for ¢t + 273, we define the Kelvin tempera- 
ture scale, and the equation 7/P = 273/P) = k fol- 
lows as a statement of Charles’ law. From this we 
may write T7/P = k = (T7,/Pi = T2/P2) and get one 

? The assumption is that the equation is valid down to the 
absolute zero of temperature. 
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Figure 6. Freezing Points of Ethanol Solutions 
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TABLE 6 
Specific Heat of Some Common Elements 
Ca Mn Zn Sn Pt Pb 
Atomic weight 40.1 54.9 65.4 108 195 207 
Specific heat, c (cal./g.) 0.168 0.121 0.0925 0.0558 0. 0.0306 
l/c 5.95 8.26 10.8 18.5 30.9 32.7 


of the most popular quantitative expressions of Charles’ 
law. 

The Molecular Weight of Soluble Solids. Some freez- 
ing point data for ethanol in water, taken from Landolt- 
Bornstein tables, are given in Table 5 and plotted in 
Figure 6. 

The student recognizes the linear nature of the rela- 
tionship right away, and the equation C = —25.2 
At, is shown to apply. In a similar manner it is shown 
that the equation representing the freezing point data 
for methanol is C = —17.4 At;. Substituting a con- 
centration, Cm, which is exactly equal to one gram 
molecular weight of the solute substance in 1000 grams 
of water, in these equations we get for methanol, 
—At, = 32.1/17.4 = 1.85; and for ethanol, — At, = 
46.1/25.2 = 1.83. For a water solution we can write 
the general equation C, = —k X 1.86; where k isa 
constant determined by the particular solution and 
1.86 is an average constant which has been found 
characteristic of water solutions. Combining this equa- 
tion with the general equation C = ~k X Aty,, we get 
Cm = 1.86/At; X C, which is suitable for computing the 
molecular weight of a soluble solid. 

Dulong and Petit’s Rule. The specific heats, c, 
(ealories/gram) of a few common elements are listed in 
Table 6. The data indicate that the specific heat de- 
creases as the atomic weight increases and suggest the 
possibility of an inverse linear relationship. The plot 
of the data, Figure 7, shows that this is indeed the case; 
the equation for the line is A.W. = 6.21 X I/c. It 
appears that, at room temperature, the product of the 
specific heat and the atomic weight of many common 
metallic elements is 6.2. This number is actually 6.2 
calories or the specific heat of one gram atomic weight 
of the metals for which the rule applies. Such an ap- 
proach can serve as an excellent introduction to Dulong 
and Petit’s rule. 

The examples cited above are just a few of those 
which can be treated from a mathematical point of 


view provided the student has mastered the essentials 
of the simple direct and inverse linear functions. This 
treatment serves to emphasize the utility of mathe- 
matics for the expression of scientific laws and princi- 
ples and to develop confidence in the use of mathe- 
matical language. It also reduces the amount of 
qualitative description. It is the opinion of the author 
that this kind of treatment is one solution to the press- 
ing need for reducing the amount of material in ele- 
mentary chemistry which must be learned by memory 
alone. 


140 


100 


Atomic weight 


60 


20 


6.0 14.0 22.0 30.0 
Reciprocal of specific heat 


Figure 7. Variation of Specific Heat with Atomic Weight for Repre- 
sentative Metals 


In THE article, ‘‘Gas-phase chromatography” by Jonn R. Lorz anp Cuartes B. WILLINGHAM, 
on page 489 of Volume 33 (October, 1956), reference (6) in “Literature cited” should read: 


EcoertsEn, F. T., H. S. Knieut, anp 8. Groenninos, Anal. Chem., 28, 303 (1956). 
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So many forms of the periodic chart, ranging from 
valuable to trivial, have been published in so many 
places that specific references, in general, are inappropri- 
ate. Nevertheless, the variable periodic system indi- 
cated by Scheer! suggests a teaching tool which may be 
used to considerable advantage. 

An adjustable chart in which appropriate elements 
are are kept within certain movable segments has been « con- 


ScHEER, Cuem. Epve., 32, 590 (1955). 


® AN ADJUSTABLE PERIODIC CHART FOR 
LECTURE PURPOSES 


GEORGE K. ESTOK 
Texas Technological College, Lubbock, Texas 


structed. The conversion from the short to the long 
and the extra-long forms is accomplished readily. The 
arrangements of atoms in the three charts are also in 
accord with the most commonly used forms of the 
periodic chart. Figures 1, 2, and 3 show the chart 
in n three useful forms (others are also possible). s 

3 The retention of obsolete symbols for aces 4i, 43, ont 85 
is unintentional. A more recently prepared master chart cor- 
rectly identifies these as Nb, Tc, and At, respectively. 
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Figure 3. Extra-long Form 
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The sections which require movement are obvious 
from the photographs. 

Charts in these forms show the student very strik- 
ingly how the periods increase in an orderly manner, 
i.c., first period, two elements; second and third 
periods increase by 2 + 4; fourth and fifth periods 
increase by (2 + 4) + 4; sixth and seventh periods 
increase by (2 + 4 + 4) + 4. 

The figures illustrate a small model of the adjustabie 
chart, where the movable sections are held in place by 
pegs and holes. For lecture purposes, however, a 
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large-scale chart is required. Pegs and holes do not 
allow the flexibility of complete movement which is 
inherent in this form of chart. ‘Two methods are sug- 
gested to assure flexibility. Sections may be attached 
to small magnets* and moved readily about on a back- 
ground of sheet metal, or they may have metal sliders 
attached which permit them to move easily along 
grooved metal strips attached to the chart board. 


3 Lippincort, W. T., R. Wueaton, J. Cuem. Epuc., 33, 
15 (1956). 


e HEATING DEVICES FOR MICROCHEMICAL 


OPERATIONS 


Exctupine organic ultimate analysis, a tiny flame 
usually provides ample heat for small-scale chemical 
operations. Although satisfactory wlien the duration 
is short, such direct heating needs careful adjustment 
and ample flame shielding when used for prolonged 
operations such as refluxing or fractional distillation. 
A liquid bath is often useful, but unless operating at the 
boiling point the temperature needs to be watched and, 
after heating in this manner, the exterior of the re- 
action vessel has to be dried. Two gas-heated de- 
vices incorporating sensitive and stable control have 
been developed. Temperature stability is achieved 
in the one case by careful shielding and in the other by 
use of a comparatively large flame. 

The device shown in Figure 1 provides the nonlocal- 
ized heating characteristic of a liquid bath and incor- 
porates certain features of earlier designs (/—3). Heat 
is supplied by microburner A, which is merely a Bunsen 
burner with the flame tube removed. Chimney B is of 
tin plate or other thin sheet metal; particularly if rein- 
forced with a few small rivets or bolts, the seam and 
bottom plate joint may be soft soldered. On assembly, 
the bottom plate is gripped between the burner and its 
base, thus rigidly supporting the chimney. 

Air enters through the eight */,s-in. diameter holes 
in the bottom plate, through lighting port C, and around 
the gas-connection opening. The butterfly valve Z is 
mounted a little above the three rows of */i-in. diame- 
‘er vent holes D which provide an alternative outlet for 
the hot gases. As rotation of the valve progressively 
closes the chimney the hot gases escape increasingly 
through the vent holes, so that the heating effect at the 
top of the chimney is reduced. Rapid and sensitive 
heat control is possible over a considerable range es- 
iablished by flame height. 


JOHN T. STOCK and M. A. FILL 
Norwood Technical College, London, England 


The butterfly valve is 0.5-1 mm. smaller in diameter 
than the bore of the chimney and is mounted on a 
3/-in. diameter spindle F. Consisting of two thin 


N 


—" 


Figure 1. Chimney-type Heating Device 


(a) and (6) details of butterfly valve and spindle: X, tinplate; Y, as- 


bestos paper; Z, asbestos board. 
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sheet-metal discs between which are sandwiched two 
discs of asbestos paper and two half-discs of asbestos 
board, the valve has a total thickness of about 5 mm. 
Details of construction are shown enlarged at (a) and 
(b). 
A small flask or similar apparatus may be supported 
as shown in the detachable spring clamp G. This 
clamp is a “Terry clip” which is secured between nuts 
on the end of a length of 1/s-diameter rod, the latter 
being bent at right angles as shown. Two telephone- 
type binding posts H, mounted vertically above one 
another with their cross holes in line, allow the clamp 
to be locked in any position. When the heater is out 
of use, the clamp is lowered so that the horizontal por- 
tion of the rod enters slot I in the top of the chimney. 
To prevent accidental fall of apparatus into the chim- 
ney, three equally-spaced */,-in. long bolts J are ar- 


Figure 2. Fixed-flame Miniature Hot Plate 
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ranged to project inward about 25 mm. from the top of 
the chimney. 

A useful accessory for warming crystallizing tubes, 
etc., is a wire-gauze tray which clips onto the top of the 
chimney (3). 

Constructed mainly from the parts of a Bunsen 
burner and an old screw clamp, the miniature hot plate 
shown in Figure 2 is designed to operate with a fixed 
flame height. The heating of a vessel is controlled by 
varying the clearance between the hot plate and the 
vessel. After the stem of the clamp and most of the 
fixed jaw is sawed off, the latter is drilled and secured to 
the burner base by bolts K, as shown. The projecting 
end of the operating screw should pass freely through 
the central hole in the base. The moving jaw is also 
shortened considerably, then drilled and filed flat at the 
end to permit the firm attachment of burner support L 
and hot-plate surround M. The former, of °/s X 
1/,-in. thick brass strip, is bent as shown and carries 
burner N. Of approximate dimensions 3 XK 2 X 
3/1,in., the surround is of asbestos cement sheeting. 
It has a central 30-mm. diameter hole, the upper side 
being counterbored to take an aluminum disc O about 
33 mm. in diameter and 1.5 mm. thick. The distance 
between the underside of the disc and the burner jet 
should be about 15 mm. If set at a “free” height of 
50 mm., the flame spreads over the underside of the disc 
and is unaffected by normal draughts. 

Other versions of this apparatus are line-operated, 
a 60-watt soldering-iron heating element being used 
(4). 


LITERATURE CITED 


(1) Stock, J.T., M. A. Fru, J. Epuc., 31, 144 (1954). 

(2) Stock J. T., anp M. A. Frit, Chem. Age (London), 71, 889 
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(3) Ibid., 72, 847 (1955). 
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50 colleges will be visited this year. 
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WHAT THE DIVISION OF CHEMICAL EDUCATION DOES 


ARRANGES a program of papers, both general and of the symposium type, at the semiannual 
meetings. This is a national sounding board for all that is new or controversial in subject matter 
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* QUALITATIVE ANALYSIS OF ALLOYS 
CONTAINING MOLYBDENUM 


As srarep in a previous paper,' methods of analyzing 
alloys in the college qualitative analysis course have 
been for the most part limited to the detection of the 
so-called common metals. However, for a number 
of years molybdenum and other formerly designated 
rarer metals have been added to alloys in order to give 
them special properties. The chemical reactions of 
molybdenum ions now are known so that the student 
in qualitative analysis should be able to analyze an 
alloy containing this metal. 

The object of this work was to develop a semimicro 
method of qualitative analysis for molybdenum within 
the framework of a scheme used for the common 
metals.” 

Though molybdenum occurs as a metal ion of Group 
IIB (tin group), it usually is not completely pre- 
cipitated by hydrogen sulfide in a 0.3 N hydrogen ion 
solution. This difficulty is due to the action of the 
hydrogen sulfide reducing hexavalent molybdenum in 
molybdate ion to a lower valence state which is not 
completely precipitated by hydrogen sulfide. It was 
found that the molybdenum could be completely 
precipitated as a sulfide by the use of thioacetamide* 
with the ions of Group II (copper and tin groups) by 
adjusting the initial acidity of the solution to 0.5 
N and using double (2 ml.) the amount of saturated 
(13 per cent) thioacetamide solution normally used to 
precipitate this group. 

The molybdenum occurs as a sulfide in Group IIB 
together with mercuric and arsenious sulfides. Usually 
the molybdenum and arsenious sulfides are separated 
from the mercuric sulfide by oxidizing with hot con- 
centrated nitric acid to molybdate and arsenate ions 
without affecting the mercuric sulfide. The molyb- 
denum then is isolated by precipitating the arsenate 
as the ammonium magnesium arsenate. However, 
it was found that the arsenious sulfide is not completely 
oxidized to arsenate, some remaining as arsenite. 
By adding bromine water to the concentrated nitric 
acid and heating, complete oxidation of arsenite to 
arsenate is accomplished. 


LeurMan, L., A. Moscowrrz, anp I. Scume.tz, J. CHEM. 
Epuc., 31, 310 (1954). 

2Curtman, L. J., “Introduction to Semimicro Qualitative 
Chemical Analysis,’? The Macmillan Co., New York, 1950, pp. 
253-92. 

3 LeurMan, L., P. J. Cuem. Epuc., 32, 474 
(1955). 


LEO LEHRMAN and PAUL SCHNEIDER 
The City College, New York, N. Y. 


Inasmuch as the analysis of an alloy should give 
estimations of the metals to be of any value, the method 
developed includes this for molybdenum. This was 
accomplished by the visual colorimetric comparison 
with standard amounts of molybdenum of the red 
color formed when thiocyanate ion and stannous 
chloride are added to an acid solution of molybdate 
ion. It has been stated that the concentration of 
acid and thiocyanate ion influences the stability of the 
red color while stannous chloride has very little effect 
and that stability is greater in sulfuric than hydrochloric 
acid.’ Our work confirmed these findings and the 
final concentrations in the solution for estimation of 
the amount of molybdenum were 12 per cent sulfuric 
acid and four per cept potassium thiocyanate, both 
by weight. 

A number of alloys of different composition with 
varying amounts of molybdenum were analyzed by 
the method given below. Starting with 25 mg. of 
alloy, as little as 0.5 mg. molybdenum was readily 
detected and estimated within a 10 per cent error. 
This method for molybdenum together with that pre- 
viously developed for titanium and vanadium! allows 
for the detection and estimation of these three metals 
in alloys. 


METHOD 


Twenty-five mg. of the alloy, preferably in small 
pieces, is treated according to the procedure previously 
worked out for alloys with titanium and vanadium,' 
except that Group II is initially adjusted to 0.56 N 
acidity, instead of 0.3 N, and 2 ml. of saturated 
(13 per cent) thioacetamide solution is used instead 
of 1 ml.’ 

Group II sulfides are combined and separated into 
group IIA (copper group) and IIB (tin group) by 
means of KOH +.-2 drops of saturated thioacetamide 
solution® (1).7_ In Group IIB the molybdenum sulfide 
appears with the mercuric and arsenious sulfide.* 


4 SrerBA-Boum, ET AL., Z. anorg. u. allgem. Chem., 110, 81 
(1920). Hisxey, C. F., anp U. W. Metocue, J. Am. Chem. Soc., 
62, 1565 (1940). 

5 Davis, H. C., anp A. Bacon, J. Soc. Chem. Ind. (London), 67, 
316 (1948). 

6 CuRTMAN, op. cit., p. 262. 

7Italic numbers in parentheses refer to notes following the 
method. 

8 CURTMAN, op. cit., p. 267. 
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The residue of possible molybdenum, mercuric, and 
arsenious sulfides is washed free of chloride ion (2), 
heated in the water bath with 0.5 ml. of concentrated 
HNO; for three minutes, centrifuged and washed twice 
with 0.5 ml. of distilled water, the washings being com- 
bined with the centrifugate. The residue may contain 
mercuric sulfide and some sulfur and is analyzed accord- 
ingly. The solution may contain molybdate, arsenate, 
and arsenite ions. 

The solution is treated with saturated bromine 
water until a brown color persists and then boiled to 
drive off the excess bromine (3) as shown by a colorless 
solution. The solution is made alkaline with concen- 
trated ammonia, an equal volume of 95 per cent ethanol 
is added followed by 0.5 ml. of magnesia mixture and 
allowed to stand for five minutes (4). The mixture is 
centrifuged, the residue being ammonium magnesium 
arsenate and the centrifugate containing the molybdate 
ion. The residue is washed twice with 0.5 ml. dis- 
tilled water combining the washings with the solution. 
To the solution 0.1 ml. of concentrated H,SO, is 
added and boiled down to dense white fumes of H,SO, 
(6). The solution is allowed to cool, diluted with 
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distilled H,O to 0.5 ml., then 0.5 ml. of 1 M KCNS 


solution and one drop of 0.25 M SnCl, in 3 M HC! 


are added. A red color proves the presence of molyb- 
denum. The amount of molybdenum is estimated by 
visual comparison with a solution of equal volume and 
color intensity made from the same amounts of reagents 
and containing a known amount of molybdenum as 
molybdate. 


NOTES 


(1) Two drops of saturated thioacetamide solution 
are used instead of five drops of saturated HS solution. 

(2) Chloride ion is removed, otherwise on the 
addition of nitric acid aqua regia would be formed which 
would dissolve mercuric sulfide. 

(3) The bromine helps oxidize any arsenite present 
to arsenate. 

(4) The purpose is to speed up the complete pre- 
cipitation of ammonium magnesium arsenate. Ninety- 
five per cent ethanol, denatured with five per cent 
methanol, works just as well. 

(5) The object is to drive off all the nitric acid 
which would interfere with the test for the molybdenum. 


ring representations of the aldohexoses. 


then only the OH groups are indicated. 


p-Allose p-gulose 
none up first up 
none down first down 
p-talose D-mannose 


Example: p-glucose (second up) 


*CH,OH 


Krart Foops Limitrep 
MELBOURNE, AUSTRALIA 


Tue mnemonic by Hunter (TH1s JouRNAL, 32, 584 (1955)) for naming the aldohexoses requires 
that the student transpose a series of straight-chain representations into the modern perspective 
A simpler mnemonic for the ring structures has been de- 
vised. This can easily be used for the more familiar straight chains. 

The partial structure (on the left below) is first simplified to a straight chain (on the right) and 


4 3 2 
p-glucose p-altrose 
second up third up 
J 
second down third down 
p-idose p-galactose 


All guests gladly alter table manners into gaiety 


The position of the OH groups in the open-chain formulas may be derived from this mnemonic by 
noting that ‘‘up’’ on the ring is left on the straight chain. 


Ww. C. J. HOLLENBERG 
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* A CONVENIENT METHOD OF DETERMINING 
VAPOR PRESSURES 


Dounrine the course of an investigation it became neces- 
sary to know the vapor pressures of a series of com- 
pounds, the data for which were not to be found in the 
literature. Examination of the existing methods for 
measuring vapor pressures failed for various reasons to 
provide a suitable method. 

Accordingly an apparatus, shown in the figure, was 
designed that could be used with equal facility for 
solids and liquids. It is similar in construction to the 
static system of Smith and Menzies! and is composed 
of two sections. The outer section consists of a double- 
walled glass tube as shown. In operation this double 
wall construction serves to minimize localized heating 
in the sample compartment. The inner section of the 
apparatus consists of an inverted U-tube (sample tube), 
the shorter, closed arm of which serves as the sample 
compartment. The U-tube and a thermometer are 
supported by a rubber stopper in the neck of the outer 
section. 

The entire apparatus is submerged to the side arm in 
an oil bath equipped with adequate stirring and heating 
facilities and the side arm is connected to a conven- 
tional vacuum distillation system, complete with dry 
ice trap, manometer, surge tank, and bleeder valve 
which is connected to the atmosphere. 

In a typical run the sample, solid or liquid, is intro- 
duced into the sample compartment of the U-tube and 
the tube is so adjusted that the thermometer bulb and 
sample are adjacent. The unit is then placed inside the 
outer section and the entire assembly is placed in the 
bath and the vacuum line is attached. During an ex- 
periment the vacuum pump runs continuously. Pres- 
sure is controlled by manipulation of the bleeder valve. 
At the beginning this valve is closed and the entire 
system is evacuated to the capacity of the pump, thus 
removing most of the air from the sample tube. As 
heat is applied to the bath the increasing vapor pressure 
of the sample is kept under control by manipulation of 
the bleeder valve until the desired temperature is 
reached, at which time the heat to the bath is reduced 
and the sample compartment is bled several times by 
alternately opening and closing the bleeder valve. 
(Caution: bumping!) 


The evaporation of the sample causes a lowering of: 


the vapor pressure in the sample tube. Therefore, after 
the residual air has been blown out of the tube, the sys- 


1 Smiru, A., anp A. W. C. Menzies, J. Am. Chem. Soc., 32, 897, 
1412 (1910). 


J. M. LEONARD and J. D. BULTMAN 
Naval Research Laboratory, Washington, D. C. 


tem must be allowed to come to equilibrium before any 
measurements can be taken. To take a measurement 
the bleeder valve is manipulated until the meniscus of 
the mercury in the sample tube is level with that of the 
mercury pool. When the two menisci are at the same 
level the pressure in the sample tube is equal to the 
pressure in the outer system. The manometer is iso- 
lated from the system and the temperature, along with 
the corresponding pressure, is recorded. The procedure 
is repeated at intervals as the temperature of the system 
decreases until a series of temperatures and correspond- 
ing pressures have been obtained. The measurements 
are taken with decreasing temperature in preference to 
increasing temperature because it is felt that more 
efficient sweeping out of the residual air from the sample 
tube is obtained by bleeding the tube when the sample 
vapor pressure is at a maximum. 
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Two corrections must be made. The first is to com- 
mercury in the sample tube which is +1.2 mm. for the 
8-mm. OD tube used here, and the second is the sub- 
traction of the vapor pressure of mercury at tempera- 
tures where it is appreciable. 


Constants for the equation logueP = —(A/T)+B 
were determined from the vapor pressure data collected 
on a series of known compounds. Comparisons of these 
data to accepted literature values for four of the com- 
pounds are given in the table. 


pensate for the approximate capillary depression of the, 
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Constants o, 
logiP = bf B 
Material A B 
Naphthalene 2438 + 151 7.8306 + 0.3723 
2500 7 .9750¢ 
d-Camphor 2628 + 36 8.3840 + 0.1044 
26662 8.4779 
p-Dichlorobenzene 2336 + 59 8.1695 + 0.1541 
2325¢ 8.0913 
Pentachlorophenol 3312 + 83 8.3515 + 0.4390 
3495¢ 8.81532 
* Calculated from literature data: Srunz, D. R., Ind. Eng. 
Chem., 39, 517 (1947). 


LIQUID PHASE 


Axrnovan the preparation of carbonyl compounds by 
catalytic dehydrogenation of the corresponding alcohols 
in the gaseous phase is mentioned briefly in most. text- 
books, little, if anything, is written about dehydro- 
genation in the liquid phase. Actually, dehydrogen- 
ation in the liquid phase (1, 2) is an excellent method 
for demonstrating reactions of the following general 
types: 
R—CHOH—R’ R—CO—R’ + 
R-—CH.OH — R—CHO + 


This process avoids cumbersome adjustment and 
regulation of apparatus (3) necessary for a gaseous- 
phase operation. It can be applied successfully even 
with alcohols which are too high boiling to be readily 
distillable. 

The required apparatus consists simply of a flask with 
reflux condenser, and an oil bath the temperature of 
which can be easily regulated. An apparatus for 
collecting and measuring evolved hydrogen may be 
added if desired. 

Many metals have been used as dehydrogenation 
catalysts (4). Most suitable are Raney nickel, reduced 
nickel, copper, and copper chromite. 

Example. To 100 g. of dodecanol, 5-10 g. of copper 
chromite, prepared as described in “Organic Syntheses” 
(5), isadded. The mass is heated to 250°C. Reaction 
sets in immediately with evolution of hydrogen. After 
30 minutes the reaction is stopped in order to avoid 
decomposition of the aldehyde product. The yield of 
aldehyde is about 40 per cent, and the unreacted alco- 
hol can be recovered. The aldehyde may be isolated 
conveniently by dissolving the mass in ether, followed 
by filtration and shaking of the filtrate with a solution 


+ 


PREPARATION OF CARBONYL COMPOUNDS 
BY CATALYTIC DEHYDROGENATION IN 


A. HALASZ 
University of Montreal, Montreal, Canada 


of sodium bisulfite. The bisulfite addition complex 
is washed with ether and decomposed in the usual way 
by a solution of sodium carbonate. 

Other saturated high molecular-weight alcohols such 
as cetyl or octadecyl can be used with similar results. 
With ethylenic alcohols, such as 9-octadecen-1-ol, 
saturation of the double bond takes place and stearalde- 
hyde is obtained. 

Secondary alcohols are much more easily dehydro- 
genated and the yield of ketone is often in the range of 
80-100 per cent. Even mild catalysts, such as copper 
powder, give excellent results. Borneol when re- 
fluxed carefully (to avoid clogging of the reflux con- 
denser) with copper powder until evolution of hydrogen 
ceases gives a theoretical yield of camphor of high 
purity. 

Primary glycols likewise can be dehydrogenated 
easily but secondary reactions often occur. Thus, 
1,4-butanediol yields y-butyrolactone (6): 


—> 
+ 


) 
1,5-Pentanediol gives 6-valerolactone: 


—> 
CH,— CH.—CH:—CH:—CO + 2il: 


) 


Cyclic glycols may react abnormally. Thus 1,2- 
cyclohexanediol yields 2-hydroxycyclohexanone: 


CHOH CHOH 


CHOH — CO 
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|,3-Cyclohexanediol gives cyclohexanone. 1,4-Cyclo- 

hexanediol yields the expected 1,4-cyclohexanedione. 
Primary secondary glycols also react unpredictably. 

|,4-Pentanediol affords y-valerolactone (7): 


HO- — 
CH,—CH, 


CH, —CH bo + 
No 


Styrene glycol yields acetophenone: 
C.H;—-CHOH—CH,—OH C,H;—-CO—CH; 


It can be seen that the distance between the alcohol 
group exerts a decided influence on the course of the 
reaction. 

These examples will point up the simplicity of the 


Tus paper describes a self-controlling etching process 
which has been found useful for cleaning and preparing 
silver surfaces for further chemical treatment. 

The self-controlling feature of the process is based 
upon the fact that NO, must be present in a certain 
minimum concentration in a boiling, dilute aqueous 
solution of nitric acid in order for the solution to attack - 
silver. Ephraim! states that “oxidation by NO, is so 
much more rapid than by HNO, that in practice only 
the NO, formed from the nitric acid (or NO, introduced 
purposely) acts as the oxidizing agent.” Accordingly, 
colorless nitric acid solutions are found to have little 
or no oxidizing action on metals. However, if NO» 
has been added, or has been formed from the reduction 
of some of the HNO, by heating or reaction with added 
HNO, or a nitrite, the solution will oxidize. 

The formation of sufficient NO, to oxidize silver by 
heating aqueous solutions of nitric acid appears to be 
feasible only when the acid concentration exceeds 
about eight volume per cent HNO,, sp. gr. 1.42, that 
is, 1.23 molar. According to Ephraim,' NOs is the 
precursor of NO, formed by heating HNQO;, and dilu- 
tion forces the equilibrium 2HNO; @ + H,O 
to the left. Other experiments showed that below 
85°C. the attack of 1.54 molar nitric acid (10 volume 
per cent HNOs, sp. gr. 1.42) was quite slow. 

In those instances where the boiling solutions at- 


‘pura, F., “Inorganic Chemistry,” 5th ed. revised by 
P. C. L. Toorne anv E. R. Roperts, Gurney and Jackson, 
London, 1949, p. 702. 


reaction and should suggest many other interesting 
possibilities. If convenient the reaction can be carried 
out also in the presence of a solvent, such as xylene. 
In this case, however, at the lower temperature the 
reaction rate is slower, but even this may often be com- 
pensated for by use of a more active catalyst, Raney 
nickel. 
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SELF-CONTROLLING ETCH FOR SILVER 


PHILIP F. KURZ 
Battelle Memorial Institute, Columbus, Ohio 


tacked silver it may be assumed that sufficient NO, 
was formed from HNO; by thermal dissociation of 
N2Os to cause the silver to be oxidized as follows: 


2Ag® + NO, + 2H* — 2Agt + NO + H,0 


Although fairly good etches were achieved in a few 
seconds with boiling 1.5-2.3 molar HNO, (10-15 per 
cent HNO, sp. gr. 1.42, in water), the attack of the 
acid on the metal was rather violent and the process 
required constant attention. A process which was 
less violent, substantially slower, and essentially self- 
controlling would be preferable. Accordingly, the 
intentional addition of NOs» to less concentrated solu- 
tions was investigated. 

A convenient means of releasing NO» in a boiling 
solution is by the oxidation of a nitrite. When added 
to boiling dilute HNO, solutions, the nitrite forms 
HNO, which decomposes rapidly as follows: 


NO, + NO 


(1) 


(2) 
(3) 


In this manner the addition of small amounts of a 
source of NOs» will impart etching properties to boiling 


- dilute aqueous solutions of HNO; which would not 


otherwise attack silver visibly even on long boiling. 
The table summarizes the results of experiments 
carried out with various concentrations of HNO,; and 
NaNO, in the boiling etching solution. 
The process of etching silver surfaces with three per 
cent aqueous nitric acid containing 0.4 per cent sodium 


== 
2HND, — N2O; + 
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Comparison of Etching Properties of Various HNO;-NaNO, Solutions 


———_Concentration of aqueous HNO; solution 


Per cent by volume NaNO; per cent Immersion Process self- Condition 
Molarity HNOs, sp. gr. 1.42 by weight time controlling of surface 
1.23 8 ‘ 0.4 30 sec. No Excellent etch 
0.62 4 ; 0.2 1 min. No Excellent etch 
0.31 2 0.1 15 min. Yes Only slight etch 
0.46 3 0.4 3 min. Yes Excellent etch 
0.46 3 0.4 18 min.* Yes Excellent etch 
0.46 3 ef 5 min. No action No etch 
0.46 3 0.4 5 min. Yes Excellent etch 
@ No noticeable evidence of further etching after initial three-minute immersion. 


nitrite was followed qualitatively. It was found that 
during the first minute of boiling the attack of the acid- 
nitrite solution on silver was rapid but not violent as 
evidenced by the evolution of gas bubbles. Gas _ used etching solution showed no evidence of attack on 
evolution diminished rapidly during the next two the silver. However, if the nitrite was renewed and 
minutes so that at the end of three minutes the etching 
action was almost complete. At the end of five min- excellently in the ensuing five minutes. 
utes of boiling the etching appeared to be complete. ing produced no further etching. 

There was no further action of acid on metal visible 
after continued boiling for an additional 55 minutes. 
Make-up water was added every five minutes to keep 
the volume of the solution essentially constant over 


+ 


A CHEMICAL CHRISTMAS TREE 


Ir 1s often difficult for students and teachers to concentrate on classwork while they are sur- 
rounded with preparations for the Christmas season. We have used a project in the chemistry class 
that permits an opportunity for the students to contribute to the festivities, acts as a motivational 
device, and teaches some use of indicators and the nomenclature of equipment. With some pre- 
planning, the project can be completed within one class period. 

The students at the University High School constructed a ‘‘chemical Christmas tree’’ with 
equipment common to the chemist except for some trim. An assortment of flasks, retorts, cyl- 
inders, separatory funnels, test tubes, calcium chloride tubes, and beakers of various sizes and 
shapes were used for decoration. They were filled with solutions selected for color—copper 
sulfate, potassium permanganate, potassium dichromate, malachite green, methyl orange, Congo 
red, blue litmus, gentian violet, and phenolphthalein. The star was made by crossing the stems 
of two retorts filled with a basic phenolphthalein solution. A star also may be made by bending 
glass tubing into a star shape and filling it with a colored solution. An inverted box base per- 
mitted suspending some flasks below the base of the ring stand to give the illusion of a wider, 
more natural base to the tree. 

Spun glass was used to surround the “‘trunk’’ and “branches’’ loosely, leaving the colored solu- 
tions against a white background. Artificial snow was sprayed over the tree, base, and desk, and 
a spotlight was arranged to shine its light up through the sparkling solutions and spun glass. A 
bubbling effect in the solutions might be provided by applying a heating coil to the base of some 
of the flasks and controlling the current by a step-down transformer. No danger of fire is present 
since neither inflammable liquids nor material is used. 

This project has received the enthusiastic support not only of the chemistry class but also has 
aroused considerable interest throughout the entire school and among parents. 


A W. STURGES 


University ScHoou 
Iowa City, Iowa 


the period of one hour. Thus, the process (1) is mild, 
(2) is self-controlling, and (3) requires little attention. 
A fresh specimen boiled for five minutes in the once- 


boiling continued the second specimen was etched 


Further boil- 


The self-controlling etching process described was 
used successfully numerous times with silver foil and 
sheet ranging from one mil to ten mils in thickness and 
up to 100 square inches in superficial surface area. 
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Since about 1950, there has been an increasing anxiety 
on the part of scientific organizations, industry, and 
educational groups in the United States concerning the 
growing lack of scientific manpower. Investigations 
seem to indicate that the point in the educational system 
where the child tends to become disinterested in or 
frightened of science is the secondary school. A his- 
torical examination of the factors leading to the forma- 
tion of the kind of high-school chemistry course being 
taught today may be of interest to those who are con- 
cerned with the problem. 

It will be seen that in the case of high-school chemis- 
try, the pedagogic techniques of one man, a university 
chemist, dominated the scene. Before his time, there 
was a kind of vacuum in high-school science teaching 
which needed filling: teaching was almost wholly by 
catechism from textbooks. With no other course of- 
fered to change the dull diet of the pupil, educators 
throughout the country seized avidly upon the induc- 
tive laboratory method of teaching as proposed by 
Josiah Cooke of Harvard University. This program, 
however, assumed an adequate supply of competent 
teachers, practically nonexistent at the time. Thus 
high-school chemistry grew from the university down 
instead of developing naturally upward from an ele- 
mentary science course. The growing breach between 
the high-school teacher and the college professor in- 
creased the confusion and contributed to the stagnation 
of the high-school chemistry course as a stultified edi- 
tion of the elementary propaedeutic course in the uni- 
versity. The first great attempt by educators to re- 
organize high-school science teaching in the 20th century 
began in 1920; therefore, this has been chosen as the 
terminal year of this history. 


EARLY CHEMISTRY TEACHING 


While the history of chemistry teaching in the Ameri- 
can high school parallels that of the teaching of phys- 
ies,? it was not until the years after the Civil War that 
chemistry as a subject of instruction came to be con- 
sidered the equal of physics in the teaching world. 
This is understandable, perhaps, in view of the almost 
complete success of the schema of Newtonian physics 
by the middle of the 18th century, while, by 1800, 
chemistry was still struggling up from the morass of 


1 Adapted and modified from part of a Ph.D. dissertation, ‘‘A 
History of Science Teaching in the American Public High School, 
1820-1920,” Harvard University, June, 1955. 

2 See Rosen, 8., Am. J. Physics, 22, 194-204 (1954). 


THE RISE OF HIGH-SCHOOL CHEMISTRY IN 
AMERICA (TO 1920)’ 


SIDNEY ROSEN 
Brandeis University, Waltham, Massachusetts 


alchemy. For the historian, however, such a lag 
creates the opportunity to observe the modifications in 
the teaching of chemistry in America, while the new 
science itself was being created. 

Before the American Revolution, chemistry, when 
taught at all, was considered mainly an obscure and 
unimportant branch of natural philosophy. The com- 
ing of Joseph Priestley to America in 1793 undoubtedly 
gave a strong stimulus to academic interest in chemis- 
try. Two years after Priestley’s arrival, the first sepa- 
rate collegiate chair in chemistry was created at Prince- 
ton University and was awarded to Dr. John MacLean, 
the Scottish chemist, one of the first to teach Lavoisier’s 
new caloric theory in America. The appointment of 
MacLean probably marks the initial formal recognition 
by an American institution of higher learning of chemis- 
try as an important branch of the sciences.* 

In the early academies, as well as in the colleges, 
chemistry was taught wholly by textbook and lectures, 
with the gradual addition of demonstration experiments. 
Amos Eaton, the guiding light of the Rensselaer School 
(later the Rensselaer Polytechnic Institute) at Troy, 
New York, was one of the first to break away from this 
method of teaching. In 1824, at Rensselaer, individ- 
ual students in chemistry (who were presumably to 
become teachers of the subject) were required to lec- 
ture and demonstrate, by turn, under the immediate 
direction of the professor. 

The laboratory method of teaching did not appear in 
this country until mid-18th century. Justus von Lie- 
big, the great German organic chemist, is geferally 
credited with originating at the University of Giessen 
in 1826 the idea of having individual students perform 
experiments in a laboratory. Those American college 
graduates who crossed the ocean to study graduate 
chemistry under Liebig during the 1830’s and 40’s re- 
turned anxious to transfuse this kind of science instruc- 
tion into American education. There is a record of Dr. 
Charles T. Jackson of Boston, Massachusetts, opening 
a private chemistry laboratory for the instruction of 
students at his home in 1938. Ten years later, Pro- 
fessor Eben Horsford put this method into practice at 


3 Dr. James Woodhouse, Professor of Chemistry at the Univer- 
sity of Pennsylvania in 1795, and a friend of Priestley, appears to 
have been the last chemist in America to teach the phlogiston 
theory (in which he believed until his death in 1809). According 
to I. B. Couen, “Some Early Tools of American Science,’’ Har- 
vard University Press, Cambridge, 1950, pp. 77-80, Aaron Dexter 
of the Harvard Medical School may have taught Lavoisier’s 
chemistry as early as 1788. 
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the new Lawrence Scientific School at Harvard Univer- 
sity, where he instructed twelve students in individual 
laboratory work in chemistry. 

In a utilitarian spirit, chemistry was considered to be 
a very practical secondary-school subject by some early 
educators in America. The same Dr. Jackson, speak- 
ing before the American Institute of Instruction at 
Boston in 1835, foresaw in the teaching of chemistry a 
means of industrial independence for the United 
States. He looked forward to the freeing of America 
from the necessity of sending to Europe for the latest 
chemical information, and predicted a time when 
quacks and charletans would no longer manage the 
industrial laboratories and medical manufacturing of 
the country. 

Chemistry (along with botany and astronomy) was 
also considered a science most fit for the education of 
young girls. Most of the female academies and girls’ 
high schools which were organized in the third and 
fourth decades of the 19th century offered a chemistry 
course and advertised “a good chemical apparatus.”’ 
The prospectus for the first Boston High School for 
Girls (opened in 1826, but closed two years later) prom- 
ised courses in astronomy, geography, and natural 
philosophy “with as much of chemistry as would be 
useful in domestic economy.”’ In 1828, the Female 
Seminary in Hartford, Connecticut, announced a 
course of experimental lectures in chemistry to be 
given “by a professional gentleman, each of which is in- 
tended to illustrate the daily lesson given out and ex- 
plained by the teacher. On account of the heat occa- 
sioned by performing the experiments, this branch will 
be pursued only during the winter term.” 

Up to 1850, the quality of chemistry teaching, both 
in the secondary schools and the colleges in the United 
States seems to have been poor. One only needs to 
read a description of the chemistry course at Harvard 
Medical School during the period 1827-49, when the 
professor of chemistry for both the college and the 
medical school was Dr. John W. Webster: 


He gave the class two or three chemical lectures, which were 
brought to a sudden end by his show experiment called the 
volcano—a large heap of sugar and potassium chlorate piled on a 
slab of soapstone. After he had lighted it with a drop of sulfuric 
acid, he saved himself by dodging out of the room, and in a very 
few seconds all the members of his class found themselves obliged 
1o jump out of the window. 


This was the John Webster who achieved the distinc- 
tion of becoming the Harvard faculty’s first murderer. 
He was hanged on August 30, 1850, for the rather 
grisly but dramatic slaying of Dr. Georgius Parkman, 
his colleague at the Medical School.‘ 

The transfer of the Harvard Medical School from 
Cambridge to Boston in 1810 provided an incidental 
nuisance for the chemistry professor. Since only one 
set of chemical demonstration apparatus existed for the 
entire university, the equipment was shuttled back and 


‘See Waaner, C. A., “Four Centuries of Freedom,’’ Dutton, 
New York, 1950, p. 121, for an excellent account of why “the 
ladies of Brattle Street shrank behind their bubble glass windows.” 
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forth across the Charles River until 1858! If this was 
the situation in chemistry teaching at one of America’s 
most illustrious universities, one can only surmise the 
condition of chemistry teaching in the average second- 
ary school of the period. 

In 1850, when the high school at Springfield, Massa- 
chusetts was opened, a room in the basement was set 
aside for the demonstration of chemical experiments. 
It was a basement room, described by the principal as 
one “‘not such as a City should furnish for young ladies 
to frequent for the purpose of instruction.’”?’ Whimsi- 
cally, he added to his report the information that “it 
was soon found necessary to give up the room to the 
person in charge of the fires of the building, and it was 
speedily ascertained that his experiments and those of 
the chemical manipulator had no common affinity.”’ 

In 1851, a young chemist, Josiah Parsons Cooke, who 
as tutor in mathematics and chemistry had been giving 
a course of lectures on chemistry to Harvard College 
freshmen and sophomores “in connection with recita- 
tions from a textbook,” was appointed to succeed the 
notorious Webster as the Erving Professor of Chemistry. 
Emulating Eben Horsford of the Lawrence Scientific 
School, Cooke fitted up a laboratory in the basement 
of University Hall. (All chemistry demonstration 
rooms or laboratories seem to have been placed in school 
basements before 1871, when the new Boston Girls’ 
High and Normal School building was fitted with a 
chemistry laboratory on an upper floor.) There were 
no facilities for gas or running water; in spite of this, 
he began a laboratory course in chemical analysis for 
Harvard students. 

Between 1851 and 1872, only 55 degrees had been 
awarded in chemistry at the Lawrence Scientific School. 
From this, it may be inferred that much of the instruc- 
tion in chemistry in the secondary schools up to this 
time and on, virtually to the turn of the century, was 
undertaken by people who had little or no competency 
in the field. Josiah Cooke, however, in spite of his 
early difficulties, lived to see his brand of laboratory 
chemistry flourish in all the secondary schools and col- 
leges in the country. 


RISE OF THE LABORATORY METHOD 


The Boston Girls’ High and Normal School is credited 
with being the first to begin laboratory teaching in 
chemistry in 1865. However, the records of the 


- Boston School Committee make no mention of this 


laboratory work until 1871, when the high school was 
moved into new quarters which included a special lab- 
oratory room. That year, the principal of the high 
school described the use of the laboratory in his report: 


The laboratory was not ready for use until the first week in 
January.... A portion of the time allotted to mineralogy was 
given to chemistry to acquaint the class with laboratory work. . .. 
The present class (about 270) perform experiments under the eye 
of the special teachers of chemistry and their regular teacher 
twice a week, and will do so for sixteen weeks, thereby gaining 
not only a knowledge of the elements and of their more useful 
compounds. ..but also by the success and failure of their experi- 
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ments. . .they receive an education in patience, watchfulness, and 
exercise of forethought that will prove invaluable to them through 
life, in the discharge of domestic, social, and professional duties. 


Notice that laboratory instruction was then considered 
a specialized field requiring someone with experience 
beyond that of the teacher in the recitation classroom. 
(Some of the apparatus used in early laboratories is 
illustrated in Figure 1.) 

The laboratory method of teaching chemistry spread 
rapidly through the larger city school systems in Massa- 
chusetts. By 1871, chemistry laboratories were in 
operation in the Cambridge High School, the Boston 
English High School, and the Dorchester High School. 
The eloquent report of the latter’s principal in the 1871 
Report of the Boston School Committee is particularly 
indicative of the change of attitude toward chemistry 
teaching at the time of the innovation of the laboratory 
method: 


And first, in regard to chemistry: the course of instruction in 
this science twenty years ago was confined to rocks; the pupil 
was taught some of the leading facts of the science, made ac- 
quainted with some of the technical terms, and rarely permitted 
to witness a few dazzling experiments by the hands of the teachers 
and to listen to a few explosions. These served to amuse, if they 
failed to instruct, and perhaps most frequently left the impression 
upon the scholar’s mind of a mysterious and dangerous art, 
rather than that of a useful science.... The scholar is now 
taught to converse directly with nature. Instead of learning an 
arbitrary rule for the preparation of oxygen and hydrogen, he 
takes the materials into his own hands and prepares the gases 
himself.... His chemistry becomes a part of his experience. 


Thus, by 1871, the high-school chemistry course had 
already acquired the reputation of being a subject where 
the pupil ‘‘had to get his fingers dirty.”” This kind of 
teaching in the high school, however, was to be carried 
to such extremes by the turn of the century that educa- 
tors began to complain of the irresistible wave of labora- 
tory madness sweeping over the educational world. 
“Things have been expected of laboratory work,” wrote 
Joseph Torrey, Jr., in the preface to his textbook pub- 
lished in 1899, “‘which it never did and never can do.” 

In 1886, laboratory chemistry was added to the ad- 
missions list of Harvard University, with the status of 
an “advanced study.” Presentation of such a course 
permitted a student to begin working in the particular 
area concerned at a higher level; in the sciences, such 
courses were prerequisites for admission to the Law- 
rence Scientific School. In chemistry, the requirements 
included “a course in at least sixty experiments in 
General Chemistry actually performed at school by the 
pupil.” 

A pamphlet describing the kind of high-school course 
preferred and the type of experiments acceptable was 
written by Professor Josiah Cooke for distribution to 
the secondary schools of the country. In time, this 
little booklet and its subsequent editions came to be 
known, more in a whimsical than pejorative sense, as 
The Pamphlet. Under four major headings and 27 


subheads were listed 83 experiments demonstrating 
both qualitative and quantitative aspects of laboratory 
chemistry. 


96 CATALOGLE OF APPARATUS, 


CHEMICAL APPARATUS. 


CHEMICAL, GLASS AND PORCELAIN WARE. 


Consisting of every variety of articles used in the Chemical Laboratory. 


No, 867. 


No. 
7. AIK PUMP (LIEBIG'S). For organic analysis, best Kerlin make. 
Price $13. 
868. AIR PUMP (LIEBIG’S HORIZONTAL). Single brass barrel, for 
evaporating or drying substances over sulphuric acid, or in vacuo, 
ete., with receiver, Price $25. 
(AIK PUMPS, of other varieties, see Pxermartica, page 37.) 


No. 872. No. 873. No. 875. No. 874. No. 878. 


No. 869. 


869. ALEMIICS. Of glass and earthen ware. 4 pint, tubulated, of glass, 
with ground stopper, 75 cts.; 1 pint $1; 1 quart $1.50; 2 quarts $2. 
870. 1 quart, with loose head and ground joint. Price $2.50. 


871, 2 ounces of glass, used in analytical chemistry. “ 38. 
872. ADAPTERS. Straight. 18. 
873. ADAPTERS. Curves. 


874, ACID BOTTLES, With long tapering to a drop of 
acid to coins, minerals, &c. one cts 


. Some Chemical Apparatus Used in Early School Laboratories 
(from an 1856 Apparatus Catalogue) 


Most of the experiments dealt with the preparation 
and characteristics of the more common elements, as 
oxygen, nitrogen, sulfur, and carbon. Some dealt with 
physical properties, such as density, heat conduction, 
and the gas laws. Experiments in which atomic and 
molecular weights were determined were included. 
(A complete list of the experiments may be found in the 
1893 edition of Cooke’s pamphlet, “‘ Descriptive List of 
Experiments on the Fundamental Principles of Chemis- 
try,” kept in the Harvard College Library Archives. 
This was the third edition of The Pamphlet.) 

Cooke made it quite clear that the kind of high-school 
chemistry course he considered adequate was ene in 
which: (1) the major concern was with fundamental 
principles; (2) demonstrations by the teacher supple- 
mented the experiments of the students in a systematic 
way; (3) the study of chemistry began with observa- 
tion and was particularly concerned with the leading of 
the student to general principles by the use of his own 
inferences; and, most important, (4) quantitative, as 
well as qualitative, experiments were performed by 
the students. For Cooke, the emphasis on quantitative 
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COKRECTION OF GAS VOLUMES. 49 


‘The result of all measurements has been to show that gases 
change their volume with change of pressure, and that the 
greater the pressure the less the volume. In other words, he 
volume occupied by any gas is inversely as the pressure, the tem- 
perature being constant. 

If we take 1000 ¢.c. of air at a certain measured pressure, 
and double this pressure, the volume of the gas will be halved. 
If we halve the pressure, the volume doubles ; ete. 

Now keeping the above facts in mind it will be seen that 
if we know the volume occupied by a gas at a given pressure, 
we can calculate what volume it will occupy at any other 
pressure. Suppose we have 1200 c.c. of gas confined at a 
pressure of 730 mm. What will the volume become at 760 
mm. ? Since the volumes are inversely as the pressures, 

1200: 760: : 730. 
1200 X 730 
= ste = 1156+ c.c. 

Finally, we can, if we wish, apply both corrections at once. 
Suppose we have 1200 c.c. of a certain gas measured at 10” 
and 760 mm. What will be the volume at 23 and 740 mm. ? 

First we convert our temperatures into absolute temperatures 
by adding 273° to cach, and they become 283 and 296°. 
Then correcting for temperature we nave 1200 X ¥2$; and 
correcting further for pressure, noticing that the new pressure 
is lower than the old one and so will increase the volume, 
we have 1200 X X 

A convenient form in which to put the work is as follows : 

Log 1200 = 3.07918 


“+ 206 = 2.47129 Log 283 = 2.45178 


760 = 2.88081 740 = 2.86923 
8.43128 5.32101 
5.32108 


3.11027 = 1289 4.0.0, 


Figure 2. A Page from Joseph Torrey, dr.’s ‘‘Studies in Chemistry”’ 
(Henry Holt, New York, 1899), Illustrating the Kind of Quantitative 
Work Cooke Introduced into High-School Chemistry Teaching 


experiments presented a greater challenge to the pupil 
and the secondary school; in a later edition of The 
Pamphlet he wrote: “Except to those who have unusual 
mathematical and scientific talents, the new scheme of 
preliminary studies is a decidedly more difficult way of 
entering college than the old classical curriculum.” 

Since the cost of undertaking laboratory work was a 
primary problem for the average school system, Profes- 
sor Cooke’s list included a cost of chemicals and ap- 
paratus estimate for a class of ten pupils—$237.50. 
Some teachers, particularly in the Midwest, attempted 
to overcome the financial barrier by using inexpensive, 
everyday items as laboratory apparatus. The follow- 
ing description of the laboratory of Miss Lillie Martin, 
chemistry teacher at the Indianapolis, Indiana, High 
School in 1886, is typical of such efforts: 

Each pupil has the following: apron, rags, old newspapers, 
sticks, matches in a tin spicebox, tea-saucer for evaporating dish, 


bottles for holding extra substances, magnet made by rubbing his 
knife on a magnet, starch, salt, penny, dime, etc. A drawer at 
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the desk where he works, a rag-nail under his basin, and an apron 
hook. Water at his desk, a basin for washing apparatus, a jar 
‘for solids that might clog the waste pipe. . . . The apparatus used 
is very simple; oyster cans filled with water serve as pneumatic 
troughs; covered with sand, as sand baths. . .broken test tubes 
furnish good drying tubes, iron spoons take the place of pieces of 
platinum, and tin covers, covered with the lead that comes 
around tea, supply excellent lead dishes.5 


The effect of Cooke’s editions of The Pamphlet in 
secondary-school chemistry was almost explosive. 
They caused, undoubtedly, a minor revolution in chem- 
istry textbook writing by the turn of the century; 
in contrast, most of the previous attempts at composing 
high-school chemistry laboratory manuals appeared as 
mere miscellaneous dabblings in simple chemical reac- 
tions and qualitative analysis. The criteria for the new 
textbooks were virtually established by Cooke alone: 
a maximal use of chemical and physical theory com- 
bined with exact quantitative measuring in the labora- 
tory. In the high schools, supporters of Cooke’s ideas 
were quick to call exact weighing and measuring the 
“most profitable experience” a pupil could have. 

By 1899, most chemistry textbook writers were as- 
suming that the pupils using their books had already 
mastered the principles of algebra, geometry, and ele- 
mentary physics; quantitative measuring became a 
major part of the work done by pupils in high-school 
chemistry laboratories. (See Figure 2.) There were 
some critics, however, who viewed the situation with a 
more practical and somewhat jaundiced eye. It was 
pointed out that omitting the descriptive and qualita- 
tive aspects of chemistry and presenting only the quan- 
titative was like scooping the whipped cream from the 
strawberry shortcake. Also, the mathematical argu- 
ments, in general, were far too abstract for the class of 
minds to be reached. 

In many cases the class of minds to be reached in- 
cluded the teacher as well as the pupil. The demand 
by the university mentors for the accepting of theory 
and mathematics in high-school chemistry revealed a 
serious flaw: the lack of qualified teachers at the second- 
ary-school level. In the final decade of the 19th cen- 
tury, a majority of secondary-school chemistry teachers 
had only been exposed to one general chemistry course 
in college (that is, those who had attended college), and 
a great many had not studied beyond qualitative 
analysis. There were continued pleas in educational 
journals for the better training of chemistry teachers, 
particularly in the understanding of quantitative con- 
cepts. Competence in laboratory work, however, de- 
manded the acquisition of techniques far more spe- 
cialized than those needed, for example, for the teaching 
of physics. Moreover, as was the case with the ma- 
jority of professional men, chemists with a college degre 
found industry a far more opulent mistress than the tax- 
supported public school system. 

As the number of high schools increased rapidly dur- 
ing the period between 1900 and 1915, it became pain- 


5 Martin, L. J., Education, V7, 8, 635 (1886). 
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fully apparent that the colleges and universities lacked 
the facilities to meet the needs of secondary education 
inscience. One would suppose that the burden of pro- 
ducing chemistry teachers for the high schools would 
have fallen upon the normal schools and teachers col- 
leges. These institutions, more popular and increas- 
ing in number by 1900, served in the main, however, as 
providers of teachers for the elementary schools of the 
nation. The instruction offered in them was generally 
second-rate; for example, in a two-year course leading 
to an education degree, the average normal-school stu- 
dent studied chemistry for only thirteen weeks! The 
college and university was considered traditionally as 
the proper source of secondary-school teachers. 

In many cases, where normal-school graduates taught 
chemistry in high schools, the teaching was so poor that 
their pupils, upon admission to college (and, in most 
colleges, science was not required for admission), found 
themselves embarrassingly unprepared. This lack of 
resources for the proper training of high-school chemis- 
try teachers continued well into the third decade of the 
20th century. As late as 1916, the Superintendent of 
Schools of Wisconsin admitted that there were less than 
20 teachers in the entire state competent enough to 
teach high-school science!® 

The almost universal adoption of the inductive lab- 
oratory method in high-school chemistry by 1900 was 
inherently an American phenomenon, spurred on in a 
sense, by the peculiar optimism Americans have for 
certain “progressive” ideas. In Europe, individual 
laboratory work by students in secondary-school chemis- 
try was not emphasized. A visitor to the schools of 
Prussia in 1909 found the laboratory exercises (which 
cost the student extra) poorly attended; on the other 
hand, the textbook study of science was thoroughly car- 
ried out and the lecture-demonstration by the teacher 
was of a high degree of excellence. 


THE REVOLT AGAINST COOKE 


In 1900, under a new plan of admission at Harvard 
University, chemistry was finally accepted as an ele- 
mentary admissions course, alternate with physics. 
The laboratory requirement contained 60 experiments 
to be performed in the high-school course. As in the 
case of physics, few colleges imitated Harvard. Yale 
University, for example, did not accept chemistry or 
physics until 1910, when chemistry was placed on the 
admissions list. That year, at Yale, high-school lab- 
oratory notebooks had to be handed in; this require- 
ment was set aside in 1911 for the simpler expedient of 
certification by the high-school teacher. 

Since 1898, however, resentment against Harvard and 
The Pamphlet had increased, particularly among chemis- 


try teachers in New England high schools. The re- 


ports of the New England Association of Chemistry 
Teachers provide an excellent way of tracing this reac- 


®As quoted in Panasurn, J. M., “The Evolution of the 
American Teachers College,’”’ Columbia University, New York, 
1932, p. 57. 
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tion. The association was formed in 1897, and was 
part of a growing tendency for teachers of science to 
form organizations where ideas could be exchanged and 
problems could be mutually worked out. Within a few 
years after its birth, the New England chemistry teach- 
ers group became an active, important, educational or- 
ganization. The members were as much concerned 
with the necessity for the chemistry teacher to achieve 
competency as they were with the problems of chemistry 
teaching itself. The association kept in active touch 
with advances in chemical knowledge, both theoretical 
and practical; field trips to industrial and university lab- 
oratories were a popular part of their program. Their 
meetings were often spiced by the presence of famous 
chemists. On November 18, 1905, for example, the 
guest speaker at the 24th meeting was Professor Wil- 
helm Ostwald of Leipzig, who spoke to the group 
on “The Place of Modern Ideas in Physical and Theo- 
retical Chemistry in the High School Course of Study.” 

Unlike the physics teachers, who seemed to accept the 
dictum of the Harvard List of high-school physics ex- 
periments quite readily,? secondary-school chemistry 
teachers eventually revolted against Josiah Cooke’s 
pamphlet. Albert S. Perkins, who retired as president 
of the NEACT in 1907, noted that the revolt began 
in 1898, when two major objections were raised at a 
meeting: (1) there was not enough descriptive chemis- 
try in The Pamphlet to give life to the great mass of 
laws and theories, and (2) pupils at the high-school 
level were too immature to understand abstract princi- 
ples. In 1899, a special committee of the association 
appointed to mull over the high-school chemistry 
course were, in general, opposed to The Pamphlet. Fur- 
ther evidence of the struggle between the university 
and the association is the title of a talk given at the 32nd 
meeting by Professor Gregory P. Baxter of Harvard: 
‘A Defense of the Harvard Pamphlet.”’ 

In a 1914 address, Lyman G. Smith, third president 
of the NEACT, pictured Cooke and his successors 
as dwellers in the academic ivory tower far from the 
reality of conditions in the high school. For -~most 
secondary schools, the Harvard admission chemistry 
was too difficult, too quantitative, too mathematical, 
and too theoretical. The teachers in the schools were 
not specialists; they were used to teaching from text- 
books, and the inductive method was, for most, a be- 
wildering new world. 

In 1908, Harvard had The Pamphlet rewritten by 
Professor T. W. Richards of the chemistry faculty; this 
edition was more in accord with the ideas of most high- 
school teachers. Once Harvard had bowed to the de- 
mands of the high-school chemistry teachers, the 
NEACT devoted itself to improving methods of 
teaching and the devising and introduction of new 
demonstration apparatus. With a premature optimism 
Lyman Smith told his 1914 audience that “as time had 
passed, the secondary schools had improved their work 
in chemistry, and the colleges had been showing a dis- 
position to meet the school part way, so that the course 
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BAKING THE BREAD 269 
result, the dough “rises,” that is, it swells up because 
of the bubbles of gas that have been formed within it. 
The reason that wheat flour makes the best bread is 
that the dough which it gives is especially tenacious be- 
cause of the high proportion of gluten. Rye stands next 
to wheat in this respect. Flour from some grains will 
not make bread at all, because it does not contain enough 
gluten to make a plastic, tenacious dough. 


Fic. 82.— Doucn arrer 


243. the Dough. — After the dough has risen, 
the baker rolls and folds it, and by this process breaks up 
the irregularly sized bubbles of gas, and distributes them 
evenly through the mixture. He then shapes the dough 
into loaves, and sets them to rise again (Fig. 82). The 
fermentation continues to go on because the yeast is. still 
growing and secreting ferments in the mixture of flour 
and water. More carbon dioxide is produced and makes 
the dough rise in the pan (Fig. 83). 


244. Baking the Bread. — ‘Ihe raised loaves are next put 
into a hot oven to bake. ‘The first action of the heat is 
to expand the bubbles of carbon dioxide, and the loaf is 
made very porous or light (Fig. 84). ‘The yeast is killed, 
fermentation stops, and at the same time the alcohol and 
part of the water are vaporized and driven off. Starch as 
it exists in flour has an organized, cellular structure, in 
which form it is not easily digestible. Ii baking, these 


Fic, 83. —- Loar arrer “Risinc,”* 


Figure3. ‘Baking the Page from a ‘‘Practical’’ Chemistry 
Textbook, ‘‘Chemistry of Common Things’ (Allyn and Bacon, New 
York, 1914) 


of study now given in most high schools not only ‘pre- 
pared for life,’ but also, successfully accomplished, it 
was usually accepted for admission to college.’” 

Smith was referring to the dichotomy which had ap- 
peared in the high school at this time. Courses for 
students for whom the high school was a terminal educa- 
tion began to be based upon criteria involving voca- 
tional or practical values. There was a feeling that the 
college preparatory course in chemistry did not meet 
the needs of students who were going from high school 
directly into the business world. The new catchword 
in secondary education was: teaching in terms of 
modern life “‘as found in the pupil’s daily activities.” 
Two major stimuli for the accentuation on practical 
chemistry were: (1) the Abraham Flexner experiment 
at the Lincoln School in New York, based on a secondary 
school that emphasized science and industry above 
aesthetics, and (2) the Smith-Hughes Vocational Bill, 
passed by Congress in 1917, the same year as the 


7Smitn, L. G., Report of 50th Meeting, NEACT, April 25, 1914. 
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Flexner experiment was suggested. This law provide 
the mechanism for the establishing of new public high 
schools where the education of the pupil was oriented 
toward learning a more useful trade or for entering 
industry. 

As a result, chemistry textbooks began to be writte 
which dealt with the descriptive phases of industrial and 
agricultural chemistry and the chemistry of home eco 
nomics. In the high schools, such textbooks were used 
(and are still in use) in courses for terminal students 
particularly girls. A description of one such book fit 
most of them: 

It omits some of the “classics” of chemistry to make room for 
the more practical. This is particularly true for the first half of 
the book, the treatment of metals and their compounds being 
excised most...the atomic theory has only incidental treat 


ment...this book will help teachers see the chemistry of life 
rather than the chemistry of books. (See Figure 3.) 


The report of the Conference on Chemistry and Phys- 
ics of the famous Committee of Ten, published in 1892, 
had recommended that chemistry be required for admis- 
sion to all colleges; actually, the value of secondary- 
school chemistry as a preparation for college chemistry 
had begun to be questioned. In 1896, at a University 
of Chicago school and college conference, the following 
points were made: (1) students who had taken chemis- 
try in high school did not perform better in the college 
course than those who had not; (2) if a student excelled 
in chemistry, the reason could usually be traced to 
special aptitude or special instruction; (3) the chief 
benefit of high-school chemistry seemed to be not the 
amount of information gained by the student, but 
rather that the material given was the same, essentially, 
as that to which the student would be exposed in college. 
The same question was being asked in 1920: since most 
college courses in general chemistry were taught as 
though the student had no previous chemical knowledge, 
what should the function of high-school chemistry be? 

There were some university professors who felt that 
the university was beginning to have a restrictive ef- 
fect upon high-school chemistry teaching. Alexander 
Smith wrote in 1902, “It is much to be feared that the 
college ideals of what constitutes a genuine knowledge 
of chemistry, which are themselves much in need of ref- 
ormation, have been permitted to influence the kind 
of chemistry taught in the schools to too far an extent.’* 
The increasing academic appearance of high-school 
chemistry textbooks after the turn of the century ws 
also due to the influence of the college chemist. Gra«l- 
ually, the high-school course was being shaped to suit 
the needs only of college preparatory students. Ty 
1911, high-school teachers saw in this the creation of a 
kind of Frankenstein. The report of the Committce 
of Chemistry of the American Federation of Teachers of 
Mathematics and Natural Science in that year read in 
part: 


8 Smirn, A., AND Haut, “The Teaching of Chemistry and 
Physics in the Secondary School,’’? Longmans, Green, and Co., 
New York, 1902, p. 19. 


OLUME 


The bou 
g rapid 


he pros] 
hysical ¢ 
xam'ner | 


beral use 
entials m 
ess for St 


By 19 
W 
ry. Tk 
tudent 
stry re 


Assim 
scientif 
has be 
been p 
relief 
special 
and 
ment ¢ 
a num 
nical 
nical 
grounc 
petent 
large 1 
pertin 
cept il 
Labor 
we he 
The fe 
depar’ 
The 
than 


' Pre 
Society 


7 
> 
632 
fom 
3 
j 
i 
2 Fa 
An 
‘ 


UCATIO 
OLUME 33, NO. 12, DECEMBER, 1956 


provide 
ublic high 
oriented 
entering 


The boundaries of chemical knowledge are widening with alarm- 
g rupidity. The high-school teacher is becoming alarmed at 
he prospect. Theoretical, descriptive, analytical, organic, 
hysical chemistry all clamor for treatment, and the college 
xam'iner is prone to echo this demand in his requirements. A 
beral use of the pruning knife is pressingly needed. Only es- 
ontiuls must be left, unless we are willing to sacrifice thorough- 
ess {or superficiality. 


Writte 
strial and 
eco 


vere used By 1920, many of the questions asked a half-century 
were still being asked about high-school chemis- 
ry. The value of individual laboratory work by the 
tudent was still being questioned. The place of chem- 
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DEVELOPMENT’ 


Assimination of the great volume and variety of 
scientific information available to the research worker 
has been a matter of concern for some time. It has 


zat b been pointed out that specialization once afforded some 
iy nl relief but that the need now is for contact between the 
f that specialists.? One solution to this problem of handling 
a ok and communicating information lies in the establish- 
ihc - ment of a science information group. There have been 
ener a number of papers in recent years on the role of tech- 
heii nical information officers and the organization of tech- 
nical information services.*: 4.5.6 On theoretical 
kind grounds, the concept is a sound one of selecting com- 
ont.” petent scientists whose prime function is to digest the 
a. ; large volume of technical data and select therefrom the 
eno" | pertinent material. The difficulty is to put this con- 
YS | cept into actual practice. At Smith, Kline and French 
raul Laboratories, a pharmaceutical manufacturer, we feel 
haus we have found a working approach to the problem. 
: Y | The following will explain how our science information 
1 Ol department operates. 
uttce | ‘The origin of this department goes back a little more 
a : than a decade, at which time the nucleus of the present 
' Presented at the 129th Meeting of the American Chemical 
— — f Society, Dallas, April, 1956. 
y and ? FaRRADANE, J. E. L., Research, 6, 327 (1953). 
Co, ’ FaRRADANE, J. E. L., J. Roy. Inst. Chem., 78, 299 (1954). 


‘ Egerton, A., Aslib Proc., 4, 113 (1952). 
5 Anonymous, Nature, 169, 595 (1952). 
McCanp tess, J. B., Proc. R. E., 40, 664 (1952). 
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high school had not yet been determined. In a majority 
of cases, the high-school chemistry course for the college 
preparatory student remained a miniature copy of the 
standard college elementary course, but included large 
amounts of descriptive chemistry. On the other hand, 
the terminal high-school pupil was exposed to a “‘prac- 
tical” chemistry course where mention of chemical 
theory and mathematics became tabu, and whose 
laboratory manuals often measured quantities by spoon- 
fuls instead of cubic centimeters for simplicity. There 
seemed to be no agreement among chemistry teachers, 
both in the high schools and in the colleges, as to the 
content and methods of high-school chemistry courses. 


THE ROLE OF A SCIENCE INFORMATION 
DEPARTMENT IN INDUSTRIAL RESEARCH AND 


HENRY C. LONGNECKER 
Smith, Kline and French Laboratories, 
Philadelphia, Pennsylvania 


group was assembled. As the accompanying chart 
indicates, this department is one of four in our research 
and development division. 


Research and Development Division 
Smith, Kline and French Laboratories 


Laboratories Medical Science Administration * 
| 
| Biological | | 
Section | Section | 
Section | Section | 


PARTICIPATION IN PROJECT TEAM ACTIVITIES 


In both our research and development activities, we 
believe in the team approach. Thus, a typical project 
team consists of a representative from each of the four 
departments, though it is not unusual for the lab- 
oratories department to have two or three representa- 
tives. Each team member is responsible for drawing 
on the facilities of his department. 

By virtue of the particular organization of our science 
information department, we believe that here the 
literature scientist is in a strategic position to play a 


= 
[ Division Head 
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major part in the project team functions. Certainly 


project team is not unique with us, but we believe that 
the degree to which the science information department 
members participate in such functions is one of the out- 
standing features of our operation. This high level of 
activity is due to the centralization of scientific in- 
formation in the department and the qualifications of 
the individuals responsible for processing the data. 

All of the technical information (experimental and 
clinical) accumulated on a given project is passed along 
to the science information department representative on 
the project team. In addition, he draws upon an un- 
usually broad source of published information, some 
of which is directly related to the project at hand, but 
much of which may be only peripherally related. This 
means that the science information department mem- 
ber has at his fingertips more data than anyone else on 
the project. He is therefore in a most favorable posi- 
tion to contribute information of importance that might 
otherwise be overlooked. Incidentally, most of these 
contributions are made in the course of his informal, 
day-to-day association with his fellow team members. 
Project functions such as the preparation of back- 
ground reviews and product submissions are on a more 
formalized basis. 


QUALIFICATIONS FOR SCIENCE INFORMATION 
PERSONNEL 


It has been pointed out that special librarians may 
lack necessary scientific training.’ What we want, 
primarily, are research scientists who have some post- 
doctoral laboratory experience but are not “wedded” 
to the bench; who have as broad a scientific training 
and background as possible; who are interested in a 
wide range of subjects; who have a flair for writing and 
generally have the gift of clear expression; and who 
wish to work with literature and not in a laboratory, 
but on equal terms with their laboratory and clinical 
associates. In short, our science information depart- 
ment representatives are not laboratory chemists who, 
out of frustration, have quit the bench, but are well 
trained scientists who work with literature by prefer- 
ence. 

While on the subject of qualifications, one more point 
needs to be made. In our experience the impact our 
literature scientists make on research and development 
activities largely depends upon how strong their lines 
of communication are with the rest of the division and 
other appropriate parts of the company. We are in 
hearty agreement with the statement that there is no 
substitute for personal contact and the resulting cross- 
fertilization of minds. Therefore, in screening candi- 
dates we put even greater emphasis than in the labora- 
tory on selecting persons who can get along well with 
other scientists and are adept in securing cooperation 
between individuals. 


7 FaRRADANE, J. B. L., Lab. Practice, 2, 322 (1953). 
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OPPORTUNITIES FOR CREATIVE RESEARCH 


A fairly large portion of the literature scientist's 
work is at the service level where he soon develops the 
know-how for both literature searching and analyzing 
data. As a result, he perhaps is able to do more eco- 
nomically what would otherwise have to be done by his 
laboratory and clinical colleagues. This skill is now 
generally recognized throughout the research and de- 
velopment division, and the assistance of the science 
information department representative is sought to an 
increasing extent. 

Beyond this, the literature scientist has an excellent 
opportunity to come up with new ideas. As compared 
to the bench man whose reading interests may be rather 
specific, the literature scientist is exposed to a wide 
spectrum of information. Thus, with a realization 
that the key to the solution of many problems may lie 
buried in the literature, he is in a most advantageous 
position to secure these new ideas. It is therefore not 
surprising that in the past few years our science in- 
formation department has produced a fairly steady 
flow of ideas on new products and improvements in 
methods for research and development screening. 
Constant and critical evaluation of pharmacological 
methodology in the literature is carried out in order to 
improve presently used techniques. 

Science information department members receive 
communications from every part of the company. 
Consequently they are often more aware of what is 
going on than the laboratory worker. This broad ex- 
posure gives our literature scientists a unique position 
within the division. Our experience has confirmed the 
postulate of Farradane* that the science information 
profession would eventually prove as good a stepping- 
stone as any other for promotion to higher positions 
of a scientific-administrative nature. Another rather 
attractive opportunity is the coverage of scientific 
meetings, both here and abroad. Finally, we realize 
that publications are a source of prestige and a recog- 
nition of scientific status, and we therefore encourage 
publication by our members. 


DEPARTMENTAL ORGANIZATION 


In the past four years the science information de- 
partment has more than tripled in size so that it now 
has over 60 members. When we had once assembled 
a nucleus of individuals who were well accepted by 
their laboratory and medical colleagues, we were able 
to break down traditional barriers and open up lines 
of communication to every part of the division. In 
this way the science information department. repre- 
sentatives became the alter egos of both the men at the 
bench and the clinical staff. Here it should be em- 
phasized that we are aware of the importance of the 
bench man doing his own reading. The activities of 
science information department representatives are 
meant to supplement, never to replace, this important 
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aspect of the individual laboratory investigator’s 
routine. 

The sectional organization of the department is 
shown in the preceding chart. The seniors restrict 
their efforts to project team and other activities calling 
for. Ph.D. background: the juniors do much of the 
actual literature searching where some technical back- 
ground (usually a Master’s degree or equivalent) is 
required. 

The “port of entry” for the department is the docu- 
mentation section. This section, more than the others, 
is primarily concerned with the usual routines of 
handling information and, as such, is the storehouse for 
all data collected within the department. Unlike the 
other three sections, the members of this group are not 
directly involved in research and development project 
activities. The section is headed by a chemist with 
considerable biological orientation who has a practical 
knowledge of the information requirements through- 
out the company. The organization is shown in the 
folowing chart. The section is divided into three 
units: 

Science Information Department 


Research and Development Division 
Smith, Kline and French Laboratories 


@ Documentation Section 


[ Section Head 
Information | Documentation Service | Document Analysis | 

Library Files 

| 

| 
1 Senior Librarian Clerks 1 Senior 
Juniors Library Assistants Juniors 
Clerks 


Clerks 
the information unit, which serves as a clearing house 
for miscellaneous technical queries; the documentation 
service unit, headed by the librarian; and the docu- 
ment analysis unit, which centralizes the indexing and 
does abstracting. The juniors in this last-mentioned 
unit are trained primarily as documentalists rather 
than scientists. When documents arrive in the de- 
partment, their importance is evaluated by the seniors 
in the other sections, and pertinent material is passed 
along to this unit for indexing and abstracting. Thus 
250 journals are screened each month at a senior level 
and then coded and abstracted at a junior level. 
A biweekly Literature Information Bulletin and a bi- 
weekly Patent Abstracts Bulletin are issued. This unit 
uses machine methods to process data that are either 
too extensive or too complex to be handled effectively 
manually, such as: clinical case reports, stability data, 
structure-function data. 
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The physical sciences section is staffed by four 
Ph.D.’s in organic chemistry, assisted by juniors. 
Within this section, one senior is in charge of a foreign 
information services group. This group provides the 
medicinal chemistry and patent sections with pertinent 
information and also supplies research management 
with background data and intelligence items on 
foreign industrial concerns and products. They also 
assist those who are responsible for acquiring and 
maintaining scientific contacts abroad. All transla- 
tions for the division are handled in this group. A 
second senior member of this section is responsible for 
liaison with the medicinal chemistry laboratory section. 
A third senior is in charge of a structure-function cor- 
relation unit. 

The predominant function of the eight seniors of the 
biological sciences section is to serve as members of the 
research program and development project teams. 
These individuals are biochemists, physiologists, or 
microbiologists and possess particular training or ex- 
perience in a given field such as endocrinology, nutri- 
tion, and neurology. Generally speaking, they main- 
tain close liaison with their colleagues in associated 
disciplines in the laboratories and are assigned to proj- 
ect teams for which their backgrounds best suit them. 
More than anywhere else in the department, seniors in 
this group best typify the role of the literature scientist 
in project team activities. 

The section most recently established is the statistics 
section which has gained company-wide acceptance of 
its services in less than two years. Part of this success 
can be attributed to the close association of the senior 
statisticians with the department representatives on 
the project teams. The statistics group also works 
closely with the medical department. For example, 
case report forms used in clinical investigations are de- 
signed by a psychologist in this section. Finally, this 
group provides a computing service for the division and 
company. 


ECONOMIC CONSIDERATIONS 


The department just described offers an excellent 
means of coping with the present flood of technical 
data. Companies find themselves in an increasingly 
competitive research situation at a time of serious short- 
age of technical manpower. The research manager 
must get more research results per professional re- 
searcher.’ The department I have just described helps 
to solve this problem. Such a group makes it possible 
for the bench scientist to operate at peak efficiency. 
Furthermore, by using the available technical informa- 
tion as a tool, a science information group can con- 
tribute more quickly and at far less expense to the re- 


‘search and development effort. 


8 Kasrens, M. L., Chem. Eng. News, 32, 302 (1954). 
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* AN EXPERIMENT IN CHEMICAL EDUCATION: 
AN HONORS COURSE IN ANALYTICAL 


CHEMISTRY 


Tue past few years have witnessed a great awakening 
in the public as a whole to the problems of education. 
The influx of the ‘war babies’ into the public schools 
has already strained the resources of the elementary 
schools in space and personnel to the breaking point. 
Attempts to cope with the situation require the ex- 
penditure of large sums of money which must be drawn 
from the taxpayer’s pocket, hence his keen interest in 
the problem. President Eisenhower’s White House 
Conference on Education last November indicates the 
national scope of the problem. 

The colleges and universities are also beginning to 
feel the pressure. In New York State, for instance, 
the present academic year shows a five per cent in- 
crease in college enrollment over the previous year, 
and freshman registrations are up 15 per cent in the 
same period. With characteristic American determina- 
tion that education be available to all, and with the 
also characteristic American genius for energetic action, 
the situation has been recognized, forecasts have 
appeared, and computations have been made of the 
magnitude of the problem. 

There is another aspect to this problem, however, 
about which much less is heard. It should not be 
forgotten that a bigger educational program is not 
necessarily a better one. The necessity of coping with 
large numbers of students should not result in the 
formalizing of our methods of instruction to such an 
extent that the unusually gifted individual is given 
little or no chance to think for himself, to display his 
own initiative, curiosity, or innate creativity. This 
concern should be felt most keenly in our institutions 
of higher learning where the concentration of gifted 
individuals is presumably at its greatest. 

To focus the view of the problem as a whole on a 
problem which is of major interest to the readers of 
THIS JOURNAL, consider the situation in undergraduate 
chemical education in our colleges and universities 
today. Those who have been a part of the chemical 
academic world for the past quarter of a century 
have faced the two-fold problem of magnitude caused 
by a steady increase in the number of students who 
must study chemistry and, concurrently, a steady 
and enormous expansion of material, factual and 
theoretical, which may be considered to belong in the 
field of chemistry. Classes have become larger and 
larger, and so have the textbooks. A large number of 
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students (in some cases hundreds) may be instructed 
simultaneously by one teacher, usually a mature pro 
fessor, who is adept at digesting a considerable portio 
of the text in one session and presenting it in a for 
readily assimilated by the students. This large lectur@ y,+ as 
group may then be divided into smaller groups off increa 
quiz sections in which the lesson may be further ex4need for 
plained by the instructor, or more often in which theaxy wh 


student may be required at frequent intervals to recitd ws ahs 
what has been given to him previously. This systenf they d 
may be not only the most economical, but also thefto devele 
best one to insure adequate and uniform treatment of afeducatior 
large amount of material. It may be the best methodf 4. |, 
for the average or even the poorer student, but whaifeachin, 


about its effect on the better student, on the small. ithor | 
Jeaven of gifted students found in almost every class’f., his ¢] 

If the professor who lectures is skillful and if thd.ng chs 
course is well organized with sufficient evenly spaced§.+ dent; 
quizzes to insure regular and routine student study, the, prog 
gifted individual often finds it comparatively easy th ojocted 
ride along. His only incentive is apt to be a desire to option 
win an A. The grade rather than the subject becomes) org 
his major interest. The teacher also tends to judgehyith gr; 
his course by the criterion that if the grades “fit thef.... yee 
curve,” the course must be all right. There is a feelinghthe pro 
that the course is well organized for the “average, yes 
student,” that some thought and attention should bef 1, aj 
given to the poor student, but that there is no need tofpwonty 
worry about the really good student. He got an A; in by the 
fact he will get his A no matter what the method offi givid 
instruction. The nu 

There is a growing realization among educators that respons 
both the superior student and the society which hej) mit 
will serve suffer from such an attitude. The studentfii5.9) 
is not challenged to develop his perhaps unusual 
powers. Society is denied the benefit of the full]/DESCR: 
development of those powers, or it must wait for later] coer 
development caused by the challenges of life beyond profess 
college halls. Here is a real problem for our institutions} 9... dua; 
of higher learning. There is good evidence that 4]. qen4 
large majority of the leaders in all walks of life dis- analyti 
played their superiority at a comparatively early age,}ahorat 
and society is justified in expecting that our educational} 
system, especially at the college level, will do its utmost}},,, no 
to provide a climate which will challenge, stimulate, 
even excite the best minds of youth to maximum 
achievement. 
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Recently a number of leaders in education, industry, 
government were asked the question, “What do 
ou Wish most for our colleges and universities in the 
oming year?” Their replies are given on the educa- 
jon page of the New York Herald Tribune of January 1, 
1956. The one by John W. Gardner, president, Carne- 
gie Corporation of New York, is significant. 


In facing the difficult years ahead, I wish that American colleges 
and universities may have the courage to experiment freely with 
new approaches to education and, most of all, with those ap- 
proaches which will insure a concern for the individual and for the 
structed imum growth of which each American youngster is capable. 

cted 


ure prog In the official “Statement of Policy by the A. C. S. on 
> portiomgMatters Relating to Education”! there appear these 
1 & forngwords: 


e lecture Yet as the privilege of formal education has been extended to 
‘OUPS Offan increasing number of people, appreciation of the value of and 
ther ex4need for a disciplined and rigorous education has decreased. 
hich thefMany who now crowd our schoolrooms are capable of absorbing 
to recita better training. They do not do so because of lack of motivation 

for lack of opportunities. Parents and teachers alike are at fault 
| System they do not vigorously and enthusiastically urge every pupil 
also thelto develop his mental growth to the utmost. Road blocks to 
ent of afeducational opportunities must be eliminated. 
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As long ago as 1942, and after some 20 years 
aching first- and second-year college chemistry, the 
author came to the conclusion that the best students 
y class'fn his classes were not receiving the individual attention 
1 if thing challenge that was their due. At that time his 
Spaceditudents took two semesters of analytical chemistry. 
dy, the, program was developed in which a small group, 
easy tH clected at the end of the first semester, was offered the 
esire thontion of taking the second semester’s work on an 
ecome#honors basis. This program was tried out in 1942 
: dude with gratifying results. After an interval including the 
t the var years and those of the post war influx of veterans, 
feeling the program was reinaugurated and continued during 
years 1951-54. 
bel all, 27 students have taken this course. 
need to Twenty-six of them responded in writing to an appeal 
by the author over a vear ago for evaluation by each 
individual of his (or her) reaction to the experience. 
The number, and also the enthusiastic nature of these 
responses to his appeal, have encouraged the author to 
submit this article as a report of an interesting educa- 
tional experience. 
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r latett Selection of Students. Students were selected by the 
yrofessor and his staff including both professors and 
ution} eraduate assistants. The basis of selection was the 
hat 3 student’s achievement during the first semester of 
fe dis- analytical chemistry both in the classroom and in the 
y 426 tlaboratory. 


sae A majority of the students chosen were A students 
1: but not all. In the selection much emphasis was put 


on the evaluation of the student’s ability to work on 


IMUMFhis own initiative. This trait is best observed in the 
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laboratory, and consequently the laboratory assistants 
were most helpful in making the selections. Usually 
six students were chosen, and three alternates (rated 
1, 2, and 3). The nature of the course was explained 
to the six. If any of them did not care to try the ex- 
periment (this happened a few times) the alternates 
were given a chance in order of rating. The selection 
was less than ten per cent of the 75-140 first-semester 
students. 

Lectures. Originally, attendance at lectures was 
optional for “honors” students. Experience has shown 
that less than one-third of these students attended 
lectures regularly, and that the majority ignored the 
lectures completely. Beginning with the present 
academic year, formal lectures to large groups of 
students have been eliminated from all analytical 
chemistry courses at the Institute so that, in the future, 
lectures will play no part at all in any honors program. 

Laboratory. Students were assigned to two regular 
three-hour laboratory periods a week (the normal course 
requirement). Laboratory assignments for the course 
were the same as those given to the students in the 
regular course. 

Students were encouraged to make use of the labora- 
tory facilities at any time during regular school hours, 
namely, from 8 a.m. to 5 p.m. five days a week. In 
general these students availed themselves of this 
opportunity, with the result that they completed any- 
where from ten to thirty per cent more determinations 
than students in the regular course. Procedures for 
these extra determinations were assembled from the 
literature in the departmental library by the students 
themselves who were, however, required to submit 
them to the professor for criticism and possible modifica- 
tion before use in the laboratory. 

Recitations. Students did not meet in any of the 
regular recitation sections. 

It should be emphasized that students were not 
required, in fact no opportunity was given to them, 
to recite for grading purposes what the professor had 
given them or what they had taken out of texts or 
other literature. 

Weekly Class Meetings. Students met regularly as a 
group, once a week with the professor in his office for 
consultation and advice. 

The first weekly class meeting was devoted to a 
discussion of the course content and of the sources of 
information in texts and other literature available in 
the departmental library. Later meetings were held 
primarily for the purpose of assisting the students with 
problems, numerical or otherwise, which they had 
encountered. Problems were not posed by the pro- 
fessor, but by the student. If the students had not 
studied, no problems had been encountered, no ques- 
tions were asked, and the class was dismissed. This 
situation usually arose once, and once only, with each 
group of students. Two of the later class meetings 
were devoted to a discussion of the term paper as 
described below. 


) 2 
| 


Term Paper. One term paper was required of 
each student on a subject of his own choosing. 


It should be remembered that the students had taken’ 


one semester of analytical chemistry. Presumably 
they had some basis for choosing a topic in that field 
in which they would be sufficiently interested so that 
they could be encouraged to survey the available 
literature, and then to discuss the subject in a term 
paper of 2500-3000 words. About midway in the 
course, then, the students were required to present 
topics for approval. Following that, one of the weekly 
sessions was devoted to a discussion of the approved 
techniques for the. organization and presentation of 
written technical material. This discussion was con- 
ducted by Professor Chris Sanford of the department 
of English at Rensselaer, and was most admirably 
done in a genial but also a rigorous and scholarly 
manner. About one month was allotted to the prepara- 
tion of the papers which were then reviewed by the 
professor, and by Professor Sanford. The papers, 
liberally spotted with comments and criticism in red 
and green ink, were then returned to the students 
who were usually somewhat horrified at the cavalier 
manner with which their literary efforts had been 
treated. Another weekly class session was accordingly 
devoted to a defense by the professor and by Professor 
Sanford of their sometimes caustic comments. At 
this session Professor Sanford also reviewed the over- 
all results of the project, and took advantage of the 
occasion to stress some of the general principles of 
the writer’s craft by pointing out the student’s errors of 
omission as well as commission. 

Examination. A final, comprehensive, written ex- 
amination was given at the end of the course. 

Several different types of examinations were tried: 
closed book, open book, and a combination of the two. 
In the first year, the conventional, comprehensive, 
closed book, essay type required not three, but five 
hours for completion. This type of examination was 
eventually discarded in favor of one in three parts: 
a closed-book portion, an open-book portion to be done 
in the library, and an open-book numerical problem 
portion. Students were given the examination a week 
in advance of the due date, and no time limit was set. 

Grades. The only so-called theory grade was that 
res ‘ting from the final examination. Laboratory 
det.rminations were graded, and the grades recorded in 
the usual manner. The average of these laboratory 
grades was then averaged with the examination grade 
to furnish a final grade for the course. 

A sincere attempt was made to minimize any em- 
phasis on grades, although the prospective students, 
who might be expected to win A grades in the regular 
course, were warned that it might be more difficult to 
do so in the honors course. An equally sincere effort 
was made to eliminate factual retention as the major 
criterion of grade achievement. Laboratory analyses 
require more know-how than know-what, and demand 
more coordination of hand and mind than brute 
memorization. It will further be noted that only one- 
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third of the final examination is a closed-book ‘test, 
It is difficult to eliminate grade consciousness in 
students, but one of the most rewarding aspects of the 
work has been the almost complete absence of this 
consideration. 


EVALUATION OF THE COURSE 


Some statistics should be presented first. In all, 
30 students were offered the opportunity to take the 
course, three of whom turned it down. Two of these 
three were chemical engineering students (very superior 
ones) who were frank to admit that they did not wish 
to spend the additional time, which they believed would 
be necessary, on a course not in their major field of 
study. The third one, a chemistry major, did not 
feel that he would profit from the independence, 
the absence of routine, of the honors course. These 
reasons were somewhat disturbing, but no attempt was 
made to influence the students to change their minds. 

Of the 27 who elected the course, 22 had obtained 
A and five had obtained B in the regular course of the 
first semester. The distribution of grades in the 
honors course was 15 A and 12 B. Seven students 
may have suffered a loss of a grade point by submitting 
themselves to the new, unfamiliar regime. It may be 
seen that the course is not a device for insuring maxi- 
mum grades. Ideally, this should be a matter of 
small concern, but actually the situation poses a 
problem. Students are forced, by the pressure of 
circumstances beyond their control, to be excessively 
grade conscious. In spite of protestations to the 
contrary, admittance to graduate school, selection 
for employment, NSF awards, election to honorary 
societies, in fact most of the rewards of a successful 
undergraduate career depend to a large degree on a 
grade record of achievement. This is not an altogether 
healthy situation. It is a tribute to the courage of the 
27 students who elected this course that they did so 
knowing that they might suffer thereby in their credit 
point grade average. It is also a challenge to the 
teacher that he seek some other means than the fear 
of low grades to spur his students on to greater and 
greater achievement. 

After teaching a course in essentially the same manner 
for a number of years, one is apt to become restive, to 
wonder if some changes for improvement are not in 
order. This was the state of mind of the author in 
the late spring of 1954 after giving this course five times. 
It seemed obvious to the author that, since the course 
had been an educational experiment, the best way to 
evaluate the results would be to seek the opinions of 
the students who had submitted themselves as the 
guinea pigs, so to speak, for the experiment. Letters 
were accordingly sent to the 27 ‘‘alumni’”’ of the course 
in which the author stated the purpose of his request, 
and asked for cooperation. A quotation from the 
letter will indicate the nature of the appeal. 


I do have records of achievement in course. ... From these 
records and from my own impressions, I could make quite a story, 


VOLU. 


but it’ 
jective 
studen 
be 
you th 
at it. 

knowle 
in wha 
on you 
your t 


Th 
Twen 
appes 


feelin 
cours 
hono: 
from 


what 


The 
was tl 
at col 
at a ti 
numb 
resear 


Fra 
of pri 
wond 
when 


my 0 
bread 
IBM 


638 
opinic 
the r 
‘ 
is 
h {i 
e 
quote 
: 
nse 
now 4 
Tr 
intar 
must 
belie 
also 
pleas 
teres 
his 
adva 
must 
only 
(2 
cour 
facti 
cour 
ue ing 1 
is re 
nost 
ques 
taki 
ques 
son 


JCATION 


0k test, 
sness in 
ts of the 
of this 


In all, 
take the 
of these 
superior 
10t wish 
d would 
field of 
did not 
ndence, 

These 
npt was 
minds, 
btained 
e of the 
in the 
tudents 
mitting 
may be 
maxi- 
tter of 
a 
sure of 
ssively 
to the 
lection 
norary 
cessful 
e ona 
»gether 
of the 
did so 
credit 
to the 
1e fear 
er and 


nanner 
ive, to 
not in 
hor in 
times. 
course 
vay to 
ons of 
us the 
setters 
coul'se 
quest, 
n the 


these 
story, 


VOLUME 33, NO. 12, DECEMBER, 1956 


but it would undoubtedly be prejudiced, and not entirely an ob- 
jective statement of the situation. I need to know what the 
students themselves think of the experience in retrospect. To 
be specific, please be frank and honest with me and tell me what 
you think of that course now that you look back over the years 
at it. I am not so interested in your impressions of the factual 
knowledge that you remember, but I am very much interested 
in what you think of the experience of being thrown very much 
on your own independence and initiative at that early stage of 
your technical career. 


The response to this appeal was overwhelming. 
Twenty-six replies were received, without any follow-up 
appeals. The replies were indeed “frank and honest”’; 
opinions, and criticisms were freely given. Some of 
the replies ran to three typed pages. The following 
is a series of observations resulting from a study of 
the file of these letters fortified with occasional direct 
quotations. 

(1) The replies were unanimous in expressing a 
feeling of satisfaction in being chosen for the honors 
course. It was not so much that the students were 
honored, but that they were pleased. Two quotations 
from students in two different classes will illustrate 
what is meant here. 


The opportunity which you gave me to take part in this course 
was the first and most important encouragement that I received 
at college in my scientific and technical development. It came 
at a time when such encouragement was most valuable to me for a 
number of reasons, professional and nonprofessional. [From a 
research engineer] 


Frankly and honestly the only remembrances I have are ones 
of pride and independence. The feeling of independence is a 
wonderful thing, and every now and then I have felt it, ... once... 
when I was finally allowed to learn what I wanted to know and at 
my own speed. I am not trying to be nice and put jam on the 
bread when I say that it was great not to be another number on an 
IBM machine doing what every other number was doing. The 
sense of individuality is a real asset. [From a graduate student 
now at another institution] 


Truly, the rewards of teaching may be sometime 
intangible, but nonetheless real. A discordant note 
must be sounded here, however. There is reason to 
believe that the one student who did not reply was 
also pleased with his selection, but he showed his 
pleasure in an unpleasing manner. Being much in- 
terested in student and fraternity activities, he used 
his freedom to further those interests to the dis- 
advantage of his work in analytical chemistry. It 
must be concluded that in this case (and in this case 
only) the experiment, was definitely a failure. 

(2) The great majority of the replies were en- 
couraging in that they expressed the students’ satis- 
faction with the benefits they had received from the 
course. In perusing the correspondence, it is interest- 
ing to note that the older the man, e. g., the farther he 


is removed in time from the experience, the more: 


enthusiastic his reply. Whether this results from 
nostalgia or better perspective is an unanswered 
question. The members of the oldest group (those 
taking the course in 1942) were asked an additional 
question in the author’s appeal. “If you ever have a 


son who is offered a similar choice, that is, between a 


routine course or an independent honors course, what 
would you advise him to do, and why?” The answers 
to this question were interesting. Portions of two are 
quoted below. 


If I had a son faced with the possibility of taking such a similar 
course in place of a routine course, I would offer advice which 
would be dependent upon his ability and interest as a student. 
For a poor or rather disinterested student, I think that the disci- 
pline in the routine course is mandatory; if he were a good or 
superior student and if he were reasonably interested in the work, 
I would not hesitate to recommend the independent Honors 
Course. [From an associate professor in another institution in 
which he is chairman of the academic honors committee] 


One of the most important things that we acquire in our educa- 
tion is the ability to think for ourselves. This ability can only be 
acquired by working on our own, and I think that a course of the 
type which you offer is exceedingly valuable. If my son... were 
offered such a course I should certainly advise him to take it. 
[From a research metallurgist] 


(3) Three persons stated that they enjoyed the 
course but that it did them no particular good or harm. 
They are accustomed to work anyway, with or without 
the prod of routine or quizzes or other stimulus. 
Fortunate people! 

(4) Three persons (not the same as above) ques- 
tioned the value of the course since it constituted such 
a small part of the total undergraduate experience 
that its effect was lost in the general environment. 
These three recommended, not that the course be 
discontinued, but that others should be added. This 
is significant. One quotation will illustrate the point. 


Recalling my experience with the Honors Course in Quant. II in 
my sophomore year, I feel that much can be gained by a student 
through such a course and similar courses. I think, however, 
that much more can be accomplished by a series of such courses 
beginning in the sophomore or even freshman year and continuing 
through the senior . . . . I must admit that I did not take complete 
advantage of the Honor Course in Quant. II when I took it two 
years ago; however, after being introduced to this different way 
of learning, I am sure that I would have gotten much more out of 
similar honor courses that followed. 


(5) A few persons included in the two previous 
groups mentioned above would have preferred a greater 
challenge by the teacher. Here is the real difficulty. 
Ideally, the teacher should provide a challenge, not a 
whip, but sometimes it is difficult for both the teacher 
and the student to distinguish between the two. 
One thing is certain. Classes must be kept small in 
honors courses. One semester’s experience with a 
class of eight convinced the author that six is definitely 
the maximum that should be permitted in one class. 
Another thing is certain. Teaching an honors course 
is stimulating and rewarding, but it is also arduous 
and time-consuming if the job is to be done well. 
Within the normal academic routine, an ordinary 
professor’s sphere of action in this field is definitely 
limited. 

(6) Many of the replies gave definite suggestions 
for improving the course. Here are a few samples: 

(a) Meet twice a week instead of once. 

(b) Require several term papers instead of one. 

(c) Meet in a formal classroom instead of in the 


640 


professor’s office. This suggestion came, significantly 
enough, from a member of the class of eight mentioned 
above. 

(d) Require each student to present at least one 
formal lecture to the rest of the class during the 
semester. 

These suggestions are refreshing in the enthusiasm 
they reflect. It may be noted, however, that they all 
tend to increase the formal requirements of the course. 


CONCLUSIONS 


Honors courses are one means of stimulating the 
superior students in our colleges and universities to 
greater intellectual achievement. The difficulties, 
pedagogic and administrative, in providing such 
courses are many. This paper is a report of one 
attempt in the field of analytical chemistry which was 
successful. The author was convinced of this fact 
when, in a conversation with one of the alumni of the 
course, now a business executive, the former student 
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said, ‘It was in that course that I first realized that 
I could get more out of a course than the professor had 
put into it.” If the difficulties are great, so are the 
rewards. The subject requires further study and 
continued effort. Comments are invited. 
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* TRANSFER TUBES AND TUBE OPENER 


Tue introduction into a reaction vessel of volatile 
substances which are affected by moisture, e.g., SiCl,, 
TiCh, VC, is often carried out in vacuo by magneti- 
cally breaking a very thin-walled bulb containing the 
substance. The following modification of this tech- 
nique has been found to be more satisfactory. 

We have used the sturdier and more easily made 
storage tubes illustrated in part a of the figure. Only 
one is shown; several may be connected to a manifold 


(b) 


Transfer Tube (a) and Breaker Vessel (5) 


GERALD W. A. FOWLES and CHARLES M. PLEASS 
The University, Southampton, England 


and filled together. The small tubes, which are made 
from 34 mm. diameter Pyrex tubing, have two con- 
strictions, one (A) with thick walls for subsequent 
sealing under vacuo. The tubes are evacuated, flamed 
out, filled, and sealed off at A in the usual way. When 
the substance is required for a reaction, a tube is 
scratched with a file at the constriction B, and placed 
in the breaker apparatus (part b of the Figure) with 
the breaker K resting on the constriction. There is 
little danger of the sealed tube breaking during the 
usual preliminary flaming out under vacuum since its 
walls are of normal thickness. The breaker is filled 
with lead shot rather than soft iron, so that instead of 
lifting the breaker with a strong magnet, the breaker 
apparatus is inverted by twisting slowly about the 
ground joint M when the breaker slides gently away 
from the sealed tube. A second, more rapid twist 
about M returns the apparatus to the vertical position 
and causes the breaker to drop sharply onto the 
scratched constriction and snap the tube into two 
parts. A small amount of glass wool, N, absorbs the 
impact of the breaker on the bottom of the breaker 
vessel. The breaker vessel is pushed in, in two or 
three places (P) near ground joint M, since other- 
wise the one portion of the sample tube is liable to be 
forced into the ground joint, and very effectively pre- 
vent the volatile substance from being distilled away 
from the breaker vessel. 
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Loan Association, River Edge, New Jersey... . . 
Seven (7) U. S. Savings Bonds, Series G, $1000. ea. 
Nos. M: 5560890G, 5560861G, 5560855G, 
5560856G, 5560857G, 5560858G, 5560859G, de- 
posited with Robert V. Mellefont, Treasurer, 
Amer. Chem. Soc., 1155 16th Street, N. W., 
Washington 6, D. C. Maturing 6/1/59....... 
Four (4) U. S. Savings Bonds, Series G, $1000. ea. 
Nos. M: 5855176G, 5855177G, 5855178G, 
5855081G, (deposited with R. V. Mellefont as 
above). Maturing 4/1/60................... 
Four (4) U. S. Savings Bonds, Series G, $1000. ea. 
Nos. M: 7280064G, 7280066G, 7280067G, 
7279936G, (deposited with R. V. Mellefont as 
above). Maturing 12/1/61................... 
Three (3) U. S. Savings Bonds, Series G, $1000. ea. 
Nos. M: 7438009G, 7438010G, 7437661G, (de- 
posited with R. V. Mellefont as above). Matur- 
Eight (8) U. 8. Savings Bonds, Series K, $1000 ea. 
Nos. M: 399072K to M: 399079K (deposited 
with R. V. Mellefont as above). Maturing 


VISITING SCIENTIST ACCOUNT 


Receipts: 
From National Science Foundation. . 
Refund from colleges. ............. 


$20, 000.00 
457.49 


Expenditures: 
For Visiting Scientists............. 
For administration................ 


4,242.35 
1,300.00 


Cash balance on hand: 
Special account, First National Bank, Oradell, New 


$ 3,315.56 


$ 5,887.35 


7,000.00 
4,000.00 
4,000.00 
3,000.00 


8,000.00 


$31, 887.35 


$20,457.49 


$14,915.14 


Wo. F. Eurer, Treasurer 
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Proceedings of the 


Wrrs rue recent incorporaton of the new Harvey 
Mudd College (engineering) in the group of colleges at 
Claremont, California, a bold new step was taken in 
the current effort to produce additional scientific leader- 
ship. The drive for the development of this college 
came largely from a group of highly successful engineer- 
trustees. It was established with the generous as- 
sistance of the family of the late Harvey S. Mudd, 
internationally known mining engineer. It was 
founded in the belief that a special need exists for 
physical scientists and engineers who are broadly 
trained in the social sciences and humanities so that 
they may assume technical responsibility with an un- 
derstanding of the relation of -technology to the rest of 
society. 

To head this new venture the Board of Trustees has 
wisely selected the young (40), able, experienced 
physicist, Dr. Joseph B. Platt. Professor Platt is 
known for his unusual qualities as teacher, researcher, 
and administrator. As associate chairman of the 
physics department at the University of Rochester he 
supervised the undergraduate teaching program in 
physics and “for his significant contribution to the 
life of the students over and above his regular duties as 
a member of the faculty” received an alumni associa- 
tion award. He assisted in the planning of Rochester’s 
2.4 X 10%-volt cyclotron and headed the research team 
which discovered and investigated the X-rays from 
mesonic atoms (nuclei with negative mesons). Dur- 
ing World War II he worked with the radar group at 
M.I.T. He was Chief of Physics Research for the 
Atomic Energy Commission for the period 1949-51 and 
since 1951 has been a consultant to the A.E.C. He 
has also been a consultant since 1952 to the Office of 
Ordnance Research and since 1955 to the National 
Science Foundation. 

Harvey Mudd College is actually the fifth of the 
Associated Colleges at Claremont and because of this 
association it has available at its inception the 250,000 
volumes and 180,000 government documents of the 
Honnold Library, and a cultural, social, and intellectual 
atmosphere which has developed over a period of 
seventy years. This association of residential colleges 
(Pomona, Claremont, Scripps, Claremont Men’s, and 
Harvey Mudd) offers the principal advantages of a 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


* HARVEY MUDD COLLEGE AT CLAREMONT 


R. NELSON SMITH 
Pomona College, Claremont, California 


university without losing the essential advantages of 
the small college. Each college is a separate corporate 
entity with its own president and board, its own tradi- 
tions, and each takes pride in its small classes, large 
faculty-student ratio, and ample opportunity for dis- 
cussion and individual attention. 


Harvey Mudd College will follow this tradition. 
Construction of classrooms, laboratories, and dormi- 
tories will start soon, though the first class will start in 
academic facilities shared with the Associated Colleges. 
President Platt will choose with great care his fresh- 
man faculty and his freshman class. Approximately 
sixty freshmen will be admitted in September 1957 
(scholarships are even available!); in September 1958 
frosh-soph rivalry will be possible; in 1959 it will 
be possible to have the first junior prom (with girls 
from Pomona and Scripps); and in 1960 the hardy 
remnants of those admitted in September 1957 will be 
making application for technical jobs or graduate work 
in engineering or physical science. The student body 
is expected to grow to approximately 350. 

To quote from the first information bulletin: 


The first two years of study at Harvey Mudd College are com- 
mon to all students, and the decision to concentrate in chemistry, 
engineering, mathematics, or physics can be deferred until the 
end of the sophomore year. During freshman and sophomore 
years all students take two years of English composition and 
literature, two years of mathematics, two years of chemistry, and 
two years of physics, together with a year’s study of the history 
of Western civilization and some training in mechanical drawing 
and machine shop practice. In the junior and senior years stu- 
dents will in general devote approximately 60% of their time to 
their fields of special interest, and 40% of their time to further 
study in the social sciences and humanities. The work of the 
junior and senior years is designed to give the student a good 
technical background for his subsequent professional growth, 
whether in industrial employment or in graduate study. It is 
also intended to give him an acquaintanceship with human affairs, 
so that he will be able to grow as well in responsibility and under- 
standing in his dealings with others. Students graduating will 
receive the degree of Bachelor of Science. 


As one talks with President Platt about his new 
adventure one can’t help but share his enthusiasm as 
he puts his heart and his head to his statement “ Harvey 
Mudd College has a real opportunity to demonstrate 
the contribution the liberal arts college can make in the 
field.” We wish him Godspeed! 
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Tux Eighteenth Summer Conference of the New Eng- 
land Association of Chemistry Teachers was held Au- 
gust 20-25, 1956, at the University of New Hampshire 
Durham, New Hampshire, with Clinton 8. Johnson, 
Rhode Island College of Pharmacy, and Louise O. C. 
Swenson, English High School, Lynn, Massachusetts, as 
co-chairmen. There were 212 registrants, of whom 49 
came from schools outside New England. The interest 
of sections of the American Chemical Society and other 
organizations in the professional advancement of sci- 
ence teachers was evidenced by the fact that this year 30 
teachers received grants that covered part or all of their 
expenses. The enthusiasm of these new members at 
their first summer conference was gratifying to the hard- 
working committee. One such teacher wrote: 


May I express my heartiest thanks for making it possible for 
me to attend the NEACT Summer Conference. It was one of 


the most professionally profitable sessions I have ever attended 
and it was a pleasure to meet so many fine people. 


I sincerely 
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hope that the NEACT will be successful in convincing more 
industries that they should support the Summer Conferences by 
making a larger number of scholarships available. It is one of 
the best methods I know of to shake science teachers out of their 
lethargic shells. 


Along these lines one of the stimulating papers given at 
the conference was that of Harvey R. Russell, Co- 
ordinator of Education Cooperation, American Cyan- 
amid Company, who spoke on “Methods of cooperation 
between industry and education.” His paper appeared 
in this Report in November. 

Other featured speakers were Francis A. Richards, 
“Chemical oceanography”; Charles A. Reynolds, 
“Heat transfer in helium-II”; Charles M. Wheeler, 
Jr., “Application of the polarograph in the study of 
chemical reactions’; Wanda K. Farr, “‘A chemist looks 
at cellulose”; John O. Edwards, ‘Reaction rates for the 
practical chemist’; G. L. Pearson, “Silicon in modern 
communications”; and R. C. Fuller, “Current concepts 
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of photosynthesis.”” The industria] viewpoint was pre- 
sented by Paul L. Hedrick, ‘““Chemistry’s contribution 
to the growth of 3M’; O. W. Cass, “Chemicals by 
electrochemical methods”; and John M. Petrillo, ‘“Ap- 
plied instrumentation in the chemical industries.” The 


conference was begun on an international note in an - 


address by Professor Allan A. Kuusisto of the University 
of New Hampshire who spoke on “Finland, the buffer 
state.” A trip to the Schiller Power Plant, Portsmouth, 
gave a first-hand picture of the economics of the boiler 
and turbine that utilizes 300,000 pounds of mercury in 
the generation of electric power. The work of the 
Association was advanced in a report by Maurice M. 
Whitten on the NEACT Minimum Syllabus for sec- 
ondary-school chemistry courses. Social eevnts followed 
each day’s session and included a fine clam-bake (two 
lobsters apiece!), a summer theater performance, and 
travelogues by Carl Swinnerton on his semester at Cam- 
bridge University, Helen Crawley on her European trip, 
and by David L. Davidson, who gave the closing lecture 
of the week when he presented excellent colored slides 
taken on his trip to the West to visit “Paul Bunyan, 
the big trees, and the biggest hole.” 

Some good lecture demonstrations were put on by 
Guy F. Burrill, Keene High School, New Hampshire, 
Evelyn L. Murdock, Stonington High School, Con- 


‘necticut, Elbert C. Weaver of Phillips Academy at 


Andover, Massachusetts, and Laurence S. Foster, 
Watertown Arsenal, Massachusetts. Seward E. Beacom, 
editor of the News-letter assembled these demonstrators 
and served as master of ceremonies. 


A group of exhibits, arranged by Benjamin R. Graves, 
South Portland High School, Maine, was on display for 
the week and was viewed at leisure. Many new teaching 
aids and books were given close scrutiny. Prior to many 
of the sessions, the committee on motion pictures, 
headed by Norman W. LaFayette, Hamden High School, 
Connecticut showed science films particularly selected 
for their teaching value. The research laboratories of 
the University were open to interested teachers. Trips 
to nearby historical and recreational sites were available 
for non-professional guests. 

Charles M. Wheeler of the host institution was con- 
ference secretary, and Irwin H. Gawley, State Teachers 
College, Upper Montclair, New Jersey, assisted by Mrs. 
Gawley and Professor and Mrs. Ralph P. Seward, Penn- 
sylvania State University, performed the arduous tasks 
of the registrar-treasurer. Those who attended warmly 
expressed their enthusiasm to the very able committee 
members and to the staff members of the University of 
New Hampshire, especially to Harold A. Iddles, Chair- 
man of the Department of Chemistry, and a most 
gracious host to the Conference. 


Adjourned Annual Meeting, August 24, 1956 


President Marco H. Scheer reconvened the annual 
meeting at 11:30 a.m. in the Charles James Hall. 
The Secretary read the minutes of the 56th Annual 
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Meeting, held at Natick High School, Natick, Massa- 


_ chusetts, May 12, 1956. This report was accepted. 


The treasurer’s report for 1955-56, dated August 15, 
1956, was read by S. Walter Hoyt and accepted. The 
following is an abridged version of this report: 


Summary for 1955-56 


$2705 . 57 
Bapondstures for 1955-56... 2653 . 90 

Balance, July 1, 156... . $1296.87 
Advance Dues for 1956-62....................... 48.25 

Total Funds for 1956-57....................... $1345.12 


C. B. Gustarson, Treasurer 
S. Water Hoyt, Auditor 


The secretary, as chairman of the membership com- 
mittee, welcomed the following into the Association, 
they having been elected to membership prior to the 
Eighteenth Summer Conference: 


Emily E. Boggs, Chairman, Department of Physics, Chemistry 
and General Science, Hunter College High School, New York 
City. 

Louis M. Eyermann, Science and Mathematics Master, Louis- 
ville Country Day School, Louisville, Kentucky. 

William D. Flaherty, Head of Science Department, Gilbert 
School, Winsted, Connecticut. 

Max H. Flaxman, Head Counselor and Instructor in Chemistry 
and Mathematics, Classical High School, Providence, Rhode 
Island. 

William F. Hall, Chemistry Teacher, Commerce High School, 
Worcester, Massachusetts. 

Ralph B. Hurlburt, Teacher of Chemistry and Physics, East 
Hartford High School, East Hartford, Connecticut. 

Alice J. Kennedy, Dean of Women, Newton Junior College, 
Newtonville, Massachusetts. 

Walter Los, Science Teacher, High School, Newtown, Connecti- 
cut. 

John Powell, Science Teacher, Morgan School, Clinton, Connec- 
ticut. 

Sister M. Celeste, OSF, Science Instructor, Rosary Hill College, 
Buffalo, New York. 


The following were elected to membership at the 
Eighteenth Summer Conference: 


Sister Mary Beatrice, Science Teacher, St. Joseph High School 
for Girls, Manchester, New Hampshire. 

Emile A. Bourque, Science Teacher, Central High School, Man- 
chester, New Hampshire. 

Paul J. Boylan, Science Teacher, Boston Latin School, Boston, 
Massachusetts. 

William L. Bryant, Chemistry Teacher, Towle High School, 
Towle, New Hampshire. 

Andrew F. Burnham, Physics Teacher, Nashua Senior High, 
Nashua, New Hampshire. 

Marion E. 8. Childs, Science Teacher, The High School, Andover, 
New Hampshire. 

John W. Chrusciel, Chemistry Teacher, Quincy High School, 
Quincy, Massachusetts. 

Ruth L. Craig, Chemistry Teacher, The High School, Glovers- 
ville, New York. 

Alan H. Davis, Chemistry and Mathematics Teacher, Charles- 
town High School, Charlestown, New Hampshire. 

Frances Dunbar, Science Teacher, Baton Rouge High School, 
Baton Rouge, Louisiana. 
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Virginia R. Farrell, Science Teacher, Holy Cross Academy, 
Brookline, Massachusetts. 

Rev. Michael J. Griffin, Science Teacher, Bishop Bradley High 
School, Manchester, New Hampshire. 

Eileen H. Harlow, Science Teacher, Sunapee High School, Sun- 
apee, New Hampshire. 

Albert B. Hoag, Science Teacher, Quimby High School, Center 
Sandwich, New Hampshire. 

Raymond W. LeBouthillier, Instructor in Chemistry and Mathe- 
matics, Stevens High School, Claremont, New Hampshire. 

Leon A. P. Magee, Science Teacher, Littleton High School, 
Littleton, Massachusetts. 

Donald MacAusland, Science Teacher, Darien High School, 
Darien, Connecticut. 

Harry W. Peach, Chemistry and Physics Teacher, Twin Mt. 
High School, Twin Mountain, New Hampshire. 

Ralph F. Phillips, Chemistry Teacher, Williston Academy, 
Easthampton, Massachusetts. 

Elizabeth Ann Quinn, General Science Teacher and Acting As- 
sistant Principal, Saxe Junior High School, New Canaan, 
Connecticut. 

Donald R. Thompson, Chemistry Teacher, Central High School, 
Manchester, New Hampshire. 

Webster W. White, Jr., Principal, Hillsboro-Deering Coopera- 
tive Schools, Hillsboro, New Hampshire. 


The New Hampshire Committee on Mathematics 
and Science Awards were given to the following mem- 
bers, for participation in the Summer Conference: 


Allan Abrahams Albert B. Hoag 

Isabelle Betz Raymond W. LeBouthillier 
Emile A. Bourque Harry W. Peach 

William L. Bryant Alan E. Rich 


Sr. M. Beatrice 
Donald R. Thompson 
Roscoe E. Twombly 
Howard I. Wagner 
Webster W. White, Jr. 
Loys A. Wiles 


Andrew F. Burnham 
Marion E. 8. Childs 
Alan H. Davis 

Leonard F. Foley 

Rev. Michael J. Griffin 
Eileen H. Harlow 


The Lyman Churchill Newell Grants, from the North- 
eastern Section of the American Chemical Society, 
were awarded to: 


Paul J. Boylan 
Virginia Farrell 


William B. McIlwaine 
Hyman R. Roseman 


Other teachers who were sponsored by American 
Chemical Society sections were: 


Eastern New York Section, Ruth Craig; Maine Section, Robert 
Harlow; Western Connecticut Section, Elizabeth Ann Quinn and 
Donald MacAusland; and the Connecticut Valley Section, Pas- 
quale V. Romano and Mahlon F. Hayden. 


The financial report from last summer’s Seventeenth 
Conference was read by Clarence D. L. Ropp, registrar- 
treasurer, and is given in abridged form below: 


Income: 
Baseball Game 190.00 
140.00 
Ecpenses: 
Subscriptions to JouRNAL or CuEemicaL Epucation. $ 76.00 


Conference Folders, etc... .. 270.00 


The report of the treasurer of the trustees of the en- 
dowment fund was read and accepted: 


Income credited in the period 
May 6, 1955-May 10, 1956: 

Watertown Federal Savings and Loan Association $ 30.00 


Nowton Gaviews Bank. .... 46.39 

45.52 

$2723 .06 

Income transferred to NEACT operating funds. ..... 67.68 

Investments, May 10, 1956: 

Five shares, Watertown Federal Loan Association. $ 994.91 

Balance in Newton Savings Bank, May 10, 1956.... 1660.47 

$2655 .38 


Avery A. AsHDowN, T'’reasurer 


Upon motion, made in accordance with the provisions 
of the constitution, the following amendment was 
adopted. This action adds the new classification of 
student member to the list of members. 


Article III, Section 2: Membership shall be of three kinds, 
Student, Active, and Honorary, as provided in the By-Laws. 


Asummary report from the co-chairman of the Eight- 
eenth Summer Conference, was read and accepted. 


Total number of registrants......................0005. 212 
Number of new members joining at the Conference....... 22 


The eight persons who have attended all 18 con- 
ferences are: 


Mr. and Mrs. Grover C. Greenwood, Mr. and Mrs. 8. Walter 
Hoyt, Mr. Alfred R. Lincoln, Miss Evelyn L. Murdock, «Miss 
Elsie Scott, and Dr. John R. Suydam. 


Sixteen states and one Canadian province were 
represented at the Eighteenth Summer Conference: 


Massachusetts, 65; New Hampshire, 42; Connecticut, 28; New 
Jersey, 12; New York 12; Rhode Island, 10; Maine, 10; Penn- 
sylvania, 7; Vermont, 5; North Carolina, 4; Ohio, 3; Quebec 3; 
Maryland, 3; Indiana 2; Louisiana, 1; Virginia, 1; and Illinois, 
1. 


President Scheer was commissioned to extend the 
appreciation of the Association to the various sections 
of the American Chemical Society who sponsored 


‘science teachers and thus made it possible for them to 


attend the Conference. 

President Scheer had the pleasure of presenting to 
Miss Helen Winifred Crawley, a former President of 
this Association, the certificate of Honorary Member- 
ship. (Cf. the minutes of the 56th Annual Meeting, 
May 12, 1956.) Norris W. Rakestraw, also a former 
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President of this Association, received in absentia the 
certificate of Honorary Membership. 

President Scheer announced that the Nineteenth 
Summer Conference will be held at Colby College, 
Waterville, Maine, from August 19-24, 1957. Maurice 
M. Whitten, Gorham State Teachers College, Maine, 
and Stanley C. Bunce, Rennselaer Polytechnic Institute, 
Troy, New York, have accepted the positions of co- 
chairmen, in charge of arrangements and program, re- 
spectively. 


NECROLOGY 


The necrology committee regrets to report the death of Ricu- 
ARD W. FEsSENDEN, Professor of Chemistry at the University of 
Massachusetts since 1931. 

Professor Fessenden served on the host committee on the oc- 
casions when the NEACT held summer conferences at the Uni- 
versity of Massachusetts and many of us remember with grati- 
tude his cordiality and friendliness on these occasions. 

We are indebted to Dr. Walter S. Ritchie for the following: 
Richard W. Fessenden, 54, of 105 Montague Road, North 
Amherst, died suddenly on July 23, 1956, at Eastham, Mas- 
sachusetts, where he had been vacationing. 

Born in Middleboro, December 29, 1902, he was the son of the 
late William Pitt and Edith M. Jewell Fessenden. He gradu- 
ated from Middleboro High School, and the University of Massa- 
chusetts in 1926. He received his Master’s degree from the 
University of Massachusetts in 1928 and his Ph.D. degree from 
Columbia in 1933. 


JOURNAL OF CHEMICAL EDUCATION 


He began teaching at the University of Massachusetts in 193], 
Dr. Fessenden was a member of the American Chemical Society, 


‘ the New England Association of Chemistry Teachers, and the 


American Association of University Professors. He was a mem- 
ber of Alpha Gamma Rho fraternity. He was a member of Phi 
Kappa Phi, Sigma Xi, and Phi Lambda Epsilon. 


S. Water Hoyt, for the Necrology Committee 
DIVISIONAL MEETINGS SCHEDULED 


The locations of the 1956-57 meetings of the Associa- 
tion are announced by the executive committee. 


Northern Division: Keene State Teachers College, Keene, New 
Hampshire, October 13, 1956. 

Central Division: Boston University, Boston, Massachusetts, 
December 8, 1956. Combined meeting with the Eastern As- 
sociation of Physics Teachers and the New England Biological 
Association. 

Southern Division: Bradford-Durfee Technical Institute, Fall 
River, Massachusetts, February 9, 1957. 

Western Division: A joint meeting with the Connecticut Valley 
Section of the ACS, Trinity College, Hartford, Connecticut, 
April 13, 1957. 

Central Division: Attleboro High School, Attleboro, Mas- 
sachusetts. Annual meeting 
Nineteenth Summer Conference: 
Maine, August 19-24, 1957 


Colby College, Waterville, 


JosepH A. Martus, Secretary 


THE CHEMICAL PROCESS INDUSTRIES 


R. Norris Shreve, Professor of Chemical 
Engineering, Purdue University. Second 
edition. McGraw-Hill Book Co., Inc., 
New York, 1956. xvi + 1004 pp. 
Many figs. and tables. 16.5 X 23.5 cm. 
$11.50. Textbook edition, $8.50. 


Tuts is the second edition of a book 
which has been widely used for the past 
ten years (see J. Cuem. Epuc., 22, 467 
(1945) for a review of the first edition). 
Although the titles of the 39 chapters 
are the same in the two editions and the 
size is about the same (957 pp. to 1004 
pp.), the text, statistics, illustrations, and 
references have been brought up to date. 
In both editions the important chemical 
processes have been resolved into the 
series of unit operations and unit processes 
comprising the process. Where possible 
the heat of reaction is given for the process 
shown in a chemical equation. For 
minor chemicals, an equation and a few 
lines of description of production and 
uses suffice. 


Three chapters give a general introduc- 
tion and explain unit operations and proc- 


esses; nine chapters discuss materials 
such as water, fuel gases, ceramic indus- 
tries, and the like; nine chapters cover the 
inorganic process industries, salt, caustic, 
chlorine, sulfuric acid, ammonia and the 
like; this leaves eighteen chapters for 
organic process industries, from deter- 
gents, sugar, and fibers to chemical war- 
fare agents. The index is detailed and 
lists all subjects and compounds discussed. 

In the new edition the same problems 
are placed in the appendix to the book. 
Each chapter concludes with a list of 
selected references, usually books, while 
footnotes on each page give references to 
the sources of information. 

Because of the large number of chemi- 
cals and processes discussed, this book 
will continue to be used widely by both 
chemists and chemical engineers as a 
first source of information. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, TEXaAs 


CHEMICAL ENGINEERING. VOLUME 
TWO: UNIT OPERATIONS 


J. M. Coulson, King’s College, New- 
castle-on Tyne, and J. F. Richardson, 
Imperial College of Science and Tech- 
nology. McGraw-Hill Book Co., Inc., 
New York, 1955. xvi + 589 pp. Figs. 
and tables. 16.5 X 23.5cm. $9. 


VoutumE I of this English text was re- 
viewed a little over a year ago and now 
Volume II has appeared to complete this 
entry into the field of texts on unit oper:- 
tions of chemical engineering. 

Volume I covered fluid flow, heat trans- 
fer, mass transfer, and their interrelation 
as the fundamental mechanisms of the rest 
of the unit operations. In Volume II the 
authors have done a good job of applyiig 
these fundamentals to the other unit oper- 
ations and to the design of commercial 
equipment. They have followed the re- 
cent trend of grouping the unit operatiois 
according to certain common elements. 
Thus all of their unit operations are 
grouped as follows: 
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(1) Flow of fluids past particles. 

(2) Systems involving relative motion 
bet ween a fluid and particles. 

(3) Applications of mass transfer. 

(4) Applications of heat transfer. 

(5) Size reduction, classification, mix- 


ing 

Some of the general problems of scaling 
up are discussed in the chapter on mixing 
and particular features are discussed 
throughout the book. 

The illustrations of commercial equip- 
ment are excellent and the general format 
of the book is pleasing. 

These two volumes could serve as a use- 
ful text in undergraduate courses with the 
reservation that care would have to be 
used because of its being an English book. 
It certainly makes a welcome addition as a 
reference text in the unit operations field. 


8. RICKLIN 
RicKL1In RESEARCH ASSOCIATES 
PrRovVIDENCE, RHopE IsLanpD 


BIOCHEMICAL SOCIETY SYMPOSIA 
NO. 13: THE BIOCHEMISTRY OF 
VITAMIN B,, 


Edited by R. T. Williams. Cambridge 
University Press, New York, 1955. 123 
pp. 20 figs. 22 tables. 16.5 X 25.5 
cm. $3.75. 


Tus volume consists of papers pre- 
sented at the symposium held at The 
London School of Hygiene and Tropical 
Medicine on February 19, 1955. The 
contributors to this symposium try to 
bring the readers up to date on various 
aspects of the title theme. Vitamin Biz 
constitutes too large and active a field for 
the coverage in such a set of papers to be 
exhaustive. However, the authors have 
succeeded in bringing forth a very good 
book in a concentrated style, mainly 
covering the later work just short of the 
final (except possibly as regards the 
double-bond arrangement) announcement 
of the complete structural formula for 
vitamin Biz by Hodgkin, et al. 

After an introduction by Sir Alexander 
Todd, E. Lester Smith briefly discusses 
the isolation and chemistry of this extraord- 
inarily complex vitamin. The next 
paper by S. K. Kon gives an excellent 
description of the multitude of other fac- 
tors related to vitamin B,2 while the spe- 
cific methods of measurement of this as- 
sortment are covered by M. E. Costes and 
J. E. Ford. “The absorption and ex- 
cretion of vitamin By. in man” by D. L. 
Mollin and S. J. Baker includes the perti- 
nent clinical work and recent data. In- 
trinsic factor remains one of the less un- 
derstood facets of the Biz story, and for 
this reason one might wish for an even 
more complete presentation of the subject 
than that given by A. L. Latner in his 
interesting paper on this subject. The 
book concludes with two papers by H. 
R. V. Arnstein and by J. Lascelles and 
M. J. Cross which describe, respectively, 


our knowledge of the biochemical func- 
tions of vitamin By: in animals and in 
microorganisms. 

The thirteenth symposium is successful 
and fills a special need for those in the 
field. The book itself is of good general 
quality, adequately illustrated, and mod- 
erately priced. 


IRVING H. SHER 
GUSTAV J. MARTIN 
Tue NationaL DruG Company 
PHILADELPHIA, PENNSYLVANIA 


CATALYSIS. VOLUME III: 
HYDROGENATION AND 
DEHYDROGENATION 


Edited by Paul H. Emmett, Gulf Research 
and Development Company's Multiple 
Fellowship, Mellon Institute. Reinhold 
Publishing Corp., New York, 1955. vii + 
504 pp. 98 figs. 101 tables. 15.5 X 
23.5cm. $12. 


Tuis text is the third in a series dealing 
with the subject matter of catalysis. It 
consists of ten chapters written by several 
authorities, and edited by Paul H. Em- 
mett. The first 50 pages, written by 
Trapnell, develop the background and 
give the present status of parahydrogen 
and orthodeuterium conversions, and 
also hydrogen-deuterium exchange. In 
the next 30 pages Eley critically discusses 
the present status of the much studied 
catalytic hydrogenation of ethylene. In 
regard to the mechanism of this hydro- 
genation he concludes that ‘‘no really 
critical experiments for deciding this 
mechanism have as yet been made.” In 
the following 30 pages Corson discusses 
the catalytic hydrogenation of olefinic 
hydrocarbons including selective hydro- 
genation, and also suitable catalysts, 
including calcium-ammonia and _ alkali 
metals. About 40 pages are devoted by 
Bond to a consideration of the addition of 
hydrogen to carbon-carbon triple bonds. 
Catalysts, bond energies, and reaction 
mechanisms are discussed for both gas- 
phase and liquid-phase hydrogenations, 
especially for acetylene and methyl ace- 
tylene. Chapter five consists of 20 pages 
devoted to a discussion by Smith and 
Bedoit of the catalytic hydrogenation of 
nitro compounds, principally over nickel 
or platinum. In Chapter six covering 
some 90 pages Frankenburg makes a 
rather complete survey of developments 
in the catalytic synthesis of ammonia 
(from nitrogen and hydrogen) during the 
period from 1820 to 1940. In Chapter 
seven written by Bokhoven, van Heerden, 
Westrik, and Zwietering over 80 pages are 
devoted to important research develop- 
ments in ammonia synthesis since 1940, 
considerable of the data being previously 
unpublished. Chapter eight comprising 
some 60 pages devoted to the synthesis of 
methanol is written by Natta and draws 
to a considerable extent upon the au- 
thor’s extensive work on this synthesis. 
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About 35 pages are devoted by Feuge in 
Chapter nine to the problems of hydro- 
genation of glyceride oils, and the proper- 
ties and preparation of suitable catalysts. 
The last chapter of about equal length is 
written by Kearby and is devoted to 
catalytic dehydrogenation, primarily of 
petroleum products to olefins, diolefins, 
and styrene. 

This latest addition to the Catalysis 
series maintains the high standard of ex- 
cellence which has characterized the pre- 
ceding volumes and is a book which will 
be widely read by all having an interest 
in this field. 


W. W. RUSSELL 
Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


THE ALKALOIDS: CHEMISTRY AND 
PHYSIOLOGY. VOLUME V: 
PHARMACOLOGY 


Edited by R. H. F. Manske, Dominion 
Rubber Research Laboratory, Guelph, 
Ontario. Academic Press, Inc., New 
York, 1955. ix + 388 pp. Tables. 
16 X 23.5cm. $9.50. 


THERE is little doubt that Volumes 
I-IV of this series constitute the most ex- 
haustive and authoritative treatment of 
the chemistry of the alkaloids which is 
currently available. Since in these earlier 
volumes only about one-fourth of the 
chapters contained sections on pharma- 
cology, the editor has used the present 
volume to round out the area which is con- 
cerned with physiological activity. The 
result is a very useful pharmacological 
supplement to an already standard chem- 
ical treatise. The pharmacological pres- 
entation is not, however, as comprehen- 
sive as is the treatment of the chemistry 
afforded in Volumes I-IV. Notable omis- 
sions would include discussions of the 
pharmacology of reserpine and protovera- 
trine. Perhaps these will be covered in a 
supplementary volume. The pharmaco- 
logical treatment adopted in Volume V is 
based on the physiological action of the 
alkaloids rather than on chemical struc- 
ture. For this reason alkaloids of diverse 
structure but similar actions are discussed 
in each of the separate sections. Chap- 
ters covering the following are included: 
Narcotics and Analgesics, Cardioactive 
Alkaloids, Respiratory Stimulants, Anti- 
malarials, Uterine Stimulants, Anesthet- 
ics, Pressor Alkaloids, Mydriatics, and 
Curare-like Effects. Also included is a 
chapter on Lycopodium alkaloids and one 
on miscellaneous alkaloids. 

Volume V of this series is recommended 
as a valuable companion to the elegant 
chemical treatment given in Volumes 
I-IV. 


EDMUND C. KORNFELD 


Litty ResearcH LABORATORIES 
INDIANAPOLIS, INDIANA 
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HIGH-TEMPERATURE TECHNOLOGY 


Edited by J. E. Campbell, Battelle Memo- 
rial Institute. John Wiley & Sons, Inc., 
New York, 1956. xiv-+526pp. Figures 
and tables. 15.5 X 23.5cm. $15. 


Tuts book, which is the product of 35 
contributors from 19 academic, govern- 
ment, and industrial laboratories, pre- 
sents in three main sections divided into 
19 chapters the recent developments in 
materials which can withstand tempera- 
tures over 1500° and the means of examin- 
ing these materials. After a brief in- 
troductory chapter, the first main section 
comprising over 40 per cent of the text 
deals with the preparation and properties 
of refractory materials and includes sepa- 
rate chapters on metals, oxides, carbon 
and graphite, carbides, borides, silicides, 
nitrides, sulfides and the new and useful 
multicomponent systems called cermets. 
The latter are composed of ceramics 
(defined here as carbides, nitrides, borides, 
and silicides as well as oxides) bonded by a 
metal or alloy. The reviewer found the 
discussion of these substances to be un- 
usually lucid and rewarding. Alloys in 
general are not included in this book be- 
cause they are not stable above 1500°; 
however, reference is made to the im- 
portance of aluminides. Although fluo- 
rides, oxyfluorides, oxysulfides, and phos- 
phides may ultimately be found to be 
useful as refractories, the editor con- 
sciously omitted discussions of these 
materials due to the meager information 
available. 

The second and smallest section is 
concerned with the technique of sintering 
and the attainment of high temperatures. 
Because they are adequately described 
elsewhere, combustion furnaces are not 
included. However, high temperature 
quenching furnaces, heating units con- 
taining thorium dioxide resistors, vacuum 
induction furnaces and hot-pressing fur- 
naces are briefly described; while a 
separate chapter is devoted to a detailed 
discussion of arc furnaces. Other tech- 
niques for reaching high temperatures 
such as solar furnaces and electronic 
torches are reviewed. 

In the final 165 pages the techniques for 
making measurements at high tempera- 
tures are examined. The chapter on 
temperature measurement includes py- 
rometry, thermocouples, and the absolute 
noise thermometer. A second chapter 
in this section deals with plastic deforma- 
tion above 1100°, creep studies, and hot 
hardness measurements. The chapter on 
physical properties includes techniques for 
determining melting points, phase-equilib- 
rium, thermal and electrical conduc- 
tivity, and thermal expansion and shock. 
Finally, high temperature microscopy 
and X-ray defraction are discussed. 

This book, which is well printed and 
easily read, contains many tables and 
charts and includes either photographs 
or diagrams of all of the equipment de- 
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scribed. Although the material is pre- 
sented mainly for the engineer, ceramist, 
and metallurgist, it will be of value for the 
inorganic and physical chemist. The 
latter may be disappointed in not finding 
a chapter devoted to a discussion of bond 
types or to a theoretical explanation of 
why the materials included in this book 
are refractories. However, references to 
recent papers on these subjects will be 
found in the extensive bibliographies 
which are found at the end of each section. 


RICHARD G. YALMAN 
ANTIOCH COLLEGE 
Sprines, On10 


ORGANIC INSECTICIDES: THEIR 
CHEMISTRY AND MODE OF ACTION 


Robert L. Metcalf, Entomologist, Uni- 
versity of California, Citrus Experiment 
Station, Riverside, California. Inter- 
science Publishers, Inc., New York, 1955. 
x + 392 pp. Figs. and tables. 16 X 
23.5cm. $8.50. 


Ir 1s quite unusual that a book written 
primarily for the specialist provides so 
fascinating reading material also for the 
general reader interested in modern 
science. The reason for it is not only the 
lucid style of the author who well under- 
stands how to make complicated chemical 
structures as well as intricate physiological 
processes intelligible, but also the fact 
that there hardly exists a more thrilling 
spectacle than the chemical warfare be- 
tween the world’s most advanced beings: 
men and insects. 

While man in his unremitting struggle 
against his numerous insect enemies em- 
ploys all his ingenuity and the most recent 
scientific discoveries, the insect responds 
with immediate mobilization of a marvel- 
ous enzymatic defense mechanisms which 
through genetic selection increase its 
resistance against lethal poisons more than 
a thousand times. The book provides a 
deep insight into the biochemistry of 
animals and plants, the relation between 
chemical constitution and physiological 
action, and also discloses heretofore un- 
suspected hereditary mechanisms. 

Man’s most recent discovery is the 
development of “systemic insecticides” 
which, when applied to any part of a 
plant, are rapidly absorbed and trans- 
located throughout the plant system thus 
making each part of it poisonous to in- 
sects. But while the author mentions 
roots, stems, and leaves as possible en- 
trances for toxicants, he omits to mention 
the most promising way of application, 
namely the treatment of seeds which 
makes the ensuing plants as insect-proof 
as if impregnated at full maturity. He 
also could have added that we are now in 
a position to protect even higher animals 
systemically against insect pests inas- 
much as a recently synthesized organic 
phosphate (0,0-dimethyl-0,2,4,5-trichloro- 


phenyl phosphorothionate) which com- 
bines high insecticidal with low mamma- 
lian toxicity can be dispersed without 
harm to the animals in their flesh. 

The greatest value of Metcalf’s book is 
that it not only covers all known classes of 
organic insecticides in a most compre- 
hensive and systematic way, but beyond 
that it elucidates involved biochemical 
relations in their mode of action. It is 
very commendable that for each class the 
mammalian toxicity has also been given. 
Because of greater attention now being 
paid to harmful residues, this has become 
a matter of great legal and practical 
importance. 

It is unfortunate that many structural 
formulas have been far removed from the 
corresponding text and that in this shuf- 
fling of formulas a most important one, 
namely meta-systox (XXI), has fallen 
under the printer’s desk. It also would 
have benefited the general reader who is 
not a professional entomologist had in- 
sects been identified by their common 
instead of scientific names. 

All in all, the book must be recom- 
mended highly to all those who are in- 
terested in the work of chemists and ento- 
mologists and their unexcelled success 
in the protection of man’s health and wel- 
fare against his most vicious and most 
prolific enemies. 


FRANCIS JOSEPH WEISS 
Unrrep States Operations Mission 
To NICARAGUA 
Manaaua, NICARAGUA 


MANUAL OF ELEMENTARY 
PRACTICAL CHEMISTRY 


R. D. Brown, Senior Lecturer in General 
Chemistry, and 7. A. O’Donnell, Lec- 
turer in General Chemistry, both of 
University of Melbourne. Cambridge Uni- 
versity Press, New York, 1955. ix + 185 
pp. 19 figs. 25 tables. 12 X 22 cm. 
$4.75. 


Tuis is a laboratory manual for a first- 
year chemistry course in Australian uni- 
versities. It comprises 70 pages on in- 
organic quantitative analysis, 85 on in- 
organic qualitative analysis, and 26 on 
organic chemistry, chiefly identification of 
compounds, in this order. 

The section on quantitative analysis in- 
cludes a chapter on gravimetric work, and 
four on volumetric processes. These last 
deal, respectively, with general principles, 
neutralization, precipitation, and oxida- 
tion-reduction methods. Standard lab- 
oratory exercises are included in each 
category. The chapters on volumetric 
analysis contain very concise presenta- 
tions of those aspects of chemical equilib- 
rium usually found in American texts on 
elementary quantitative analysis. Fx- 
tensive use is made of the Lowry-Brénsted 
theory of acids and bases. 

The section on inorganic qualitative 
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analysis makes use of semimicro technique, 
and of systematic cation identification by 
means familiar to most American teachers 
of the subject. More than the usuai 
degree of emphasis in American texts is 
placed upon the use of dry-way tests. 
Anion analysis is done by a simplified 
scheme. The laboratory directions and 
theoretical discussions again are very con- 
cise. 

The subject matter covered, the concise 
treatment, the apparent expectation that 
the student needs no elaborate introduc- 
tion to stoichiometry, and the omission of 
problem work of any sort all suggest that 
first-year students in the Australian uni- 
versities are considerably more mature 
than American freshmen. It is therefore 
improbable that the book will be exten- 
sively used in American freshman courses. 
On the other hand it is not sufficiently de- 
tailed to be a very satisfactory substitute 
for the standard American texts in use in 
most second-year courses in analytical 
chemistry. 

The book is clearly written, and the 
authors do an excellent job of saying what 
they have to say with a minimum of excess 
verbiage. The one adverse comment 
which occurs to this reviewer—and it is 
made with no knowledge of the general 
price structure in Australia—is that the 
price of the book seems inordinately high 
for its size. 


JOSEPH L. NEAL 
Syracuse UNIVERSITY 
Syracuse, New York 


GAS TURBINES AND JET PROPULSION 


G. Geoffrey Smith. Revised and en- 
larged by F. C. Sheffield. Sixth edition. 
The Philosophical Library, New York, 
1955. 412 pp. Many figs. 14.5 x 22 
cm. $15. 


Tue author of the sixth edition of 
“Gas Turbines and Jet Propulsion’’ has 
produced a book that is useful to: (1) the 
newcomer to the gas turbine field for 
general information on the history and 
recent state of the art, (2) the man who 
must quickly become acquainted with the 
work and problems in a special area such 
as fuel systems or metallurgical problems, 
and (3) anyone who is curious about the 
application of gas turbines for develop- 
ment of power for road vehicles, locomo- 
tives, ships, and stationary power units. 

This indicates that the scope of this 
book is very wide, but the author is 
generous with details in the text and with 
photographic illustrations and drawings. 
The recency of the information presented 
with respect to jet propulsion is evidently 
limited only by the classification require- 
ments. 

The reviewer questions whether it is 
any longer necessary to sell or promote 
jet engine propulsion as the author tends 
to doin ChapterI. There might be reason 


to argue with some of the summarized 
list of 20 “potential advantages of turbine 
propulsion units as compared with ortho- 
dox reciprocating engine installations.”’ 
Occasionally the author uses an undefined 
expression that probably will leave the 
uninitiated reader still ignorant of the 
meaning of a particular sentence. (This 
may be only the ignorance of an American 
reviewer with respect to an expression 
that would be clear to an Englishman.) 
Discussion in text of a cut-away drawing 
of an engine component would be less 
difficult to follow if the numbers designat- 
ing individual parts had been included in 
the text. Once or twice the system 
preferred by the reviewer did appear so 
the text is not wholly consistent in this 
respect. More credit could have been 
awarded the American efforts of the past 
ten years for placing jet engine develop- 
ment where it was in 1955. 

Generally, Mr. Sheffield should be 
admired for having the courage to attempt 
to cover so much territory in one book, 
and he should be complimented for com- 
pleting his self-assigned task so well. 


PAUL H. WISE 
Otmstep, On10 


COLLEGE CHEMISTRY 


Andrew J. Scarlett, Professor of Chem- 
istry, Dartmouth College. Henry Holt and 
Co., New York, 1956. viii + 499 pages. 
108 figs. Many tables. 16 X 24.5 
cm. $5.50. 


Tuts book is based in part upon “Brief 
College Chemistry’’ by Richardson and 
Scarlett (1942). It appears to be a book 
designed for the terminal, nonprofessional 
course in general chemistry. In its 34 
chapters it treats the traditional topics in 
a brief but understandable fashion. The 
periodic table and atomic structure are 
introduced early in the text, followed by 
oxygen, hydrogen, gases and _ liquids. 
Next, the fundamentals of solutions, 
equilibrium, and oxidation are covered. 
Both ion-electron and _ electron-shift 
methods of balancing redox equations are 
given. Then come the nonmetals, elec- 
trochemistry, and the metals. There are 
two chapters on organic chemistry, one 
on colloids, and one on nuclear chemistry. 

The book is well-written, although, be- 
cause of its nature, it is brief in many 
places and additional source material 
may be needed for the ambitious student. 
The author makes good use of practical 
examples in order to illustrate the impor- 
tance of chemistry in the modern world, 
particularly with the topics in descriptive 
chemistry. In general, the book handles 
subject matter with a minimum of arith- 
metic. There are on the average slightly 
over ten discussion exercises per chapter 
and only two numerical problems per 
chapter. An appendix gives weights and 


measures, numeration notations, vapor 
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pressure of water, solubilities, oxidation- 
reduction potentials, a list of chemical 
price quotations, and a four-place log- 
arithm table. 

For instructors who seek a textbook for 
a shorter course, or who wish to use a Look 
that provides a reasonable minimum of 
material in the fundamental areas, this 
book will be of potential interest. 


W. H. SLABAUGH 
OreGon State CoLuece 
CorvALuis, OREGON 


TEXTBOOK OF CHEMISTRY 


Edward Mack, Jr., Alfred Benjamin 
Garrett, Joseph Fredric Haskins, and 
Frank Henry Verhoek, all of The Ohio 
State University. Second edition. Ginn 
and Co., Boston, 1956. ix + 854 pp. 
366 figs. 8 tables. 17 X 24cm. $6.50. 


IN THE second edition of their popular 
book, ‘“Textbook of Chemistry,’’ the au- 
thors have wisely followed the sound 
pedagogical practices of the original 
McPherson and Henderson texts. The 
balance which is maintained between de- 
scriptive matter and chemical principles 
makes this text as well suited for liberal 
arts courses as it is for those preparing for 
careers in chemistry, teaching, médicine, 
engineering, and related professions. 

A thorough revision, with many new 
and improved features, has been made. 
Four of the introductory chapters have 
been revised. The treatment of atomic 
and molecular weights has been shortened 
and simplified. The chapter on nuclear 
energy has been brought forward in the 
book and integrated with two other chap- 
ters on atomic structure. The elements 
carbon and silicon have been treated in 
the same chapter in order to better con- 
trast their behavior. A novel chapter 
which takes up jets, rockets, and explo- 
sives has been added. The chapters on 
organic chemistry have been redaced by 
one third due to an improved organiza- 
tion. The text concludes with a chal- 
lenging account of fuels and power, in- 
cluding a discussion of the thermody- 
namic efficiency of the steam engine, nu- 
clear power, and the sun as a main source 
of energy. 

The subject matter throughout the 
book has been skillfully organized to 
build up interest and motivation by lead- 
ing the student from the specific to the 
general and from experiment to theory. 
Attention is focused consistently on the 
evidence for the theories and concepts 
presented. For example, in the chapter 
dealing with rate of reaction and equilib- 
rium, experimental evidence from radio- 
active tracer experiments is introduced as 
evidence to support the principle of the 
continuance of reaction at equilibrium. 

Most chapters start with a brief intro- 
duction which calls attention to related 
information discussed earlier in the book 
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and alerts the student to the new ideas 
which are to be presented. The illustra- 
tions are well selected with reproductions 
of famous scientists in the historical sec- 
tions, and liberal use of both space models 
and scaled models to illustrate structures. 
An excellent index of 25 pages of double 
columns shows the care used in prepara- 
tion of this book. 

The teachers who used the first edition 
will find that an already outstanding text 
is more than ever suited to their needs. 
Those who never have used this book or 
the original McPherson and Henderson 
texts will find the second edition to be a 
thoroughly teachable text with its logical 
development of principles through well 
selected illustrations and emphasis on the 
understanding of the principles and 
methodology of chemistry. 


L. REED BRANTLEY 
OccipENTAL COLLEGE 
Los ANGELES, CALIFORNIA 


THE COMMON SENSE OF THE EXACT 
SCIENCES 


W. K. Clifford. Edited by Karl Pearson 
and James R. Newman. Dover Publi- 
cations, Inc., New York, 1955. Ixvi + 
249 pp. 123 figs. 13.5 % 20.5 cm. 
Paper bound. $1.60. 


Tue original date of publication, 1885, 
might question its reissue. After reading 
Russell’s preface, written for it some 70 
years later, one withholds criticism. 

The title first used by its author was 
“The First Principles of the Mathematical 
Sciences Explained to the Non-Mathemati- 
cal.”’ Thus it is mathematics for those 
less mathematical in their thinking. For 
readers of THIS JOURNAL the chemical 
engineers and physical chemists are the 
most likely interested readers of its pages. 
Russell sees in it a mathematician of the 
first order turned philosopher. The more 
casual reader may find it a quantitative 
unfolding of many mathematical relation- 
ships he has heretofore used uncritically 
with little concern as to whence they came. 

Topics presented are: Number, Space, 
Quantity, Position, and Motion. Each 
chapter has from 11 to 19 subdivisions set 
forth in the table of contents. A bibliog- 
raphy of the major writings of Clifford is 
appended. There is no index. 


B. CLIFFORD HENDRICKS 
LonGvieEwW, WASHINGTON 


THE CHEMISTRY OF 
TANNING PROCESSES 


K. H. Gustavson, Garverinaringens Forsk- 
ningsinstitut, Stockholm. Academic Press, 
Inc., New York, 1956. ix + 403 pp. 57 
figs. 58 tables. 15.5 X 23.5cm. $9. 


IN THE preface, the author states, “‘It is 
a deplorable fact that there is no modern 
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book on the fundamental chemistry of 
tanning at the present time [November, 
1955].’’ Now as a result of his diligent 
devotion to the complexities of the tanning 
processes through brilliant laboratory re- 
searches on the fundamental science of 
tanning reactions, we do have a modern 
book, skillfully and interestingly written. 


The subjects covered in ten chapters in- © 
. year, but the majority of the letters were 


clude (1) the chemistry of chromium salts 


and chrome tanning, (2) the effect of © 


neutral salts and complexing agents in 
chrome tanning, (3) miscellaneous factors 
in chrome tanning, the two-bath method, 
(4) the nature of the chrome-collagen com- 
plex, (5) vegetable tannage, (6) tanning 
with Syntans and reaction of lignosulfonic 
acids with collagen, (7) aldehyde tanning, 
(8) quinone and oil tannages, (9) combina- 
tion tannages, and (10) tanning reactions 
of biological and medical importance in- 
volving discussions of phagocytosis of bac- 
teria by tannins as saponins, use of formal- 
dehyde in modifying bacterial toxins and 
antibiotics, virucidal and antiviral effects 
of some vegetable tannins, effect of form- 
aldehyde on virus, cross linking of pro- 
teins, carcinogens, and tanned collagen for 
sutures. 

This is a book which will serve not only 
those concerned with the making of leather 
but also those engaged in the complex 
science of histology. As the author states, 
the inclusion of a chapter on “‘the biologi- 
cal and medical aspects of tanning is an 
innovation’ and thus this treatise well 
merits a place in the libraries of biological 
institutes and of medical schools along 
with the companion volume, ‘“‘The Chem- 
istry and Reactivity of Collagen.”’ 

The reviewer welcomes this contribu- 
tion by Dr. Gustavson and is pleased to ex- 
press his opinion that this book is the best 
now available. He adds also his praise 
for it as a beautiful example of the 
printers’ art. 


ARTHUR W. THOMAS 
CotumBiA UNIVERSITY 
New York, New York 


OEUVRES DE LAVOISIER: 
CORRESPONDANCE. FASCICULE I 
(1763-69) 


Edited by Rene Fric, Ingénier, Charge 
d’ennseignement a l'institute de Chimie 
de l'université de Clermont. [Editions 
Albin Michel, Paris, 1955. xvii + 249 
pp. 21.5 X 27.5cm. Paper bound. 


BETWEEN 1861 and 1893 Dumas and 
Grimaux edited and published much of 
the scientific work of Lavoisier. This 
six-volume edition contained none of 
Lavoisier’s correspondence. Now, after 
some 60 years, the ‘‘Oeuvres de Lavoisier’’ 
is being continued, and the omission is 
being remedied. 

Beginning in 1925 the editor of the 
present work commenced to collect letters 
to and from Lavoisier. He has searched 


- Mile. Punctis. 


all available sources. He has been aided 
by numerous individuals, by scientific 
societies, and by UNESCO. Now the 
first section of these letters has appeared, 
published under the patronage of the 
Académie des Sciences and with a preface 
by Louis de Broglie. The period covered 
in this volume is from 1763 through 1769, 
that is, through Lavoisier’s twenty-sixth 


written either in 1767 or 1769. 
In 1767 Lavoisier accompanied the 
famous geologist Guettard on an expedi- 


* tion through the Vosges and through 


Alsace. Biographers have pointed out 
how much this expedition contributed to 
the scientific growth of Lavoisier. Here 
we have the letters exchanged between the 
young scientist, his father, and his aunt, 
In the letters written by 
Lavoisier we see the scientific accuracy, 
the keen powers of observation, which his 
biographers have always stressed, but we 
see much more. The strong affection 
existing between the members of this 
small family, the concern of the older 
members for the youth on his first ex- 


tended trip away from them, and the 


little details of strange customs and 
manners which Lavoisier describes to 
his aunt to reassure her as to his health and 
safety, all give us an intimate sense of 
personal acquaintance which has never 
before been possible. 

Among the most interesting letters in 
this group is the notation sent by the 
bookseller K6énig of Strasbourg, listing 
the books which Lavoisier purchased from 
him while passing through that city. 
There are 119 items, most of which concern 
chemistry. There can be no doubt that 
even as a young man Lavoisier’s scientific 
interests were chiefly chemical. 

In 1768 Lavoisier did not travel far 
from Paris, and his letters are few that 
year. However, two important events 
in his life occurred at that time. He was 
elected to the Academy of Sciences, and 
there are a few notes which pertain to 
this phase of his activities. He also be- 
came a member of the Ferme générale, 
the private company to which the state 
leased the taxing power over many im- 
portant commodities. He soon became an 
important member of the department of 
the Ferme which controlled the tobacco 
business. The director of this department 
was Jacques-Alexis Paulze, who later 
became his father-in-law. 

From July through November of 1769 
Lavoisier made a tour of inspection of the 
tobacco interests of the Ferme in the 
region of Chalons. He sent back almost 
daily reports to Paulze, telling of his 
activities, the results of his inspections and 
tests for adulterated tobacco, and his 
ideas for improving the work of the Ferme. 
These letters make up most of the las: 
part of this volume. The final letter is « 
report on the capabilities of the various 
employees of the Ferme with whom he 
came in contact. These letters and re- 
ports reveal the thoroughness, busines: 
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sense, and ability to sum up the characters 
of his co-workers which were typical of 
the many sided genius of Lavoisier. 

It can be seen that the letters in this 
volume were not written during the most 
important period of Lavoisier’s life. 
The minute details in some of them will 
not interest the general reader. Never- 
theless, even a partial sampling will show 
the genius and character of Lavoisier in a 
manner which no formal biography can 
approach. For the serious student of the 
man himself, or for a social historian of 
France in the immediate pre-Revolution- 
ary period, these letters are an indis- 
pensable study. 

Since this volume is only the first 
part of a much more extensive work, it is 
paper bound, but it is in all respects of 
excellent quality. The print is clear and 
reproduces the peculiarities of spelling, 
capitalization, and punctuation of the 
colloquial French of the period. Ex- 
planatory footnotes give detailed in- 
formation as to individuals mentioned and 
as to customs no longer easy to under- 
stand. This is a work of first rank 
scholarship. We can look forward eagerly 
to publication of the rest of the 
correspondence. 


HENRY M. LEICESTER 
CoLLEGE OF PHYSICIANS AND SURGEONS 
San Francisco, CALIFORNIA 


FLUIDIZATION 


Edited by D. F. Othmer, Head, Depart- 
ment of Chemical Engineering, Polytechnic 
Institute of Brooklyn. Reinhold Publishing 
Corp., New York, 1956. ix + 231 pp. 
Figs. and tables. 16 X 23.5cm. $7. 


Tus book is based upon a series of lec- 
tures recently presented at the Polytechnic 
Institute of Brooklyn and edited by D. F. 
Othmer. General aspects of the back- 
ground, history, and future applications 
of fluidized beds are covered in nine chap- 
ters, each written by a different author. 

Perhaps the best virtue of this book 
will be as a first reference to a reader wish- 
ing to become acquainted with the grow- 
ing field of fluidization. The bibliography 
is extensive and covers literature articles 
as late as 1955. For this reason alone the 
book may find a wide market. The draw- 
ings are excellent and many design for- 
mulas are presented. Many companies 
will find the theoretical developments of 
distinct interest and utility. 

The first three chapters deal with the 
fundamentals of fluidized and moving 
fluidized beds, the latter six chapters with 
historical and detailed discussions of com- 
mercial applications. The chapters un- 
fortunately are self-contained and as a 
consequence there is considerable repeti- 
tion and seemingly no correlation between 
chapters. The nomenclature will prove 


troublesome to a reader since it varies 
from chapter to chapter. 


The organization of this book leaves 
much to be desired. The history of the 
method as exemplified by a chapter by 
E. J. Gohr of Esso Research and Engineer- 
ing Co. does not come until the fourth 
chapter. A discussion of the potential 
utilizations, which might best be presented 
as a last chapter, is mixed in with the other 
material. 

Since this book represents the first at- 
tempt to treat the entire field of fluidiza- 
tion it has a bright future saleswise. It 
is unfortunate that a more cohesive 
grouping of the material was not achieved 
but there is much to recommend for a 
reader. 


LEON LAPIDUS 
PRINCETON UNIVERSITY 
PRINCETON, New JERSEY 


SOIL FERTILITY 


C. E. Millar, the late Emeritus Professor 
of Soil Science, Michigan State University. 
John Wiley & Sons, Inc., New York, 1955. 
xi + 436 pp. 54 figs. 118 tables. 
15.5 X 23.5cm. $6.75. 


Draw1nG on his wide knowledge in soil 
research, from teaching at the senior and 
graduate levels, and from constant contact 
with farmers, Dr. Millar gives an unusually 
well-balanced discussion of soil fertility. 
The book appears to be aimed at the uni- 
versity student on the undergraduate 
level; the well-informed farmer will also 
find much of value. Consultation of the 
original papers and more advanced and 
specialized books will be necessary for the 
specialist. He will find many of these re- 
ferred to in this book. 

Dr. Millar briefly discusses aspects of 
soil chemistry, soil physics, soil microbiol- 
ogy, and plant physiology with the pref- 
ace, “Knowledge of the subject matter in 
each of these fields is essential for an 
understanding of soil characteristics and 
the reactions occurring in soils which influ- 
ence plant growth.” Successive chapters 
then deal with organic matter, nitrogen, 
phosphorus, potassium, calcium and mag- 
nesium, sulfur, micro-, and some non- 
essential nutrients. Other aspects con- 
sidered in separate chapters are soil defi- 
ciencies and determination of nutrient 
needs of crops, activities of soil organisms, 
use of green manures, crop residues and 
composts, animal manures, contributions 
of commercial fertilizers, and rotations and 
farming systems in different sections of 
the United States. Examples in the text 
deal primarily with the midwestern sec- 
tion of the United States making this 
book particularly useful to the student 
and farmer situated there. Although at- 
tention is given to problems of saline soils 
and irrigation more space could well have 
been devoted to water supply. In the 
chapter on Soil Deficiencies and Needs of 
Crops, the author mentions various bio- 
logical methods useful in testing. No 
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reference is made to metheds that utilize 
isotopes for assessing soil deficiencies. 
The Mitscherlich Wirkungsfaktor for nitro- 
gen is discussed without criticism. 

Dr. Millar points out the need for more 
carefully designed rotational experiments 
and the fact that many early experiments 
were inadequately fertilized. Attention 
is called to the probability of maintaining 
soil fertility through the use of suitable 
fertilizers combined with crop residues. 
Continuous cropping and specialized farm- 
ing systems are not discussed. The final 
chapter is devoted to consideration of the 
classical experimental fields in the United 
States and Great Britain. This will be of 
special value to the university student. 
The book contains well-chosen illustra- 
tions and is carefully organized, indexed, 
and produced. 


G. R. HAWKES 
U. 8S. DEPARTMENT OF AGRICULTURE 
BELTSVILLE, MARYLAND 


THE CHEMICAL CONSTITUTION 
OF NATURAL FATS 


T. P. Hilditch, Professor Emeritus, Uni- 
versity of Liverpool. Third edition. John 
Wiley & Sons, Inc., New York, 1956. xix 
+ 664 pp. 24 figs. 165tables. 16 x 25 
cm. $16. 


Tuts book is largely devoted to con- 
sideration of the component acids and 
glycerides in natural fats. It is an excel- 
lent reference work on this subject and 
covers the literature in considerable detail 
through 1954. Approximately 900 natu- 
ral fats are discussed, compared to about 
600 in the first edition. Much new infor- 
mation has been added concerning fats in- 
cluded in the first edition. 

The chapter titles and style of presenta- 
tion are essentially the same in the third 
edition as in the first. 

The sections on experimental tech- 
niques are extensive but rather disap- 
pointing. Partition and gas-phase chro- 
matography are barely mentioned. A 
figure is included of a pre-1900 setup for 
fractionation at reduced pressure, but 
spinning band columns are referred to only 
briefly. The historical coverage on older 
techniques is good. 

The chapter on some aspects of the bio- 
synthesis of fats contains little of interest 
to current students of the subject. Pro- 
fessor Hilditch concludes that suggested 
sequences for the biochemical conversion 
of carbohydrates into fatty acids like oleic 
acid are rudimentary approximations at 
best. It is not clear whether or not he has 
seriously considered schemes involving 
coenzyme A. 

Indexing of individual fats, glycerides, 
and plant families is good. Indexing of 
other topics is entirely too sparse. 

W. B. RENFROW 
OBERLIN COLLEGE 
OBERLIN, OHIO 
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RADIOISOTOPES IN BIOLOGY AND 
AGRICULTURE 


C. L. Comar, Oak Ridge Institute of Nu- 
clear Studies, formerly Laboratory Direc- 
tor and Research Coordinator, University 
of Tennessee—Atomic Energy Commission 
Agricultural Research Program. McGraw- 
Hill Book Co., Inc., New York, 1955. 
xiii + 481 pp. 91 figs. 97 tables. 16 
X 23.5cm. $9. 


Tue keynote adjectives which should 
be applied to Dr. Comar’s book are com- 
plete, systematic, and thorough. So 
systematic is Dr. Comar in his presenta- 
tion that the student in a field other than 
the life sciences will find much of value 
and help in this book. 

Dr. Comar’s avowed purpose in writing, 
this book is ‘‘to bring home to the student 
and investigator an appreciation and 
understanding of how radioisotopes can 
fit into his program and then to show how 
the experimental work can be under- 
taken.” This reviewer would go a step 
farther by adding the following corollary: 
While it may not have been a primary 
purpose of the book, certainly a considera- 
ble part of the value of the book is to be 
found by the chemist and physicist who 
may be somewhat familiar with radioiso- 
topes and radiochemical techniques but re- 
quire further insight into the problems 
faced by the biologist and the techniques 
at his disposal. In this day and age it is 
becoming increasingly difficult to draw a 
fine line of distinction between what is 
called chemistry, biology, or physics. As 
more and more complicated problems are 
tackled, like cancer, heart disease, mental 
illness. etc., the individual scientist finds 
to an ever increasing extent that he can 
no longer confine himself to the branch of 
science in which he majored in college. 
Whether he is working alone or as a mem- 
ber of a research team, he finds that he 
must not only “speak the language” of his 
colleague, but he must also understand 
the problems, the potentialities, and the 
limitations of the branch of science of 
which his colleague isa member. It is the 
opinion of this reviewer that this book in 
its own quiet way will do much to bridge 
the gap between the sciences. 

Admittedly, however, the book is 
written primarily for the biologist and 
written with such affectionate care and 
understanding that the biologist cannot 
fail to benefit considerably. In his pref- 
ace, Dr. Comar states, “Chapter I pre- 
sents certain basic principles unobscured 
by consideration of nuclear physics and 
experimental details. These principles 
are illustrated by examples drawn from 
such diverse fields as physiology, nutri- 
tion, entomology, and soils and fertilizers.” 
This is indeed true, and it illustrates the 
literary and pedagogical techniques which 
serve to enhance the value of the book. 

The book is profusely illustrated with 
clear legible drawings and photographs 
from which unnecessary and distracting 
detail has been omitted but to which con- 
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cise but complete explanations have been 
added. Throughout the book are copious 
bibliographies on a ‘variety of subjects. 
The extent of the bibliographies assures 
the reader of the accuracy of the text, for 
it is obvious that each detail has been 
checked with painstaking care. More- 
over, confusion has been dispelled with 
authority, as witness Dr. Comar’s discus- 
sion on page 88 of the various definitions 
and conversion factors encountered when 
one is talking of the radiation dose re- 
ceived by tissue. 

It seems customary for reviewers to 
point out at least one or two faults in any 
book, however good it may otherwise be. 
In this case this is almost impossible. 
The only point which this reviewer could 
find to debate is a trivial one on page 120 
regarding the decontamination properties 
of bench tops. 

Of special interest to this particular re- 
viewer is Chapter 6, a long, detailed, and 
highly useful chapter on Properties and 
Procedures for Individual Radioisotopes. 
Here, in 122 pages, the author methodi- 
cally discusses radioisotopes of some 55 dif- 
ferent chemical elements; data are tabu- 
lated in a systematic form which makes 
ready reference later a pleasure. This 
reviewer would like to remonstrate gently 
with the author for not including such 
newly available radioisotopes as fluorine-18 
and iodine-132, but such expostulation 
is not to be taken very seriously, inas- 
much as the book, as it stands, represents 
not only an excellent text but a compila- 
tion of considerable proportions. 

To sum up, this book is highly recom- 
mended to all biologists and to those 
chemists and physicists whose work does 
or may border on biology. 


LOUIS G,. STANG, JR. 


BROOKHAVEN NATIONAL LABORATORY 
Upton, Lone Istanp, New York 


THE CHEMISTRY AND TECHNOLOGY 
OF WAXES 


Albin H. Warth, Wax Research Con- 
sultant, The Crown Cork and Seal Co., 
Baltimore, Maryland. Second edition. 
Reinhold Publishing Corp., New York, 
1956. vii + 940 pp. 39 figs. 93 
tables. 16 X 23.5cm. $18. 


Tuis definitive reference work has been 
enlarged greatly over its 1947 first edition. 
(See THIS JOURNAL 25, 239 (1948).) The 
increase in size reflects both the increased 
developments in wax technology and the 
author’s success in keeping his coverage 
up-to-date. Though written for those 
whose work is with waxes, the widespread 
application of these compounds usually 
neglected by the organic chemistry courses 
makes this a necessary book for every 
college library. 


W. F. K. 


THE CONDENSED CHEMICAL 
DICTIONARY 


Arthur and Elizabeth Rose, State 
College, Pennsylvania. Fifth edition. 
Reinhold Publishing Corp., New York, 
1956. xix + 1200 pp. 16 X 23 cm. 
$12.50. 


Henk: is the first place to look for prac- 
tical chemical information. A single- 
volume work which can give short encyclo- 
pedic treatment to ‘“einstinium,” ‘elutri- 
ation,” and ‘‘Elvacet” on the same page is 
one which belongs on or near the desk of 
every chemist. Over 30,000 up-to-date 
entries are included on the 1,200 easy-to- 
read pages. Thousands of trade and 
brand names are identified; those ma- 
terials considered hazardous to transport 
are indicated. 


KNIFE-EDGE BEARINGS 


P. J. Geary, England. British Scientific 
Instrument Research Association, South 
Hill, Chislehurst, Kent, England, 1955. 
viii + 61 pp. 19 figs. 15.5 & 24 cm. 
Paper bound. $1.50. 


Tuis is the second in the series of bibli- 
ographical surveys on instrument parts 
published by the British Scientific Instru- 
ment Research Association. The in- 
formation is empirical but critically 
assembled and correlated. Line drawings 
are good. This is a definitive work on a 
“narrow” topic. 


W. F. K. 
THE CHEMISTRY AND 
REACTIVITY OF COLLAGEN 
K. H. Gustavson, Garveriniringens 


Forskningsinstitut, Stockholm. Academic 
Press, Inc., New York, 1956. ix x 342 
pp. 46 figs. 37 tables. 16 X 23.5 cm. 
$8. 


Tuts monograph consisting of 13 chap- 
ters ‘gives an outline of the chemistry of 
collagen, its structural organization and 
behavior, particularly in reversible aque- 
ous systems, in the light of the modern con- 
cepts of proteins and protein reactions. 
The nature of the stabilizing forces in col- 
lagen and their alteration on various pre- 
treatments of collagen, including the hy- 
drothermal shrinkage, are comprehensively 
discussed, as are problems of importance 
in biochemistry, medicine, and _tech- 
nology.’”’ Special attention is given to re- 
actions forming the basis for the processing 
of skin prior to tanning, and for the mak- 
ing of gelatin. Although the book has been 
developed around the problems whic! 
Gustavson considers to be the outstanding 
and actual ones at present, the various 
aspects of collagen are more widely ani 
extensively covered in this text than in 
any other book on this important class of 
proteins. ‘The available books on colla- 
gen are limited in scope, principally treat- 
ing the physics of collagen, its structure 
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and the solubilized collagens, whereas the 
chemistry and reactivity are given scant 
attention only. These last are the princi- 
pal issues of this book. The presentation 
has been arranged to suit the nonspecial- 
jst as well as the specialist.’’ The problem 
of cross linking of collagen is covered 
comprehensively. 

The background for this monograph is 
the author’s intensive work with collagen 
in the form of hides and skins for nearly 40 
years. It isa most comprehensive treatise 
and in the opinion and knowledge of the 
reviewer the best work on the subject now 
existing. It is also a beautiful example of 
the printers’ art. 


ARTHUR W. THOMAS 
CoLuMBIA UNIVERSITY 
New York, New York 


ESSAYS IN BIOCHEMISTRY 


Edited by Samuel Graff. John Wiley & 
Sons, Inc., New York, 1956. x + 345 pp. 
Figs. and tables. 15.5 X 23.5cm. $6.50. 


“Essays IN BlocHEMISTRY’’ was written 
in tribute to Professor Hans Thacher 
Clarke by former students and academic 
associates on the occasion of his retirement. 
Twenty-five biochemical subjects are sur- 
veyed by experienced researchers in essays 
which give the reader an evaluation of the 
present status of research on the problem 
concerned and an over-all appraisal of 
hypotheses now being experimentally 
tested in various laboratories. To many 
readers, the philosophy of the research ap- 
proach expressed in the following essays 
will stimulate some reflective thinking: 
“Very big and very small—remarks on 
conjugated proteins,’ by E. Chargaff; 
“Biochemistry of lysogeny,’’ by E. Borek; 
“Unbalanced growth and death, a study 
in thymine metabolism,”’ by 8. 8. Cohen; 
“The chemical basis of heredity deter- 
minants,’’ by Stephen Zamenhof; ‘Some 
thoughts on the biochemistry of steroid 
hormones,”’ by L. L. Engel; and ‘On the 
bigness of enzymes by D. Rittenberg. 

It is not surprising that ‘‘Biosynthesis of 
peptide bonds,”’ by J. S. Fruton, “On de- 
termining the chemical structure of pro- 
teins,’? by W. H. Stein, ‘Some aspects of 
nitrogen transfer in biosynthetic mech- 
anisms,’’ by 8. Ratner, and ‘‘The nitrogen- 
sparing effect of glucose,’’ by H. D. Hober- 
man, are found among the titles since the 
subject of proteins is so vital to the field 
these scientists represent. Likewise, ‘‘Het- 
erogeneity of deoxyribonucleic acid,’’ by 
A. Bendich, ‘“‘The biochemistry of the 
bacterial viruses,’ by E. A. Evans, Jr., 
“On the nature of cancer,’’ by 8S. Graff, 
along with articles previously mentioned, 
by S. S. Cohen and 8. Zamenhof, present 
the challenge to the modern biological 
scientist—the chemical basis for the trans- 
mission of genetic characteristics of living 
cells, 

The diversity of subjects covered is sug- 
gested by the following titles: ‘Biosyn- 


thesis of branched-chain compounds,” 
by Konrad Bloch; ‘Some metabolic prod- 
ucts of basidiomycetes,’’ by M. Anchel; 
“The development of a plasma volume 
expander,”’ by M. Bovarnick and M. R. 
Bovarnick; ‘Problems in lipide metabo- 
lism,’’ by S. Gurin; ‘‘Tetrazoles as carbox- 
ylic acid analogs,’”’ by R. M. Herbst; 
“The structural basis for the differentia- 
tion of identical groups in asymmetric 
reactions,’ by H. Hirschmann; ‘The 
metabolism of inositol in microorganisms: 
a study of molecular conformation and 
biochemical reactivity,’’ by B. Maga- 
sanik; ‘The biochemistry of ferritin,”’ 
by A. Mazur; “The biosynthesis of por- 
phyrins,’”’ by D. Shemin; ‘The role of 
carbohydrates in the biosynthesis of aro- 
matic compounds,’”’ by D. B. Sprinson; 
“Giycogen turnover,’’ by D. Stetten, 
Jr., and M. R. Stetten; and ‘“‘The vera- 
trum alkamines,’’ by O. Wintersteiner. 

In summary, the following statement 
from the preface is apropos: ‘‘The essay- 
ists were accorded free rein in regard to 
subject and style. The articles, for the 
most part, are neither reviews nor experi- 
mental reports. Some are critical discus- 
sions of the status of a biochemical prob- 
lem at the time of writing, whereas others 
are frankly speculative or deliberately 
provocative.’ Students, teachers, and re- 
searchers alike will find ‘‘Essays’’ stimu- 
lating reading. 


ORVILLE G. BENTLEY 
AGRICULTURAL EXPERIMENT STATION 
Wooster, Oxn10 


BLOOD GROUP SUBSTANCES: 
THEIR CHEMISTRY AND 
IMMUNOCHEMISTRY 


Elvin A. Kabat, Departments of Micro- 
biology and Neurology, College of Physi- 
cians and Surgeons, Columbia University, 
and Neurological Institute, Presbyterian 
Hospital, New York. Academic Press, Inc., 
New York, 1956. ix + 330 pp. Many 
figs. andtables. 16 X 23.5cm. $8. 


Tuis little volume is an attempt by one 
of the expert workers in the field to collect 
together the information now available 
on blood group substances. ‘‘The term 
hlood group substance refers to any of a 
number of substances on or in the surface 
of erythrocytes which are present in cer- 
tain individuals of a species but lacking 
in others.” At the present time in hu- 
mans alone about 50 different substances 
of this kind have been detected. In gen- 
eral they are complex structures contain- 
ing both polysaccharide and amino acid 
units. Only a few, however, have been 
the subject of detailed chemical investi- 
gation. Dr. Kabat devotes about half 
the book to a discussion of the purification 
and chemical reactivity of these few. 

The teacher of chemistry will find here 
a wealth of information illustrating the 
methods for studying complex molecules. 


Many fields of science are used in the 
work. ‘The chemistry of the blood group 
substances has been studied in few lab- 
oratories, but these investigations have 
had a considerable impact on and have 
drawn considerably from the related 
fields of Immunochemistry, Immunology, 
Carbohydrate and Protein Chemistry, 
Thermodynamics and Physical Chemis- 
try, Genetics, and Clinical Medicine.’ 
A stimulating feature of the book is the 
comments on the many aspects of the 
studies that are still incomplete either for 
lack of enough work or for lack of a good 
idea. Such suggestions ought to be a 
source of interest to the more mature 
students as they consider the kinds of 
chemical problems still waiting solution. 
Dr. Kabat has given an excellent presenta- 
tion of a subject filled with technical com- 
plications. 

LAURENCE E. STRONG 
EAaRLHAM COLLEGE 
RicHMOND, INDIANA 


ION EXCHANGE TECHNOLOGY 


Edited by F. C. Nachod, Sterling- 
Winthrop Research Institute, and Jack 
Schubert, Argonne National Laboratory. 
Academic Press, Inc., New York, 1956. 
x + 660 pp. Many figs. and tables. 
16 X 23.5 cm. $15. 


THE growth of the importance of ion 
exchangers in technical operations has 
made this comprehensive survey of their 
present applications a welcome addition 
to any reference shelf. The fact that the 
contributors judiciously weigh the limita- 
tions as well as the advantages of employ- 
ing ion exchange resins, and that the 
chapters deal with the design, equipment, 
operation, and economics of the process 
makes the book so much the more valu- 
able. Nearly every chapter is alive with 
ideas, both explicit and implicit, for ad- 
ditional applications and for fruitful re- 
search. The editors aspired to produce 
“a book on ion exchange which would 
serve both as a reference and as a text- 
book for technologists and engineers.’’ 
They succeeded in compiling a reference 
work for chemists as well. Only as a text 
is it limited to technologists and engineers. 

The twenty chapters by thirty-four 
contributors are divided into two sections: 
fundamental aspects and applications. 
The treatment of fundamental aspects 
suffers from the absence of a unified dis- 
cussion of the physical chemistry of ion 
exchangers. Instead, topics such as the 
mechanism of exchange and the cause of 
swelling are dealt with whenever a con- 
tributor felt the necessity for discussing 
them. As a result, previous knowledge 
of ion exchange chemistry is often re- 
quired for a full appreciation of the dis- 
cussions. 

The applications that are discussed in- 
clude both commercial and not yet com- 
mercial uses: water treatment, metals 


= 


recovery, rare earth and radioisotope 
separations, organic chemicals purifica- 
tion, and biochemical and pharmaceutical 
applications. As could be expected, not 
all chapters are equally lucid nor equally 
well documented. Some of the data are 
presented without references, so that more 
complete explanations in the original 
papers cannot easily be obtained. This 
lack is somewhat offset by a twelve-page 
comprehensive author index, in addition 
to a thorough subject index and references 
at the end ofeach chapter. 

The book contains considerable dupli- 
cation of material. For instance, Chap- 
ter 10, Ion Exchange Technology in 
Water Treatment, covers much of the 
ground of Chapter 5, Principles of De- 
ionization with Ion Exchange Resins. 
Several chapters begin with nearly iden- 
tical brief histories of ion exchange. The 
duplications, together with some awk- 
ward phraseology, particularly in a chap- 
ter by a German contributor, suggest that 
the book did not receive the careful edi- 
torial attention which it deserves. How- 
ever, these shortcomings cannot detract 
from the usefulness of the work as a refer- 
ence to present and potential applications 
of ion exchangers. 


STEPHEN 8S. WINTER 
NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


DETERMINATION OF ORGANIC 
COMPOUNDS 


K. G. Stone, Associate Professor of Chem- 
istry, Michigan State University. Mc- 
Graw-Hill Book Co., Inc., New York, 
1956. v + 233 pp. Figs. and tables. 
16 X 23.5cm. $5. 


PRroFEssorR STONE’s }50k on quantita- 
tive organic analysis based on functional 
groups should be a worthwhile addition to 
any college or university library as well as 
a distinct asset to the personal library of 
any chemist who deals with analysis of 
organic materials. 

Complete and specific directions are 
given for the determination of all common 
types of organic compounds as well as a 
thorough documenting of all procedures. 
The limitation of sample size to the macro 
and semimicro range i3 a boon to the lab- 
oratory that does not have micro equip- 
ment or experience with micro techniques. 
In addition, Stone has included a number 
of problems which are thought-provoking 
and based on reality. The student will 
find them most helpful in checking his 
own knowledge of the field. 

This volume should find its greatest 
usefulness as a manual and secondary ref- 
erence work on organic analysis and as a 
graduate text. I have examined it care- 
fully with its use in undergraduate courses 
in mind. Although the theory of each 
determination is indicated, there is, in 
many cases, insufficient depth and detail. 
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For example, procedure 5-3, page 91, out- 
lines the determination of salts of organic 
acids. A typical undergraduate with the 
information given could run the deter- 
mination without difficulty, but he prob- 
ably would not understand what he had 
done unless the instructor explained the 
theory at length or assigned additional 
readings. It seems appropriate that a 
text for juniors and seniors should include 
sufficient theory so that out-of-class 
study is facilitated. 

Aside from this objection, the “Deter- 
mination of Organic Compounds”’ strikes 
me as an excellent and much-needed 
work. I found only one glaring error (p. 
144, problem 6-20) and no evidence of 
weakness in binding or printing. The 
paper is somewhat of a change from the 
usual McGraw-Hill standard, but the 
change seems reflected in a very modest 
price on the book. 


LEWIS N. PINO 


CoLorapo COLLEGE 
Cotorapo Springs, CoLoRADo 


STUDIES IN ANCIENT TECHNOLOGY. 
VOLUME III 


R. J. Forbes, University of Amsterdam, 
E. J. Brill, Leiden, 1955. 268 pp. 56 
figs. 24 tables. 16 X 25 cm. 


Proressor Forbes, in his latest book, 
has made a welcome addition to the grow- 
ing literature on the history of ancient and 
classical chemistry. In this work, the au- 
thor has concentrated largely on Egyp- 
tian, Greek, and Roman technology with 
minor attention paid to ancient Meso- 
potamian chemical technology. The vol- 
ume may be considered to be divided into 
five major sections; (1) cosmetics and per- 
fumes, including their preparation, reci- 
pes, and uses; (2) food, alcoholic bever- 
ages and vinegar, fermentation and prep- 
aration of beer and wine; (3) salts, preser- 
vation processes and mummification with 
discussions of early sodium chloride, 
natron, soap, saltpetre, sal ammoniac, 
alum and other preservatives; (4) paints, 
pigments, inks, and varnishes with a his- 
tory of media, grounds and their uses; 
(5) techniques of crushing and grinding 
with elaboration of the various types of 
querns, the donkey, rotary and roller 
mills and the kinds of ancient presses in 
use as well as their evolution. 

Each chapter is well provided with 
documentation and bibliography for the 
interested historian of chemistry. The 
final index to the volume is fairly full. 
Attention should be drawn to the author’s 
excellent collection of figures and tables 
which aid materially in making the book a 

_ very readable and satisfying one. 


MARTIN LEVEY 
Tempe UNIVERSITY 
PHILADELPHIA, PENNSYLVANIA 


LUDWIG BOLTZMANN: 
MENSCH, PHYSIKER, PHILOSOPH 


Engelbert Broda, Professor at the Chemi- 
cal Laboratory, University of Wien. 
Introduction by Hans Thirring. Pub- 
lished by Franz Deuticke, Vienna, 1955. 
viii + 152 pp. Figs. 15.5 xX 21.5 cm. 
About $2.30, paper bound; $2.75, cloth 
bound. 


Tue biography of Ludwig Boltzmann, 
by Engelbert Broda, starts with the sen- 
tence, “The Life of Ludwig Boltzmann, 
obviously the most outstanding thinker 
Austria has produced. . . .’’; and in the 
introduction, Hans Thirring calls Boltz- 
mann, ‘‘not only an outstanding physicist, 
but also one of the most eminent thinkers 
of his country, Austria.’”’ These two 
statements are given to show the very 
high reputation that Boltzmann had in 
his own country. 

Boltzmann born in Vienna 1844 grew up 
in a well-to-do family and had the most 
careful education. The reviewer noted 
with interest that he had piano lessons 
from one of the most famous composers of 
the time, A. Bruckner. He made a bril- 
liant scientific career and became the 
Professor of Mathematical Physics in 
Graz at the age of twenty-five. 

He was visiting in Heidelberg as a guest 
of Bunsen and in Berlin with Kirchhoff 
and Helmholtz from 1869 to 1871. From 
1873 to 1876 he was Professor of Mathe- 


‘matics at Vienna, and then returned to 
‘Graz. He was so famous at this time, 


though only in his early thirties, that the 
young Walther Nernst and Svante Arrhen- 
ius went to Graz to study under him. 

It is interesting to notice that Boltz- 
mann did not accept the Professorship in 
1888 to Berlin on the chair of the late 
Kirchhoff, but preferred to stay in Austria. 
Boltzmann may have regretted this de- 
cision because this chair afterward was 
occupied by Max Planck and became the 
most outstanding chair a_ theoretical 
physicist of the German language could 
obtain. He went to Munich in 1890 as 
Professor of Theoretical Physics, and in 
1894 followed Stefan on the chair for 
Theoretical Physics at Vienna with «a 
short intermission to Leipzig till his death 
on the fifth of September, 1906. 

Boltzmann was very gifted, not only in 
physics and mathematics but also in 
music, and philosophy. Nevertheless, in 
personal relations he was very kind and 
congenial. He liked society and was very 
outspoken; sometimes humorous, some- 
times sarcastic. It illustrates the very 
high cultural level of Vienna of those days, 
since the names of not only Boltzmann 
and his colleagues, but also most of his 
friends, are still remembered today in 
Austria and elsewhere. 

His immortal works, to mention only 
entropy and probability, Boltzmann dis- 
tribution, and statistical mechanics, plac« 
him with the most outstanding men o! 


(Continued on page A550) 
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The Annual index for Volume 33 of the JouRNAL or CHEMICAL 
EpucaTIon is divided into several parts. Authors are listed in 
i authors of articles, books reviewed, and letters 
to the editor. The subject index includes both subjects and 


three sections: 


Asernetuy, Jonn Leo. Observations of 
the new PSACT editor.............. 
Personalities and trends............... 
Some difficulties and common errors re- 
lated to the designation of sugar con- 
Autey, C. A.—See Joncicnu, M. J. 
Atrman, Cart, A. K. Prince, anp KeEn- 
NETH Scuua. Crossword puzzle 
Atyea, Hupert N. Nuclear reactors in the 


Tested Demonstrations in General Chem- 
istry..... Jan. 13A, Revise 12 and Feb. 
15, 19, March 15, April 15, May 15, 
June 15, July A291, Aug. A327, Sept. 
A377 Oct. A453, Nov. A505, Dec. A541 
Anpre, CHARLES E.—See Devor, ARTHUR 
w. 
Asmov, Isaac. The el tary Pp 
tion of the earth 


Bannon, B. G.—See Pinxus, A. G. 

Bassett, Lewis G. An experiment in 
chemical education: an honors course 
in analytical chemistry.............. 

Bessincer, F., anp V. Pretorius. A con- 
stant-temperature vapor bath 

Beverty, J. B.—See MaArscuHner, Robert 
F. 

Brinper, L. O. An automatic still-head 


Bisnop, Joun A. Fluorescent lighting as 
an analytical hazard................ 

Biacx, ArTuur H., anp Vance H. Dop- 
son. A “clock reaction’’ for a begin- 
ning course in college chemistry..... . 

Buiack, J. H.—See Wrieut, J. H. 

Biake, Ricuarp F. Demonstration of dy- 
namic nature of ions using I'#’,........ 

Borcnarpt, Hans J. Differential thermal 


Borer, Rospert M. Service personnel for 
university chemistry departments... . . 
BRENNAN, DesMOND, AND CHARLES Kem- 
BALL. Gas-phase chromatography: a 
Brown, Surruey A., AND James E. Lanp. 
An automatic leveling pycnometer... . 
Buttman, J. D., anp J. M. Leonarp. A 
—See LEonarRD, J. M. 
Bureer, ALFRED. Rational approaches to 
drug structure : 
BuRKHALTER, T.S. The high-school gradu- 
ate’s preparedness for college chemis- 
Burns, Crata. Chemical accidents involv- 
Buscn, Daryte H. The coordinate bond 
and the nature of complex inorganic 
compounds. 
I. The formation of single covalent 


II. Double-bonding, the promotion of 
electrons, and kinetic effects of bond 


Carterton, Rosert H. Research-team 
conferences for science teachers....... 


174 


67 


636 


330 
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AUTHOR INDEX 


Cassipy, Harotp G. The nature of chro- 
Cueronis, D., anp Herman 
Sremn. Apparatus and experiments 
for icro experi in gen- 
eral chemistry at the college and high- 
Tetrazolium salts as chemical reagents. . 
CurisTian, Joun D. Zone refining........ 
Louris W. An inexpensive mercury 
Cuieaa, R. B.—See Hern, R. E. 
Coun, Ernst M. Systematic approach to 
manuscript preparation 
AND Harry Perry. Activities and pub- 
lications of the Bureau of Mines...... 
Cotton, Ervin. Metals in the uninegative 


Corsett, Joun D.—See McMut tan, 
Ricuarp K. 
Corretyovu, The training of 
hemists and chemical gi s for 


technical journalism ................ 
W. P. Cortetyrov. National Cooper- 
ative Undergraduate Chemical Re- 
Corwin, James F, Austin McDowell Pat- 
terson 
Cout., James—See Waricurt, J. H. 
Curtuoys, G. C.—See Waker, W. R. 


Dante, Louise J.—See Rosinson, TREVOR 

Davies, MANSEL, AND H. B. Hattam. The 
deter lecul iati 
equilibria from distribution and related 

Davis, D. 8. The educational role of the 
technical editor 


tion of 


Day, Harry G.—See Scnaap, Warp B. 
Detnez, Rospert. Simulated research: a 
Belgian experiment................. 
Deverevx, Sister Mary Amprose, §.N.- 
J.M., Hues B. Donanor, anp Kazvo 
K. Krwora. A physiological basis for 
the grouping of the elements—James 
Devor, Artuur W., Epwarp B. TitcH- 
ENER, CHARLES B. ANDRE, AND WALTER 
J. Frasova. Notes on thé lyophiliza- 
DeVries, THomas. Experience in the 
teaching of spectrochemical analysis. . 
Ciype R. A phosphine fire flask. 
Dopson, Vance H. Atomic models for a 
beginning course in college chemistry. . 
Buack, ArTHUR H. 
Donanoe, B.—See Deverevx, Sis- 
TER Mary Ampross, S.N.J.M. 


Essinc, Darrett—See Sincu, BHAGAT 
Epwarps, T. BentLey. The summer con- 
ferences 
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64 
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322 
57 


94 
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137 
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Erseman, Frep B., Jr. A device for dem- 
onstrating conductivity of solutions. . . 
Ersen.torp, J. Tempest in a test 


Esrox, Georce K. An adjustable periodic 
chart for lecture purposes............ 
Simple generalized reaction schemes... . 
Ewrne, Gaten W. The recording poten- 


Farser, Epvarp. The glycol centenary. . 
Fexuner, Francis P. Growing crystals. . 
Fereuson, Luoyp N. Hydrogen bonding 
and physical properties of substances. . 
Frexers, B. A., S.J. A formula for 
indirect 
Fit, M. A.—See Stock, Joun T. 
FLEISCHER, MICHAEL, AND MARJORIE 
Hooker. Variation in content of ab- 
stracts according to use............. 
Foster, Laurence 8S. Teaching mass- 
energy equivalence. 
Fow es, Geratp W. A., AnD CHaRLes M. 
Pieass. Transfer tubes and tube 
Frasota, WALTER J.—See Devon, ARTHUR 
w. 
Fromm, Fritz. A three-year program for 
undergraduate seminar and research... 


Gasriet, Henry. Quantitative work in 
freshman chemistry................- 
Garrett, Atrrep B. Nuclear batteries. . . 
Gayrer, Kart H., anp Leo Woontner. 
Conductivity water preparation. .... . 
Gerrner, Saut. Teaching college 
try to selected high-school seniors... . . 
Gero, ALEXANDER. Some remarks on “the 
role of chemistry in the pre-medical cur- 
Guaprevx, J. An_ industry- 
sponsored in-service training program 
for high-school science teachers...... . 
Guasoez, Paut K. Survey of methods for 
routine analysis of inorganic chemi- 
cals in industrial laboratories........ 
Gorn, Georce. Indicators and the basis 
Gorman, Mev. A chemistry library ex- 
hibit for high-school visitors day..... 
Some aspects of hydrogen bonding in 
Govutp, Epwrn S. An intermediate course 
in inorganic ehemistry: the case for 
reactions, syntheses, and exercises... . 
Greer, Frances, AND Cuiirrorp T. Lar- 
SEN. Inexpensive apparatus for 
speedy evaporation................. 
Green, Sister Aanes ANN—See SLATEN, 
LyNnorE 
Gregory, N. W. Electronic configurations 
and atomic term symbols............ 
Grove, C. 8., Jn.—See Scnoen, HERBERT 
M. 
Guerra, Jorce. A logarithmic triangular 
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Guecenuem, E. A. Textbook errors: 


Hascoop, Henry W. A lecture demon- 
stration of liquid-vapor critical phe- 


Havasz, A. Preparation of carbonyl com- 
pounds by catalytic dehydrogenation 

H. E.—See Davies, MANSEL 

Hern, R. E., anv R. E. Cueaa. A labora- 
tory experiment on exchange and bind- 
ing of Ca“ by serum proteins......... 

AnD R. M. McFaruanp. Radiometric 
analysis for chloride ion. . 

Hickman, James B. A laboratory experi- 
ment in photometry................ 

Hopees, Epirn V. The role of the second- 
ary school in science training........ 

Hooxer, Marsorte—See FLeiscHer, Mi- 
CHAEL 

Hosen, M. Scientific and technical litera- 
ture of the U.S. 8S. R. 

I. Publications and publishers......... 

Mineral sources and ex- 
traction methods for the elements... . 

Hurp, Cnartes B. How can more stu- 
dents be encouraged to study chemis- 


lupe, Aaron J. Antecedents to the —- 
t of the el 

The pillars of modern 

Imprie, Maraaret W. Activitier of the 

literature group in a chemical library. . 


Jarré, Hans H. The energies of electrons 
in atoms: an exercise for students in a 
valence theory course............... 

James, Froyp L. Molecular-model exami- 
nation in organic chemistry.......... 

Jenxins, E. F.—See Quam, G. N. 


Jenkins, L. T. Low-temperature poly- 
merization: a laboratory demonstra- 

Jounson, Leroy D. Sleuthing in the 
chemistry laboratory: an impromptu 

Jotty, L. Interpreting liquid 


try with thermody- 
Joncicu, M. J., C. A. ALLEY, AND M. Kow- 
AKA. Apparatus for the — distilla- 
tion of mercury........... 


Cuartes.—See BRENNAN, 
MOND 
Kern, Davin M. The heat of sublimation 


Kuarascu, NorMan. 
ties of 2,4-dinitrob lf 


yl chlo- 


Kimura, Kazvo Deverevx, 
TER Mary Amsrosz, S.N.J.M. 
Kino, C. ALBERT. in cell- 


Kuermsere, J A008. oxidation 


Kosr, Kennetn A. What colleges are 
doing to train chemists and chemical 
gi s in technical writing........ 
Kotrnorr, I. M. Instrumental methods in 
analytical curricula............ 
Kowaka, M.—See Joncicu, M. J. 
Kremer, Cuester B. The laboratory prep- 
aration of a simple vitamin: p-amino- 
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Kurz, Pumip F. Self-controlling etch for 


Kurzer, Freperick, AND M. 
Sanperson. Urea in the history of or- 


Lanp, James E.—See Brown, A. 

Laitinen, H. A. Introductory remarks to 
symp on probl in the teach- 
ing of instrumental analysis.......... 

Larsen, Cuirrorp T.—See Greer, 
FRANCES. 

LeurRMAN, Leo, AND Pavut ScHNEIDER. 
Qualitative analysis of alloys contain- 
ing molybdenum. . 

Leonarp, J. M., ano J. D. Buttman. A 
convenient method of determining 

—See Buttman, J. D. 
Lewis, Harry F. Numbers and what they 


LiepMann, A. J. History of distillation. . 
Lippincott, W. T., AND RoGEeR 
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be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled ‘‘Chemical Drawing” [“‘I. Fundamentals of chemi- 
cal drawing,” J. Cuem. Epvuc., 11, 21-3 (1934); “II. Conven- 
tional representation of materials and equipment,” 23-7. ‘III. 
Arrangement of drawings,” 154-8 “IV. Charts, graphs, and 
diagrams,” 235-41 ‘“V. Photographs,” 546-50.] 

5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Reprints are 
delivered approximately one month after articles appear. 


: 
i 
: 
i 
1 
| 
by 
| 
: 
= 
\ 


illustra- 
is Many 
election 
al staff. 
resented 
re some- 
d, it is 

Unless 
t should 


at least 
are un- 
nd dark 
exercise 
redit. 
dia ink 
ue-lined 
in the 
cale re- 


only, 
e black- 
aters on 

except 
by true 

letters 
it must 
rtioned 
g of the 
cessary 
in the 
er than 
are not 
1g can- 
taken 


, at the 


ovided 
should 
author 


E. M. 
chemi- 
onven- 

“TTT. 
is, and 


‘se side 
nts are 


7 
— 
a 
ON\ 
D 
AW 
Hi 
D 
Ww 
Gap 
Wat 
E 
AB 
T 
AB 
Cc 
AB 
EN 
B Je 
BRI 
B 
RI 
P 
1 
1 
Da 
Dy: 
P. 
le 


ONVENTION HALL 


ATLANTIC CITY, N. J. 


SEPTEMBER 16-21, 1956 


HIGH SCHOOL TEXTS 


Hoge, Joun C., ALLEY, OT1s Epwarp and BickEL, CHARLEs L. 
Chemistry: A Course for High Schools. 3rd Edition 1953 
784 pp $4.36 D. Van Nostrand Co., Inc. (#1) 

§., HEIss, Etwoop D. and MONTGOMERY, 
Gartorp C. Science in Everyday Life. 1953 620pp #4. 12 
D. Van Nostrand Co., Ine. #2 

Raw.ins, GEorGE M. and StTrRuBLE, ALDEN H. Chemistry in 
Action. 3rd Edition 1956 599 pp $4.40 D.C. Heath (#3) 

WersBRuUCH, BROTHER FRED T. Semimicro Laboratory Exercises in 
High School Chemisiry. 2nd Edition 1956 296 pp $1.88 
D. C. Heath & Company. (#4) 


SURVEY 


BawbEN, ArtHuUR T. Man’s Physical Universe. 
1950 822 pp $6.00 Macmillan. (#5) 
CaBLE, EMMETT GetTcHELL, Rospert W. and Kapescu, 
WiiuraM H. The Physical Sciences. 3rd Edition 1951 544 
pp $5.95 Prentice-Hall, Inc. (#6) 
Cueronis, N. D., PARSONS, J. B. and RonNEBERG, C.E. A 
Study of the Physical World. 1950 907 pp $6.25 Hore 
ton Mi Co. (#7 
Gappum, L. W. and Know es, H. L. Our Physical 
ment. 1953 625 pp $5.50 Houghton Mifflin Co. 
Watt, G. W., and Hatcn, L. F. The Science of Chemistry. 2nd 
Edition 1954 546 pp $5.50 McGraw-Hill. (#9) 


3rd Edition 


GENERAL CHEMISTRY 
Bazor, A. Basic College Chemistry. 2nd Edition 1953 
766 pp $5.50 Thomas Y. Crowell Co. (#10) 


Bapor, JosepH A., and Kremer, Cuester B. How to Solve 
Problems in General Chemistry. 2nd Edition 1955 
Thomas Y. Crowell Co. (#11) 

Bazor, JosepH A., and LEHRMAN, ALEXANDER. General College 


Chemist 3rd’ Edition 1951 800 pp $5.50 Thomas Y. 
Crowell Co. (#12) 
Basor, JosepH A., and LEHRMAN, ALEXANDER. Introductory 
College Chemistry. 2nd Edition 1950 814 pp $5.50 
Thomas Y. Crowell Co. (#13) 
Benson, S. W. Chemical Calculations. 1952 217 pp $2.95 
John Wiley & Sons, Inc. 


#14) 
Bogert, L. JEAN. Fundamentals of Chemistry. 7th Edition 
1953 648 pp $4.50 W. B. Saunders Co. (415) 
Braver, Oscar L., and Peterson, P. Victor. Student Self- 
Help Book in College Chemistry. 2nd Edition 1948 180 pp 
$2.50 Wm. C. Brown Company. (#16) 
BrINKLEY, Stuart R. Principles of General Chemistry. 4th 
Edition 1951 703 pp $6.00 Macmillan. 17) 
Briscoz, H. T.. College Chemistry. 4th Edition 1951 564 
pp $5.75 Houghton Mifflin Co. (#18) 
Briscoz, H. T. Chemistry for Colleges. 4th a 
1949 °773 pp $6.25 Houghton Mifflin Co. 19) 
Brooks, Stewart M. Basic Facts of General Chemistry. 1956 
375 pp $4.75 W. B. Saunders Co. (#20) 
Cornoae, Semimicro Experiments in General 
1947 iy Vel $3.00 Ginn & Co. (#21) 
eer R. A Course in College Chemistry. 1952 587 
pp 50 acmillan. #22) 
Deminea, H. General Chemistry. 6th Edition 1952 656 
pp $6.50 John Wiley & Sons, Inc. (#23) 
Dyer, Water and Manrrep. A Practical 
Survey o o, Chama Revised 1 564 pp $5.00 Henry 
Holt & Ine (#24) 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Exret, WituiamM F. Smith’s College Chemistry. 6th Edition 
1946 677 pp $5.50 Appleton-Century-Crofts, Inc. (#25) 
Exret, F. Smith’s Introductory College Chemistry. 
3rd Edition 1950 51lpp $5.00 Appleton-Century-Crofts, 
Inc. (#26) 
Francis, CHARLOTTE A., and Morse, Epna C. Fundamentals 
of Chemistry and Application. 4th Edition 1950 Next edi- 
tion 1956 Macmillan. (#27) 
Frey, Paut R. College Chemistry. 1952 653 pp $6.50 
Prentice-Hall, Inc. (#28) 
GARRETT, ALFRED B., Haskins, JosepH F., and Sister, Harry 
H. Essentials of Chemistry. 1951 576 pp $5.25 "Ginn & 
Co. (#29) 
GakvetTt, ALFRED B., Haskins, JosepH F., Sister, Harry H., 
and KurBaTov, Marcaret H. Essentials of if Eazperimental 
Chemistry. 1951 336 pp $3.25 Ginn & Co. (#30) 
Goostray, and Scawenck, J. Raz. Textbook of Chem- 
istry. 7th Edition 1954 500 pp $4.75 Macmillan. (#31) 
Hotmes, Cuauncey D. Introductory College Chemistry. 5th 
Edition 1951 594 pp $5.75 Macmillan. (#32) 
Hotmes, Harry N. General Chemistry. 5th Edition 1949 
808 pp $6.00 Macmillan. (#33) 
HILDEBRAND, JoEL H., and Poweuu, Ricuarp E. Principles of 
Chemistry. 6th Edition 1952 444 pp $4.50 ome 
#34 


HILDEBRAND, JoEL H., and Ricuarp E. Principles 
of Chemistry. (with Latimer-Hildebrand Reference Book of 
norganic Chemistry, 3rd Edition) 6th Edition 1952 625 pp 
$7.50 Macmillan. (#35) 
Kine, G. Brooks, and CaLpwELL, EE. The Fundamen- 
tals of College Chemistry. 2nd Edition 1954 598 pp $4.50 
American Book Company. (#36) 
LatTIMER, WENDELL-M., and Hi~pEBRAND, H. Reference 
Book of eon ong Chemistry. 3rd Edition 1951 625 pp 
$5.25 Macmillan 7 
LAUBENGAYER W. General Chemistry. 
$5.50 Rinehart & Co., Inc. 
Luper, F., VERNON, 
Saverto. General Chemistry. 1953 595 pp $6.00 W. B. 
Saunders Co. (#39) 
Mack, Epwarp, GARRETT, ALFRED B., Haskins, Josepu F. 
and VeRHOEK, Frank H. Textbook of Chemistry. 2nd Edi- 
tion 1956 863 pp $6.50 Ginn & Co. (#40) 
MarxkuaM, E, C., and Smit, SHERMAN. General Chemistry. 


Artur A., and ZUFFANTI, 


1954 613 pp $6.00 Houghton Mifflin Co. (#41) 
Meyer, Lituian H. Introductory Chemistry. 1951 523 pp 
$5. 25. Macmillan. 2) 


#4. 
MysEts, J., and CopELAND, CHARLES 8. Introduction to 
the Science of Chemistry. 1952 527 pp $5.00 Ginn & Co. 


(#43) 
Nrtz, Orro W. Introductory Chemistry. 1956 528 pp $5.75 
D. Van Nostrand Co., Inc. (#44) 
Noyes, Artuur A., and SHERRILL, Mites 8S. Course of Study in 
Chemical Principles. 2nd Edition 1938 554 pp ; 
Maemillan. (#45) 
Pauuine, Linus. College Chemistry. 2nd Edition 1955 697 
pp $6.25 W.H. Freeman & Co. (#46) 
Ricuarpson, Leon B., and Scartett, ANDREW J. Brief College 
1951 470 pp $5.25 Henry Holt 


& Co., Inc. (#47) 
Ritter, ALL. I ntroductory Course in Chemistry. 1955 179 pp 
$2.50 John Wiley & Sons, Inc. (#48) 
Ritter, H. L. Introduction to Chemisiry. 1955 649 pp $6.50 


John Wiley & Sons, Inc. 
Rocnow, E. G., and Witson, M. K. General Chemistry. 
602 pp $6.50 John Wiley & Sons, Inc. 


> 
} 
} 
| 
e 
3 
My 
(#50) 
j 
Be 


COLLEGE TEXTS 


PHYSICAL CHEMISTRY, 2nd 


by WALTER J. MOORE, Indiana University 


This second edition of a widely acclaimed text is the 
first single-volume one to include a modern treatment 
of both molecular structure and chemical kinetics. 
The improvements are many and include a more 
teachable method of introducing concepts of tempera- 
ture . . . an increased amount of carefully graded 
problem material . . . the addition of significant il- 
lustrative examples. . . problems varying in difficulty 
so that even the best student is challenged. 


In addition, a completely new chapter presents an 
excellent discussion of radiation and photochemistry. 
The unusually popular chapter on chemical kinetics 


Edition 


has been rewritten and enlarged. The historical dis- 
cussions of atomic structures and nuclear chemistry 
are thoroughly revised to provide the necessary back- 
ground for the study of molecular structure. Wave 
mechanics and statistical mechanics are treated as an 
integral part of physical chemistry. Necessary 
mathematical exactness is emphasized. An entire 
chapter has been devoted to the basic principles of 
quantum theory and mechanics. 


First edition was adopted by: Harvard University, 
Columbia University, M.I.T., Rice Institute, and 
many others. 

633 pages 6"x 9” 


CHEMICAL THERMODYNAMICS— 


Basic Theory and Methods 
by IRVING M. KLOTZ, Northwestern University 


There are two primary objectives in this basic text: 
1. to present the logical interrelationships of thermo- 
dynamic theory; 2. to show the exact methods by 
which these basic principles may be applied to 
practical problems. 


To fulfill these objectives and to maintain a logical 
unity throughout the book, Professor Klotz adopts a 
classical approach to thermodynamics, and excludes 
entirely the statistical viewpoint. 


To assist the student in the retention, as well as the 
understanding of basic principles, a clear focus of the 
main objective of chemical thermodynamics is main- 
tained which explicitly indicates the place of each 
topic in the general program. In addition, the use of 
operational definitions helps to free students of the 
need for a mechanical analogue to each new concept. 


369 pages 6” x 9” 


INTRODUCTION TO STATISTICAL THERMODYNAMICS 


by MALCOLM DOLE, Northwestern University 


Simple and concise, this work bridges the gap be- 
tween thermodynamics and kinetics on one hand, be- 
tween chemistry and physics on the other. 


Designed to clarify and simplify the approach to this 
difficult field, this text is immediately adaptable to: 
courses in statistical thermodynamics; beginning 
courses in statistical mechanics; those portions of 
chemical thermodynamics courses in which you apply 
other than classical treatment; advanced physical 
chemistry courses; thermodynamics courses for 
chemical engineers. 


QUANTUM CHEMISTRY 


by KENNETH S. PITZER, University of California 


A different and widely accepted text that makes it 
possible to present quantum theory to a broader 
group of students. The book accomplishes this by 
featuring problems of direct chemical interest, while the 
presentation of pure quantum theory is held to a 
thorough study of the real essentials. For example: 
molecular spectra (including dye-like molecules), 
and the solid state receive extensive treatments. A 
balanced presentation of the various methods of treat- 
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Specific, practical applications of these principles are 
introduced as quickly as possible so that active class 
interest is maintained. Chapter II, for instance, de- 
scribes some mathematical aspects of probability and 
Chapter III applies these methods to the distribution 
of molecular weights in linear condensation polymers. 
Theory and practice are balanced in this fashion, 
throughout the text. 


250 pages 554” x 834” 


ment of chemical bonds, i.e., molecular orbital, bond 
orbital, etc., is offered. A full chapter is devoted to 
nuclear phenomena. 


This text contains the latest information in the field, 
and includes 24 appendices of two types: a) the more 
involved mathematical proofs; and b) the tables of 
use primarily in applications rather than in initial 
understanding. 


529 pages 55,” x 834” illus. 
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2nd_ Edition 1955 295 pp $2.75 Appleton-Century- 
Crofts, (#77) 

FerNeuius, W Conarp, Garrett, ALFRED B., and QUILL, 
Laurence L. Fundamentals in Chemistry jor the Laboratory, 
Complete Course. Revised Edition 1950 375 pp $4.00 
Ginn & Co. (#78) 

Frantz, Harper W. A Laboratory ya gh Chemical Principles. 
2nd Edition 1956 296 p $2.75 . H. Freeman (#79) 

Harry H., and TEPHENS, CHESTER H. Labor 
Manual and Study Exercises for Introductory College meer 
7th Edition 1955 130pp $2.75 Wm. C. Brown (#80) 


Manual. 
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HENDERSON, Everette L. Experimental Studies in Basic Col- 


lege Chemistry. 1951 246 pp $2.50 Thomas Y. Crowell 


(#81) 

Hopxins, B. Smits, and Bariar Joun C., General Chemistry 
for Colleges. 5th Edition 1956 712 pp $6.00 D. C. 

Heath & Company. (#82) 

Kina, G. Brooks, and E. Laboratory 
Experiments in ee Chemistry. 1956 328 pp | ?) 


balan Book Co 
Kine, WENDELL B. yo a Experiments in General Chemis- 
try. 2nd Edition 1955 192 pp $3.50 Prentice-Hall, Inc. 
#84) 
Kine, B., Frey, W. H., and 
G. H. Laboratory Manual for College Chemis- 
try. 1953 252pp $2.95 Prentice-Hall, Inc. (#85) 
Mack, Epwarp., Garrett, ALFRED B., Haskins, JosepH F. 
and Mer 97 Frank H. Chemistry for the Laboratory. 1951 
367 p $3.40 Ginn & Co. (#86) 
idenmueae, E. C., and Remuey, C. N. Laboratory Manual for 
General Chemistry. 1954 432 pp $3.30 Houghton Mifflin 


(#87) 
MarkuHaM, E. C., and Smiru, SHERMAN. General Chemistry 
Form A 1942 190 pp $2.25 Houghton Mif- 
flin Co. (#88) 

Marxknam, E. C., and Smita, SHERMAN. General Chemistry 
Form 1945 190 pp $2.25. Houghton Mif- 
in Co. 


#89) 
Meyer, Livuian H. Laboratory Manual for Introductory 
Chemistry. 1951 $1.90 Maemillan Co. (#90) 
Morse, STaNuey, W. hemical Symbolism and Calculations. 
2nd Edition Revised and enlarged 1953 141 pp $2.00 
The National Press. (#91) 
Mysets, Karou J., and CopeLtanp, Cuaries Laboratory 
Manual. 1952 120 pp $2.00 Ginn & Co. 
NEcHAMKIN, Howarp. Laboratory 
istry. 1956 305 pp $2.75 Thomas Y. Crowell Co. (#93) 
Neckers, J. W., Appott, T. W., and Van Lente, K. A. Ez- 
perimental General Chemist 2nd Edition 1949 307 pp 
$2.50 Thomas Y. Crowell (#94) 
Pierce, Conway, and Smita, Netson. General Chemistry 
Workbook: How to Solve Problems. 1955 255 pp $1.65 
W. H. Freeman & Co. (#95) 
Ricuarpson, Leon B., and Scartett, ANDREW J. Laboratory 
Manual for Brief College Chemistry. Revised 1951 229 pp 
$2.50 enry Holt & Co., Inc. (#96) 
Rovuts, Josepx I. Laboratory Manual of Chemistry. 3rd 
Edition 1954 109 pp $1.75 W. B. Saunders Co. 
Sanperson, R. T., and BENNETT, W. Laboratory M 
for Introduction to Chemistry. 1955 182 pp $3.00 John 
Wiley & Sons, Inc. (#98) 
ScaRLETT, ANDREW J. Laboratory Manual for College Chemis- 
try. 5th Edition 1954 645 pp $6.50 Henry Holt «a 
ne. 
ScarRLeETt, ANDREW J. Laboratory Manual for General College 
Chemistry. 1954 243 pp $3.00 Henry folt & Co., 
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Secrist, Jonn H., Gaver, Karu H., and Haun, Ricuarp B. 
A Laboratory Manual of General Chemistry. 
$2.75 Wm. C. Brown Company. 
SELwoop, Pierce W. Experiments in General Chemistry. Re- 
vised 88 pp $2.75 Henry Holt & Co.,Inc. (#102) 
Sister, Harry H., and Stewart, Jay J. Sustematic Laboratory 
Courses in General Chemistry. 1950 395 pp $3.00 Mac- 
millan. (#103) 
Sorum, C. H. Laboratory aged of General Chemistry. 1955 
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Study on of Chemistry. Manual I 1953 128 
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New and forthcoming books for your chemistry classroom... 


THE EXAMINATION OF NEW ORGANIC COMPOUNDS 


A Laboratory Manual 


By Watter T. Smita, Jr., University of Kentucky, and 
Ratpu L. Suriner, State University of Iowa. Contains a 
collection of methods used in the quantitative analysis 
of organic compounds. Semi-micro methods are used, 
but some macro-methods are also given. Most of the 
methods included in this manual age selected from articles 
in the literature and rewritten in terms easily understood 


by students unfamiliar with such analyses. The direc- 
tions in the manual are specific enough so that students 
can work independently. Apparatus required is inex- 
pensive, and most of it can be assembled by the students 
themselves. Careful directions are given for preparing 
equipment and reagents. 1956. 136 pages. $3.50. 


THE SYSTEMATIC IDENTIFICATION OF ORGANIC COMPOUNDS 
Fourth Edition 


By Ratpu L. Suriner, State University of Iowa, REYNOLD 
C. Fuson, The University of Illinois, and Davip Y. Curtin, 
The University of Illinois. Carefully revised to stress the 
research approach to ees chemistry. The authors 
now emphasize the fact that solubility tests are only pre- 
liminary functional group tests—thus encouraging the 
student to take added responsibility for the path by 
which identification is reached. More emphasis is also 


Edited by Rosert C. University of Michigan. 
Chemical principles involved in syntheses and reactions 
of the various compounds are emphasized. 


Volume V: Five-Membered Heterocycles Containing 
Two Hetero Atoms and Their Benzo Derivatives. 


CONTENTS: 1,3-Dioxolane and Derivatives. Pyra- 
zoles and Related Compounds. Indazoles. Imadazoles 
and Condensed Imadazoles. Oxazole and Its Deriva- 
tives. Benzoxazoles and Related Systems. Isoxazoles. 
Thiazoles and Benzothiazoles. Ready in November. 
Approx. 776 pages. Prob. $21.00. 


placed on the necessity for continuous critical examina- 
tion of laboratory work. The use of control reactions, 
of mixed melting points (to distinguish between reaction 
product and starting material), and similar technics are 
stressed to a greater extent. There is a new chapter on 
infrared and ultraviolet spectroscopy; also, the discus- 
sion of the use of chemical literature is given added 
weight in the fourth edition. 1956. 426 pages. $6.00. 


HETEROCYCLIC COMPOUNDS, Volumes V and VI 


Volume VI: Six-Membered Heterocycles Containing 
Two Hetero Atoms and Their Benzo Derivatives. 


CONTENTS: The Chemistry of the Monocyclic Diox- 
anes. Benzodioxanes. Sulfur Analogs of the Dioxanes. 
Pyridazines. Cinnolines and Related Compounds. 
Phthalazine and Its Derivatives. Pyrimidine and Its 
Derivatives. The Chemistry of Quinazoline. The Pyra- 
zines and Piperazines. The Quinoxalines. The Mono- 
cyclic Oxazines. The Benzoxazines. Thiazines and 


Benzothiazines. Phenzines, Phenoxazines, and Pheno- 
thiazines. Ready in November. Approx. 590 pages. Prob. 
$21.00. 


LABORATORY MANUAL OF PHYSICAL CHEMISTRY, Fourth Edition 


By Avsert W. Davison, Owens-Corning Fiberglass Cor- 
poration; and Henry S. Van Kuooster and Water H. 
Bauer, both of Rensselaer Polytechnic Institute. Fourth 
edition revised and enlarged with the cooperation of GporcE J. 
Janz, Rensselaer Polytechnic Institute. New experiments 
in the application of the phase rule, on gaseous equilib- 


rium, and on low-temperature physical adsorption are 
features of the fourth edition of this popular laboratory 
manual. All fifty-one experiments in the book are up to 
date and in accord with the latest laboratory practice. 
Organized for a year’s course, the manual is suitable both 
for majors and non-majors. 1956. 264 pages. $4.75. 


FERTILIZATION 


By Lorp Roruscuitp, University of Cambridge, England. 


JOHN WILEY & SONS, Inc. 
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, 1956 


THE HISTORICAL BACKGROUND OF CHEMISTRY 


By Henry M. Lercester, College of Physicians and Sur- 
scons, San Francisco. A text designed to show your 
chemistry majors something of their debt to their pred- 
ecessors in the field. In this interesting presentation 
the author follows the development of chemistry through 
the thoughts and ideas of chemists, rather than through 
the details of their lives. He describes some of the more 
important areas in which chemistry has influenced world 
history, and others in which the conditions of the world 
have had a significant influence on the chemist himself. 

Full coverage is givefi to the periods before 1600— 
periods which providgthe foundation upon which more 


recent chemistry is built. Material is included on Greek, 
Chinese, and Arabic chemistry; this information was 
previously scattered throughout various journals. The 
author shows the connection between different branches 
of chemistry and the relations between organic and 
physical chemists in the 19th century. He also provides 
a careful treatment of chemical concepts and theories up 
to 1955, including a number dating from about 1930 
which hitherto have not been pester Sr The history 
of biochemistry is presented also. 1956. 260 pages. 
College edition, $5.00. 


STERIC EFFECTS IN ORGANIC CHEMISTRY 


Edited by Mervin S. Newman, Ohio State University. 
In this book, twelve experts open up a neglected field 
and offer a key to the appreciation of the effect of struc- 
ture on molecular reactivity and properties. Rather than 
concern themselves with well explored aspects of stereo- 
chemistry, the contributions deal with facets not pre- 
viously well covered in any book. ; 

Much of the data they offer is not readily available 
elsewhere. This is the first work to emphasize problems 
of conformational analysis. It also presents the first 


detailed treatment of the notations involved in stereo- 
chemical problems, with full working illustrations of all 
important systems. Of unusual practical value, the book 
offers a unique guide to the utilization of steric factors in 
such matters as the slowing down of hydrolysis rates, 
the prediction of reaction rates, the controlling of the 
course of a reaction, and the determination of light ab- 
sorption characteristics in a compound or product. 
Ready in September. Approx. 710 pages. Prob. $10.50. 


LABORATORY MANUAL OF PHYSICAL CHEMISTRY 


By H. D. Crocxrorp, University of North Carolina, and 
J. W. Nowewr, Wake Forest College. Prepared for a 
semester or year course in elementary physical chem- 
istry, this manual is suitable for use with any text. As 
well as thirty-three well-selected experiments, it includes 
sections on units and dimensions, precision and accuracy, 
and plotting procedures. The aim of the authors is not 
only to train students in the techniques of physical chem- 
istry, but also to encourage intelligent evaluation of re- 
sults. Presentation stresses basic principles, laws, and 


theories rather than the “‘cook-book"’ aspects of labora- 
tory work. 

Each experiment is complete in itself—giving refer- 
ences to commonly used texts, adequate instructions, a 
list of required apparatus and chemicals, and a section on 
the treatment of data. In the appendices, the authors 
include a list of basic apparatus to be issued to the 
student, and also a list of all equipment necessary for the 
laboratory. Ready in September. Approx. 198 pages. 
Prob. $4.00. 


SCIENCE AND ECONOMIC DEVELOPMENT: New Patterns of Living 


By Ricuarp L. Meter, University of Chicago. Traces out 
new paths for economic development which are omnes 
and shaped by postwar advances in science and tech- 
nology. The author presents a new ae towards 
adequate levels of living for all parts of the world. He 


discusses the specific kinds of research and organization 
required to imprové upon and extend what seems feasible. 
A Technology Press Book, M.I.T. 1956. Approx. 262 pages. 
Prob. $6.00. 


INTRODUCTION TO SOLID STATE PHYSICS, Second Edition 


By Cuarues Kitter, University of California, Berkeley. 
Ready in September. The first volume in a new Wiley 
Series on the Science and Technology of Materials, 


J. H. Hollomon, Advisory Editor. 


Approx. 600 pages. 
Prob. $10.00. 


Send for examination copies 


440 Fourth Avenue, New York 16, N. Y. 
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Buock, R. J., Durru, E. L., and Zwete, G. A Manual of Paper 
Chromatography and Paper Electrophoresis. 1955 484 pp 
$8.00 Academic Press, Inc. (#112) 

Bottz, Davin F. Selected Topics in Modern Instrumental Analy- 
sis. 1952 477 pp $6.50 ) Prentice-Hall, Inc. (#113) 

Brimtey, Ropert C., and BAaRReErTT, FREDERICK C. Practical 
Chromatography. 1953 128 pp $5.00 Reinhold Publishing 
Corp. (#114) 

Cape, R.D. Particle Size Determination. Interscience Manual 
No. 7 1955 318 pp $5.50 Interscience Publishers, Inc. 


(#115) 
Cramer, F. Paper Chromatography. 1954 124 pp $5.00 
St. Martin’s Press, Inc. (4116) 


Devanay, Paut. New Instrumental Methods in Electrochemistry. 


1954 455 Wi $11.50 Interscience Publishers, Inc. (#117) 
anic Thermogravimetric Analysis. 1953 532 
pp 1.50 D. Van Nostrand Co. (#118) 


“Instrumental Methods of Chemical Analysis. 
1954 434 pp $6.50 McGraw-Hill. (4119) 
Fereu, F. Spot Tests. Volume I—Inorganic Applications 4th 
Edition 1954 518 pp $7.25 D. Van Nostrand Co. (#120) 
F. Spot Tests in Analysis 5th Edition 1956 
Approx. 525 pp $10.00 D. Van Nostrand Co., Inc. (#121) 
FRrIepEL, R. A., and Orcuin, M. Ultraviolet Spectra of Aromatic 
1951 708 pp $13.50 John Wiley & Sons, 
Ine. (#122) 
Hamitton, L. F., and Simpson, 8. F. Calculations of Analytical 
Chemistry. 5th Edition 1954 340 pp 95.00 McGraw- 
Hill. (#123) 
Har.ey, J. H., and Wiper.tey, S. E. Instrumental Analysis. 
1954 440 pp $6.50 John Wiley & Sons, Inc. (#124) 
HersHEenson, H. M. Ultraviolet and Visible Absorption Spectra. 
—Index for 1930-1954. 1956 205 pp $10.00 Academic 
Press, Inc. (#125) 
HILLEBRAND, W. F., and Lunpeuu, G. EF. Applied Inorganic 
Analysis. 2nd Edition 1953 1034 pp $17.50 John Wiley 
& Sons, Inc. (#126) 
Kournorr, I. M. Acid-Base Indicators. 1937 514 pp $10.00 
Macmillan. (#127) 
LepEerRER, M. Introduction to Paper Electrophoresis and Related 


Methods. 1955 206 pp $7.75 D. Van Nostrand Co., Ine. 
(#128) 

James J. Electroanalytical Chemistry. 1953 458 pp 
$8.50 Interscience Publishers, Inc. (#129) 


Mc Donatp, Hueu J., and AssoctaTEs. 


Tonography: Electro- 
phoresis in Stabilized Media. 


1955 268 pp $6.50 The 


Year Book Publishers, Inc. (#130) 
Mertes, Lovts. Polarographic Techniques. 1955 332 pp 
$6. 00’ Interscience Publishers, Inc. (#131) 


MitcHE.L, Jr. J., Kouruorr, I. M., Proskauer, E. §S., and 


WEISSBERGER, A., Editors. Organic Analysis. Volume III 
1956 Approx. 510 pp $9.50 Interscience Publishers, Inc. 
(#132) 


Muuter, Orro H. The Polarographic Method of Analysis. 2nd 


Edition 1951 209 pp $4.50 Chemical Education Publish- 
ing Co. (#133) 
Puiturrs, C. Gas Chromatography. 1956 105 pp $3.80 
Academic Press, Inc. (#134) 


Raptey, J. A., and Grant, Junius. Fluorescence Analysis in 
Ultra-Violet Light. 4th Edition 1954 475 pp $12.50 D. 
Van Nostrand Co., Inc. (#135) 

RANDALL, Harrison M., Ricuarp G., Fuson, NELSON, 
and Danet, Ropert. Infrared Determination of Organic 
Structure. 1949 239 pp $12.75 D. Van Nostrand Co., Inc. 

(#136) 

SaptLer, Purp. Sadtler Standard Spectra. (Midget Edition) 
1956 600 pp $180 for 1956 Samuel P. Sadtler Research 
Laboratories. (#137) 

SapTLer, Puiuie. Sadtler Standard Spectra. Monthly, 1947 to 
date ‘9,700 pp $4,280 Samuel P. Sadtler Research Lab- 
oratories. (#138) 


SaMuELson, R. D. Jon Exchanges in Chemistry. 1953 
291 pp $7.00 John Wiley & Sons, I (#139) 
Scuaerrer, H. F. Microscopy for Chemists. 1953 264 pp 


$4.50 D. Van Nostrand Co., Ine. (#140) 
Sieaia, S., and Sroiren, H. J. An Introduction to Modern 
Organic Analysis. 1956 258 pp $4.50 Interscience Pub- 


lishers, Inc. (#141) 
SMALL, James. Modern Aspects of pH. 1954 247 pp $5.00 
D. Van Nostrand Co., Inc. (#142) 
Smith, Orsino C. Inorganic Chromatography. 1953 146 pp 


$6.00 D. Van Nostrand Co., Inc (#143) 
meet Foster D., and SNELL, CORNELIA T. Colorimetric Meth- 
ods ‘of Analysis. 3rd Edition Volume I—Theory Instru- 
ments, pH 1948 239pp $6.50 D. Van Nostrand, Cor ro 
“144 
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Foster D., and Cornea T. Colorimetric 
M of Analysis. 3rd Edition Volume II—lInorganic 
Determinations 1949 916 pp $15.00 D. Van Nostrand 
Co., Ine. (#145) 

SNELL, Foster D., and Cornewia T. Colorimetric 
Methods of Analysis. 3rd Edition Volume III—Organic 
—— I 1953 576pp $12.50 D. Van ome 

146 

ag D., and Cornevia T. Colorimetric 
Methods Analysis. 3rd Edition Volume IV—Organic 
Compounds II 1954 676 pp $12.50 D. Van Nostrand 
(#147) 

Srarr, ANALYTICAL CHEMIsTRY, 1955 Committee on Analytical 
Reagents. Reagent Chemicals. 1955 441 pp $6.50 Amer- 
ican Chemical Society. (#148) 

WARREN H., and Teseau, Cari P. A Laboratory 


Study of Semi-Micro ” Analysis. Manual II 1953 124 pp 
$2.00 Wm. C. Brown Company. (#149) 
Waener, WALTER. Advanced Analytical Chemistry. 1956 300 
pp $6.00 Reinhold Publishing Corp. (#150) 


Watton, Harotp F. Principles and Methods of Chemical Analy- 
sis. 1952 4385 pp $6.50 Prentice-Hall, Inc. (#151) 
WELCHER, FRANK. Organic Analytical Reagents. In four 
volumes Volume I 1947 442 pp $9.75 Per set $35.50 
D. Van Nostrand Co., Inc. (#152) 
WELCHER, FRANK. Organic Analytical Reagenis. In four 
volumes Volume II 1947 530 pp $9.75 Per set $35.50 
D. Van Nostrand Co., Inc. (#153) 
WELCHER, FRANK. Organic Analytical Reagents. In four 
volumes Volume III 1947 593 pp $9.75 Per set $35.50 
D. Van Nostrand Co., Ine. (#154) 
WELCHER, FRANK. Organic Analytical Reagents. In four 
volumes Volume IV 1948 530 pp $9.75 Per set $35.50 
D. Van Nostrand Co., Ine. (#155) 
Hospart H., Merritt, Jr., Lynne L., and Dean, 
Joun A. Instrumental Methods of Analysis. 2nd Edition 
1951 344 pp $5.50 D. Van Nostrand Co., Inc. (#156) 


QUALITATIVE 


Artuour, P., and Smirx, O. M. Semimicro Qualitative Analysis. 
3rd Edition 1952 285 pp $4.25 McGraw-Hill. (#157) 
Basor, JosepH A., and Macauping, J. KENNETH W. How 
Solve Problems in Qualitative Analysis. 1943 93 pp $1.25 
Thomas Y. Crowell Co. (4158) 
BarBer, Hervey Huspparp, and Taytor, T. Ivan. Semimicro 
Qualitative Analysis. Revised Edition 1953 404 pp $4.50 
Harper & Brothers. (#159) 
Bewcuer, J. E., and Wiuurams, G. Y. A Course in Qualitative 
Analysis. 1938 265 pp $4.50 Houghton Mifflin 
160 

CaLDWELL, E., and Kine, G. Brooks. A Brief Course 
in Semimicro Qualitative Analysis. 1953 181 pp $2.25 
American Book Company. (#161) 
Cuarvot, G., Bézrer, D., Gauauin R., and ODEKERKEN, J. M. 
von A. SCHLEICHER. Qualitative Schnellanalyse. 2. Aufl. 
1956. 928. DM 7,80 = $1.86 Walter de Gruyter a ' 
#162 

Cuar ot, G., and Murray, R. C. Qualitative Inorganic Analy- 
sis. 1954 354 pp $7.00 John Wiley & Sons, Inc. (#163) 
CorneETT, ELEANOR. Record Book for Qualitative Analysis. 


1955 143 pp $2.25 Wm. C. Brown Company. (#164 
CornoG, Jacos. Semimicro Qualitative Analysis. 1948 257 
pp $4.00 Houghton Mifflin Co. (#165) 
CurtmMan, Louis J. Introduction to Semimicro Qualitative 
Chemical Analysis. 2nd Edition 1950 391 pp $4.50 
Macmillan. (#166) 


Evans, WituiaM L., GARRETT, ALFRED B., and Sister, HARRY 
. Semimicro Qualitative Analysis. 1951 Revised Edition 
247 PP, $3.25 Ginn & Co. (#167) 
Fates, Haroup A., and Kenny, FrepertcK. Inorganic Quali- 
tative Analysis. "8rd Edition’ 1955 296 pp $3.50 Apple- 


ton-Century-Crofts, Inc. (#168) 
GitreEaTH, E. S. Qualitative Analysis. 1954 285 pp $4.25 
McGraw-Hill. (#169) 


Hoeness, THorFIN R., and JouNSON, WARREN C. Jonic Equilib- 
rium as Applied to Qualitative Analysis. 3rd Edition 1954 
381 pp $4.50 Henry Holt & Co., Inc (#170) 

HoeneEss, THorFIn R., and JOHNSON, WARREN C. Qualitative 
Analysis and Chemical Equilibrium. 4th Edition 1954 621 
pp $5.50 Henry Holt & Co., Inc. (#171) 

Kexsey, Erwin B., and Dretricu, Harotp G. Fundamentals 
of Semimicro Qualitative Analysis. 2nd Edition 1951 328 
pp $4.50 Macmillan. (#172) 

Mc Atping, Roy K., and Soutz, Byron A. Fundamentals of 
Qualitative Chemical Analysis. 4th Edition 1956 340 pp 
$5.00 D. Van Nostrand Co., Inc. (#173) 
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Coming Spring 1957 


INSTRUMENTAL ANALYSIS 


by Paul Delahay 
Boyd Professor of Chemistry, Louisiana State University 


Covering three groups of instrumental methods—electrochemi- 
cal, spectroscopic, and such miscellaneous methods as X-rays, mass 


spectrometry and radioactivity —this new text is designed for courses 
in instrumental analysis on both the graduate and undergraduate 
levels. The emphasis throughout the book is on fundamentals rather 
than on application to analysis or to specific instruments. Each chap- 
ter contains a detailed bibliography and a series of problems covering 
the extension of theory, the application of theory and literature sur- 
veys. There are more than 50 experiments in 23 groups plus sugges- 
tions for more than 20 other experiments. The general level of the 
book is more advanced and mature than existing books on the 
subject. Available —at the exhibit—for your inspection 
QUALITATIVE ANALYSIS AND ANALYTICAL 
_ CHEMICAL SEPARATIONS 
ra by Philip W. West, Maurice M. Vick and Arthur 
To L. LeRosen 
38) 1953 223 pages $3.75 
50 
ra TEXTBOOK OF QUANTITATIVE INORGANIC 
“a ANALYSIS Third Edition 
= by I. M. Kolthoff and E. B. Sandell 
| 1952 759 pages $6.50 
62) 
8) QUANTITATIVE CHEMICAL ANALYSIS 
4) Tenth Edition 
5) by L. F. Hamilton and S. G. Simpson 
50 1952 759 pages $5.00 
6) 
RY i 
7) FUNDAMENTAL PRINCIPLES OF PHYSICAL zg 
li- | 
5) CHEMISTRY Revised Edition 
> by Carl F. Prutton and Samuel H. Maron | 
4 1951 ‘ 804 pages $6.00 | 
0) 
TEXTBOOK OF BIOCHEMISTRY Second Edition 
ls Company by Edward Staunton West and Wilbert R. Todd 
’ 60 Fifth Avenue, New York 11 1955 1356 pages $12.00 
| 
6 Please mention CHEMICAL EDUCATION when writing to advertisers A393 
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(2p) PUBLISHERS NEW YORK LONDON 


PERSPECTIVES IN ORGANIC CHEMISTRY 


A Collection of Essays, under the Editorship of Sir Alexander 
Todd, to honor Sir Robert Robinson. 


1956. Approx. 540 pages, 14 illus., 8 tables. Approx. $7.50 


CHEMICAL APPLICATIONS 
OF SPECTROSCOPY 


Edited by W. West, Eastman Kodak Company, Rochester, 
IN. '¥, 


1956. 812 pages, 211 illus., 98 tables. $15.00 (Technique of 
Organic Chemistry, Vol. IX) 


REDUCTION WITH 
COMPLEX METAL HYDRIDES 


By N. G. Gaylord, Interchemical Corp., New York, N. Y. 
1956. 1062 pages, 3 illus., 98 tables. $15.00 


AN INTRODUCTION TO 
MODERN ORGANIC ANALYSIS 


By S. Siggia and H. J. Stolten, General Aniline and Film 
Corporation, Easton, Pa. 


1956. 258 pages, 71 illus., 8 tables. $4.50 


“ THE REACTIVE INTERMEDIATES 
OF ORGANIC CHEMISTRY 


By John E. Leffler, Florida State University, Tallahassee, Fla. 
1956. 285 pages, 2 illus., 15 tables. $6.00 


MECHANISM OF 
ORGANIC CHEMICAL REACTIONS 


By E. de Barry Barnett. 
1956. 304 pages. $4.75 


PHOTOSYNTHESIS x 
AND RELATED PROCESSES 


In two volumes. 


By Eugene I. Rabinowitch, University of Illinois, Urbana, 
Til. 


Volume I: Chemistry of Photosynthesis, Chemosynthesis, 
and Related Processes in Vitro and in Vivo. 1945. 615 pages, 
63 illus., 77 tables. $12.00 


Volume II, Part 1: Spectroscopy and Fluorescence of 
Photosynthetic Pigments, Kinetics of Photosynthesis. 1951. 
620 pages, 214 illus., 60 tables. $16.50 


Volume II, Part 2: Kinetics of Photosynthesis (continued) 
and Addenda to Volume I and Volume II, Part 1. 1956. 896 
pages, 332 illus., 52 tables. $18.50 


CURRENTS 

IN BIOCHEMICAL RESEARCH 1956 
Edited by David E. Green, University of Wisconsin, Madison, 
Wis. 
1956. 713 pages, 69 illus., 29 tables. $10.00 


MAGNETOCHEMISTRY C 


Second completely revised and rewritten edition. 


By Pierce W. Selwood, Northwestern University, Evanston, 
Til. 


1956. Approx. 444 pages, 143 illus., 31 tables. Approx. $9.00 


PRINCIPLES AND PROBLEMS 
IN ENERGETICS 


By J. N. Brgnsted. Translated from the Danish by R. P. a 
Bell, Balliol College, Oxford, England. With a Preface by Y : 
Victor La Mer, Columbia University, New York, N. Y. » COE 


1955. 128 pages, 3 illus., 2 tables. $3.50. 


4 SELE 
EXPERIMENTAL THERMOCHEMISTRY Analysi 
Measurement of Heats of Reaction Ins 


Prepared under the International Union of Pure and Applied “@™* 
Chemistry by the Subcommission on Experimental Thermo- 
chemistry. 


Edited by Frederick D. Rossini, Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. 
1956. 342 pages, 34 illus., 14 tables. $7.80 


POLYETHYLENE 


By R. A. V. Raff, and J. B. Allison, Koppers Co., Inc., 
Pittsburgh, Pa. 


1956. 566 pages, 228 illus., 123 tables. $16.00 
(High Polymers, Vol. X1) 


MACHINE LITERATURE SEARCHING 


By James W. Perry, and Allen Kent, Center for Documenta- 
tion and Communication Research, Western Reserve University, 
Cleveland, Ohio, and Madeline M. Berry, Aberdeen Proving 
Ground, Md. With a Foreword by Jesse H. Shera, Dean, School Safety 


of Library Science, Western Reserve University. tio 

1956. 174 pages. $4.00 Theor 

Ni 

MICRORECORDING Unit 

Industrial and Library Applications € 
Unit 


By Chester M. Lewis, Chief Librarian, New York Times, 
New York, N. Y., and William H. Offenhauser, Jr., New 9 
Canaan, Conn. ses™ 


kil 
1956. 468 pages, 107 illus., 6 tables. $8.50 
PARTICLE SIZE DETERMINATION : 
By R. D. Cadle, Stanford Research Institute, Stanford, Calif. 
1955. 318 pages, 13 illus., 47 tables. $5.50 
(Interscience Manual 7) — 


POLAROGRAPHIC TECHNIQUES 
By Louis Meites, Yale University, New Haven, Conn. INTE 
1955. 332 pages, 44 illus., 5 tables. $6.00 
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The Eneyclopedia of Chemical Technology will shortly 
reach its full usefulness with the appearance of Volume 
15, containing a comprehensive index to the entire work. 


4 SELECTION OF THE SUBJECTS TREATED: 


Analysis and Measurement—Calorimetry— 
Instrumentation—Viscometry 

Chemicals—<Acetic acid—Nitroparaffins—Urea 

Dyes—Anthraquinone dyes—Polymethine dyes— 
Whitening agents 

Fermentation industries — Beer — Enzymes — 
Yeasts 

Fibers—Cotton—Protein fibers, synthetic—Textile 
testing 

Food and beverages—Bakery products—Flavors 
and spices—Tea 

General Articles—Forensic chemistry—Packaging 
—Trade-marks 

Industrial Products and Processes—Cement— 
Laundering— Matches 

Metallurgy—Alloys—Metallic coatings—Type 
metals 

Physical Chemistry and Mathematics—Cataly- 
sis—Nomograms—Raman effect 

Resins, Plastics and Coatings—Alkyd resins— 
Paint—Viny] resins and plastics 

Safety and Hygiene—Allergens—Dust—Steriliza- 
tion 

Theoretical Chemistry—Acid-base systems— 
Nitrogen system—Stereochemistry 

Unit Operations—Absorption—Extraction—Size 
separation 

Unit Processes—Alkylation—Ester interchange— 
Sulfonation and Sulfation 

Uses—Abrasives—Lamp manufacture—Weed 
killers 


The special Subscription Price of 
$25.00 per volume is VALID only 
until the appearance of Volume 15. 


INTERSCIENCE PUBLISHERS, INC. 


250 Fifth Avenue 


Edited by RAYMOND E. KIRK, Head, Department of Chemis- 
try, and DONALD F. OTHMER, Head, Department of Chemical 
Engineering, Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 
Assistant Editors: Janet D. Scott and Anthony Standen 


Volume 1: A to ANTHRIMIDES 

Volume 2: ANTHRONE to CARBON-ARC 

Volume 3: CARBON (continued) to CINCHOPHEN 

Volume 4: CINEOLE to DEXTROSE 

Volume 5: DIALYSIS to EXPLOSIONS 

Volume 6: EXPLOSIVES to FURFURAL 

Volume 7: FURNACES to IOLITE 

Volume 8: ION EXCHANGE to METAL PLATING 

Volume 9: METAL SURFACE TREATMENT to PENI- 
CILLIN 

Volume 10: PENTACENE to POLYMETHINE DYES 

Volume 11: POLYOLS to RUTIN 

Volume 12: SABADINE to STILBESTROL 

Volume 13: STILBITE to THERMOCHEMISTRY 

Volume 14: THERMODYNAMICS to WATERPROOFING 

Volume 15: WAXES to ZYMOSTEROL, 313 pages, INDEx 


To ALL Vo_umeEs, Approximately 600 pages. 


(Each volume contains approximately 960 pages and numerous 
tables and illustrations.) 


The fifteen volumes of the Encyclopedia of Chemical Technology 
contain over 800 articles. Each was written by an expert and 
reviewed by other experts. The more than one thousand authors 
of the Encyclopedia represent a very large number of manufactur- 
ing firms, universities, research institutions and government or- 
ganizations. The subjects treated cover the whole range of chemi- 
cal technology, with considerable overlapping into borderline 
fields and into pure science. 


Prom the Reviews... 


“No technical library, large or small, can afford to be with- 
out this vital reference work.”— Waller Murphy in CuemicaL 
AND ENGINEERING NEws 


“Industries, universities, and research organizations will 
find the complete set indispensable.”—Lesler B. Pope in 
CHEMICAL ENGINEERING 


New York 1, NW. Y. 
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Fischer—Quantitative Chemical Analysis 


NEW!—Here is a clearly written text containing more than enough material for a one 
semester quantitative analysis course. Its four parts include introductory material, 
gravimetric and volumetric methods of analysis and a discussion of optical and electric 
methods of analysis. Throughout the book the unit operation approach has been used in 
describing laboratory operations and in outlining the various schemes of analysis. The 
organization of the material is flexible enough to permit adaptation to varying circum- 
stances, so that either gravimetric or volumetric analysis may be taken up immediately 
following the introductory material. There are penetrating questions and a large number 
of exceptionally well-graded problems at the end of every chapter. 


By Robert Fiscuer, Associate Professor of Chemistry, Indiana University, 401 pages, 7” x 10”, with 91 illustrations. $50. 
‘ew 


Brooks—Basie Facts of General Chemistry 


In 12 chapters this concise work completely covers the needs of the student nurse’s course in 
general chemistry. It gives the facts simply yet scientifically, enabling students to under- 
stand the material without extra explanation. To make the course more meaningful and tie 
it in with the student’s other subjects, many important applications are made to the bio- 
logical sciences. The material has been carefully organized, but is so constructed that it can 
be readily adapted to suit the teacher’s needs, Helpful appendices include a table of ele- 
ments, common names of some important chemicals and general rules of solubility. Review 
questions of both the factual and essay type follow each chapter and illustrations enliven and 
clarify the text material. 


By Stewart M. Brooks, Ph.G., B.S., M.S., Instructor in the Sciences, School of Nursing, Muhlenberg mages, Plainfield, New 
Jersey. 354 pages, 53/4” x 8”. Tilustrated. $4.75. 


Brooks—Selected Experiments in 
General Chemistry 


Although this laboratory manual was written to accompany Basic Facts of General Chemistry, 
described above, it is well suited for use with any general chemistry text for nurses. 50 ex- 
periments have been included in this helpful handbook. They have been carefully selected 
to demonstrate and clarify the facts of general chemistry. Each was chosen only after the 
author observed its effectiveness and ability to arouse interest when in actual use. Each is 
followed by fact and thought questions. Whenever possible, the experiments have been 
related to the biological sciences examining subjects such as blood, normal and pathologic 
urine, digestion, etc. All instructions are clear and ons enteaiadinge illustrations 
show steps that cannot be easily explained. ‘ 


By Srewanr M. Brooks, Ph.G., B.S., M.S., 113 pages, 5°/<” x 8”, illustrated. $2.00. 
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enjoyment only, DISCOVERY OF THE _ taining fashion! 
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Chemical Russian—Self Taught 
by JAMES W. PERRY SoruMm, 
| Interest in Russia and its scientific developments has 2nd § 
never been so acute as it is today. Many chemists Senex 
would like to be able to read about Russian technical A ri. 
advances in the original Russian, but are held back from Tae y 
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course in English Polarographic Method of Analysis 1953 
LECTURE MATERIAL by OTTO H. MULLER Wue, I 
INSTRUCTION that should be man- y 
datory for all science “In this second revised and augmented edition, the $3.75 
ont : author purposes ‘to present a simple account of polarog- 
jajors. raphy in a form which can be used by teachers and 
students in physical chemistry as well as in advanced 
courses in analytical chemistry.’ The emphasis is on 
principles and the scope is descriptive rather than 
mathematical. It begins with an excellent review of bie. 
electroanalysis, showing the relation of polarography to —— 
other electro methods. A brief description of apparatus B et 
includes equipment constructible from parts readily oy: 
available in many laboratories. Fundamentals of $15 Or 
quantitative and qualitative analysis and recent de- Dreu. 
velopments are discussed in some detail. Chapters on 539 : 
applications and suggestions for practical polarography Poh 
complete the book.””—Analytical Chemistry. 209 pp. $4.50 1954 
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The Life of Ira Remsen 
by FREDERICK H. GETMAN $6.00 
The absorbing life-story of a distinguished professor of Ko.THo 
chemistry, this book becomes a condensed version of the Inorg 
most important years in chemical and chemical engi- rae 


neering history. This story of the career of a leader in 
the establishment of sound scientific instruction in ~ Quant 


chemistry and chemical research belongs in the library piesion 
of every chemist and chemistry teacher. For the 
JOURNAL OF CHEMICAL EDUCATION ' general reader who takes pleasure in coming into contact oor : 
20th and Northampton Streets, Easton, Pa. with the lives of great people, it is a rewarding biography bimenes 
of a notable career. 172 pages $4.50 200 
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China @ $6.00 tunities. Illustrated, 470 pages $4.00 
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Mc Atping, Roy K., and Soute, Byron A. Prescott and John- 
son’s Qualitative Chemical Analysis. 2nd Edition 1933 707 
pp. $7.00 D. Van Nostrand Co., Inc. (#174) 

Mc Gooxin, ALEXANDER. Qualitative Organic Analysis. 1955 
165 pp $4.50 Reinhold Publishing Corp. (#175) 

MELpRvUM, BUELL, and Daacett, ALBERT FREDERICK. 
A Textbook of Qualitative Analysis. 1951 440 pp $4.50 
American Book Company. (#176) 

SmitH, Orstno C. Identification and Qualitative Chemical 
Analysis of Minerals. 2nd Edition 1953 420 pp $8.00 
D. Van Nostrand Co., Inc. (#177) 

Sorum, C. H. Introduction to Semimicro Qualitative Analysis. 

2nd Edition 1953 198 pp $2.95 Prentice-Hall, Inc. 


Srock, J. R., and Heatu, P. Small Scale Inorganic Qualitative 
Analysis. 1954 96 pp $2.50 Chemical Publishing Co., 
Inc. (#179) 

Srupss, Morris F., and Jones, Jr., W. Norton. Elementary 
Qualitative Analysis. 1956 116 pp $2.00 Wm. C. Brown 
Company. (#180) 

Voce, A. I. Macro and Semimicro Qualitative Inorganic Analy- 
sis. 4th Edition 1954 663 pp $5.25 Longmans. (#181) 

WELCHER, FranK J., and Haun, Ricuarp B. Semimicro 
Qualitative Analysis. 1955 497 pp College Edition $6.50 
Reference Edition $8.00 D. Van Nostrand Co., Inc. (#182) 

West, Paiuie W., Vick, Maurice M., and Le Rosen, ARTHUR L. 
Qualitative Analysis and Analytical Chemical Separations. 
1953 223 pp $3.75 Macmillan. (#183) 

Wue, Epwin O., Line, R., and Frage, Joun F. 
Semimicro Qualitative Analysis. 2nd Edition 1954 408 pp 
$3.75 D. Van Nostrand Co., Inc. (#184) 


QUANTITATIVE 


ARENSON, Saut B. How to Solve Problems in Quantitative 
Analysis. 194289 pp $1.25 Thomas Y. Crowell Co. (#185) 
BENEDETTI-PicHuieER, A. A. Essentials of Quantitative Analysis- 
An Introduction to the Basic Unit Operations. 1956 732 pp 
$15.00 Ronald Press Co. (#186) 
H. C., and Smitu, C. F. Quantitative. Analysis. 1952 
539 pp $5.00 John Wiley & Sons, Inc. (#187) 
Grirrin, C. W. Inorganic Quantitative Analysis. 2nd Edition 
1954 417 pp $4.75 McGraw-Hill. (#188) 
HamILtTon, LEICESTER F., and Smmpson, STEPHEN G. Quantita- 
tive Chemical Analysis. 10th Edition 1952 259 pp $5.00 


Macmillan. (#189) 
Kirk, P. L. Quantitative Ultramicroanalysis. 1950 310 pp 
$6.00 John Wiley & Sons, Inc. (#190) 


Kotruorr, I. M., and Sanpeti, E. B. Textbook of Quantitative 
Inorganic Analysis. 3rd Edition 1952 768pp $6.50 Mac- 
millan. (#191) 

Mac Nevin, Marsnatt, and Sweet, Tuomas RICHARD. 

~ Quantitative Analysis. 1952 247pp $3.75 Harper & Broth- 
ers. (#192) 

MeE.ion, M.G. Quantitative Analysis. (Methods of Separation 
and Measurement) 1955 694 pp $6.50 Thomas Y. Cro- 
well Co. (#193) 

Metion, M. F. Quantitative Analysis Record Book. 1944 
200 pp Hard Cover $1.00 Thomas Y. Crowell Co. 

Mitton, R. F., and Waters, W. A. 
Micro-Chemical Analysis. 2nd Edition 1955 751 pp 
$17.50 St. Martin’s Press, Inc. (#195) 

Ouson, AXEL R., Kocu, W., and PIMENTEL, GEORGE C. 
Introductory Quantitative Chemistry. 1956 480 pp $5.00 

. W. H. Freeman & Co. (#196) 

PATTERSON, ANDREW, JR., and THomas, Henry C. A Textbook 
of Quantitative Analysis. 1952 500 pp $4.75 Henry Holt 
& Co., Ine. (#197) 

Pierce, W. C., and Haeniscu, E. L. Quantitative Analysis. 
3rd Edition 1948 520 pp $5.00 John Wiley & wer? Inc. 

#198) 

Swirt, Ernest H. Introductory Quantitative Analysis. 1950 
472 pp $4.95 Prentice-Hall, Inc. 

Vocet, A. I. Quantitative Inorganic Analysis: 
Practice. 2nd Edition. 1951 941 pp $10.75 a 
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West, Panmure W. Calculation of Quantitative Analysis. 1948 
162 pp $2.90 Macmillan. (#201) 

Hosart H., and Drent, Harvey. Advanced Quanti- 
tative Analysis. 1943 457 pp $6.00 D. Van Nostrand Co., 
Inc. (#202) 

Hospart H., Furman, N. Howe and Bricker, 
Ciark, E. Elements of Quantitative Analysis. 4th Edition 
1956 592 pp $5.85 D. Van Nostrand Co., Inc. (#203) 

Wiiarp, Hopart H., Furman, N. Howe t, and Fiaae, JoHN 
F. A Short Course in Quantitative Analysis. 1943 253 pp 
$4.00 D. Van Nostrand Co., Inc. (#204) 
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Lreo. Principles of Organic Chemistry. 1949 


317 pp W. B. Saunders Co. (#205) 
AcuEeson, R. M. Acridines. Volume IX—The Chemistry of 
Heterocyclic Compounds 1956 422 $12.50 Special 
price to subscribers, $11.25 Interscience Publishers, noses) 
# 
Apams, R. Organic Reactions. Volume VII 1953 440 pp 
$10.00 John Wiley & Sons, Inc. (#207) 
Apams, R. Organic Reactions. Volume VIII 1954 437 pp 
$12.00 John Wiley & Sons, Inc. (#208) 
ALEXANDER, E.R. Principles of Ionic Organic Reactions. 1950 


318 pp $6.00 John Wiley & Sons, Inc. (#209) 
AMUNDSEN, LAWRENCE H. Organic Chemistry. 1954 368 pp 
$5.25 enry Holt & Co., Inc. (#210) 


Anperson, L. C., and Bacumann, M. K. A Manual for the 
Organic Chemistry Laboratory. 1953 164 pp $2.75 John 
Wiley & Sons, Inc. 2 

ARNOLD, R. T. Organic Syntheses. Volume XXXII 1952 
119 pp $3.50 John WiLey & Sons, Inc. (#212) 

AsTLE, MELvIN J., and SHELTON, J. Ret. Organic Chemistry. 
1953 771 pp $7.50 Harper & Brothers. (#213) 

Buatt, A. H. Organic Syntheses. Collective Volume II 1943 
654 pp $11.00 John Wiley & Sons, Inc. (#214) 

Boorp, C. E., Bropg, W. R., and Bossert, R. G. Laboratory 
Outlines and Notebook for Organic Chemistry. 3rd Edition 
1955 314 pp $3.90 John Wiley & Sons, Inc. (#215) 

Bounpy, R. 4 Styrene. (ACS Monograph No. 115) 1952 
1321 pp $20.00 Reinhold Publishing a (#216) 

Branco, GERALD, and Carvin, MEtvin. Theory of Organic 
Chemistry, An Advanced Course. 1941 523 pp 1941 523 
pp $5.95 Prentice-Hall, Inc. (#217) 

Braupe, E. A., and Nacnop, F. C., Editors. Determination of 
Organic Structures by Physical Methods. 1955 810pp $15.00 
Academic Press, Inc. (#218) 

Braver, Oscar L., and Scuuck, Rosert. Organic Chemistry 
in the Laboratory. 1951 68 pp $1.75 Wm. C. Brown 
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Brewster, Ray g. Organic Chemistry. 2nd Edition 1953 
855 pp $7.50 Prentice-Hall, Inc. (#220) 


Brewster, Ray Q. Organic Chemistry, A Brief Course. 1949 
409 pp $5.00 Prentice-Hall, Inc. (#221) 
Brooks, BensaMin T. The Chemistry of the Non-Benzenoid Hy- 
— 1950 630 pp $12.00 Reinhold ee) 
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Cairns, T. L. Organic Synthesis. Volume XXXV_ 1955 
.122 pp $3.75 John Wiley & Sons, Inc. (#223) 
CampaiGne, E., Hart, H., and Scuuetz, R. D. Laboratory 
Manual for a Short Course in Organic Chemistry. 1953 153 
pp $2.50 Houghton Mifflin Co. (#224) 
Cason, James. Essential Principles of Organic Chemistry. 
1956 530 pp $6.75 Prentice-Hall, Inc. (#225) 
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Organic Chemistry. 1950 416 pp $4.50 
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Cueronis, Nicuotas D. Micro and Semimicro Methods. 
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$12.00 Interscience Publishers, Inc. (#227) 
Cueronis, Nicnotas D. Organic Chemistry. 1941 728 pp 
$6.00 Thomas Y. Crowell Co. (#228) 
CuErRonIs, Nicnotas D,. Semimicro and Macro Organic Chem- 
istry. 1942 388 pp plus 110 Pp of Questions and Report 
Forms $3.75 Thomas Y. Crowell Co. (#229) 
Cueronis, D., and Entrikin, JouHn B. Semimicro 
Qualitative Organic Analysis. 1956 688 pp $7.00 Thomas 
Y. Crowell Co. (#230) 
Conant, James H., and Bratt, ALBERT H. Chemistry of 
Organic Compounds. 4th Edition 1952 665 pp $6.50 
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Conant, James H., and..Biatt, ALBert H. Fundamentals of 
Organic Chemistry. 1950 413 pp $5.00 aS 
Corr, A. C. Organic Syntheses. Volume XXX 1950 115 pp 
$3.00 John Wiley & Sons, Inc. (#233) 
Cummine, M., Hopper, I. Vance, and WHEELER, T. 
SHertock. Systematic Organic Chemistry. 4th Edition 1951 
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Day, Attan R. Electronic Mechanisms of Organic Reactions. 
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Dreispacu, R. R., and Starr. Industrial and Engineering 
Chemistry, Editors. Physical Properties of Chemical Com- 
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ELpERFIELD, R.C. Heterocyclic Compounds. VolumeIV_ 1952 
674 pp $19.50 John Wiley & Sons, Inc. (#239) 
ELpERFIELD, R. C. Heterocyclic Com ae Volume V_ 1956 
? pp $(?) John Wiley & Sons, (#240) 
ELperFIELD, R. C. Heterocyclic Volume VI 
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= $6.19 Walter de Gruyter & Co. (#252) 

Gaytorp, N. G. Reduction with weg we Metal Hydrides. 
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Be sure to see these - 


The Fundamentals 
of College Chemistry 
Second Edition 


G. Brooks King, The State College of Washington 
William E. Caldwell, Oregon State College 


A widely used beginning chemistry text that 
the student can master with a minimum of 
guidance from the instructor 


Laboratory Experiments 
in General Chemistry 


G. Brooks King, The State College of Washington 
William E. Caldwell, Oregon State College 


A practical new manual ghonnee to accompany 
The Fundamentals of College Chemistry, Second 
Edition, but easily adaptable to other texts 


A Brief Course in 
Semimicro Qualitative 
Analysis 


William E. Caldwell, Oregon State College 
Brooks King, The State College of Washington 


A clear, concise manual planned for use in gen- 
eral chemistry courses which offer qualitative 
analysis as part of the laboratory work 


A Textbook of 


Qualitative Analysis 
Using the Semimicro Method 


William Buell Meldrum, Haverford College 
Albert Frederick Daggett, University o' 
ew Hampshire 


Basic theoretical material and laboratory in- 
structions—tailored to fit the one-semester 
course 


ase mention CHEMICAL EDUCATION when writing to advertisers 


Organic Chemistry 
Second Edition 


Howard J. Lucas, California Institute of Technology 


A classic text that offers the beginning stu- 
dent real help in assimilating the vast amount 
of material in modern organic chemistry 


Introduction to 
Organic Chemistry 


Gruener and Herman P. Lankelma 
Western Reserve University 


An introductory course designed primarily 
for students whose interest in the subject is of a 
general nature 


Electronic Mechanisms 
of Organic Reactions 


Allan R. Day, University of Pennsylvania 
A modern approach to the study of organic re- 


actions—for use in either beginning or ad- 
vanced courses 


Physical Chemistry 


Frank Thomson Gucker, Jr., Indiana Unicessiey 
William Buell Meldrum, Haverford College 


A flexible text suitable for either the full-year 
or the one-semester course 


Experiments in 
Physical Chemistry 


Otto F. Steinbach, Queens College 
Cecil V. King, New York University 


A useful manual of fifty experiments requiring 
simple, inexpensive apparatus 


American Book Company 55 Fifth avenue, New York 3, N.Y. _ 
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* INTERNATIONALLY RENOWNED 


Introductory Chemistry 


by Orro W. Nrrz 


Emphasizing the practical applications of chemistry, 
this outstanding new text is written especially for one- 
year courses in general chemistry. It presents an ex- 
ceptionally clear discussion of chemical principles and 

of the common elements and their compounds. 
528 pages $5.75 


Elements of Quantitative Analysis 
(formerly Elementary Quantitative Analysis) 


by Hosparr H. N. Furman and 
E. Bricker 


Completely revised and incorporating the most re- 
cent material, the Fourth Edition of this widely ac- 
cepted work features a brief introduction to statistical 
considerations, a complete chapter devoted to complex- 
forming titrations, a new presentation of gravimetric 
determinations, an expanded treatment of separation 
processes, a considerable increase in review questions 
and problems, and broader coverage of colorimetry and 
photometric methods. 592 pages $5.85 


Coming in January: New 2nd Edilion 


A Short Course 
in Quantitative Analysis 


by Hosparr H. Wittarp, N. FurMAN AND 
E. K. Bacon 


A complete text on the basic principles and tested 
procedures that form the core of quantitative analysis, 
this volume is a thoroughly reworked version of the orig- 
inal edition. The detailed laboratory procedures are 
those in general use throughout the country. Topics 
are carefully selected in order to cover all essential sub- 
jects in a single semester. 


Wrile now and reserve your examination copy. 


Fundamentals of 
Qualitative Chemical Analysis: 


Semimicro Method 
by Roy K. McA.prne and Byron A. SouLe 


Changed to the semimicro scale, this new Fourth 
Edition features a complete shift of analytical equations 
from the ‘‘molecular’”’ type to the “‘net’”’ form. Other 
modifications include the adoption of the hydronium 
ion H;O— in place of H + and the treatment of alka- 
line solutions of amphoteric hydroxides as hydroxy] 
complexes. 352 pages $5.00 


The Mathematics of Physics 
and Chemistry 


by Henry Marcenau and Georce M. Murpuy 


Revised and expanded, this Second Edition of 
renowned text features new sections on Laplace an 
related transformations and on the use of transforms i 
solving differential equations. Extensive revisions a 
made on many subjects, including the material deali 
with the crystallographic point groups. 

608 pages College edition $6.8 
Reference edition $7.9 


General College Chemistry 


by M. Cannon Sneep, J. Lewis Maynarp an 
Rosert C. Brastep 


This Second Edition maintains a careful balance b¢ 
tween the theoretical and descriptive sections. I 
systematic arrangement may readily be covered durit 
the standard beginning courses in college chemistr 
This edition features new material on physiologicé 
chemistry and dietary chemistry. 693 pages $6.: 


An Introduction 
to Organic Chemistry 


by Rocer J. and Lewis F. Harcu 


Concentrating on fundamentals, this Fifth Editio 
teaches the student to utilize the basic facts and co 


cepts presented, in predicting chemical reactions. 
668 pages $6. 


Semimicro Qualitative Analysis 


by Frank J. WeLcHER and Ricnarp B. Haun 


A sound and lucid treatment of semimicro analysi 
this 1955 text brilliantly accomplishes its three-fo 
objectives: (1) to provide a thorough study of t 
chemical and physical properties of the more comma 
cations and anions, and the compounds which th 
form; (2) to familiarize students with the concept ¢ 
equilibrium and the theoretical principles relating 
electrolytic solutions; and (3) to teach a sound labor 
tory technique. This comprehensive presentation ¢ 
modern theory is ideal for a thorough lecture-laboraton 
course in qualitative analysis. 497 pages $6.9 


* | D. Van Nostrand Company, Inc. 
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TEXTS AND REFERENCE WORKS| 


ictionary of Microbiology 


y Morris B. Jacoss, Maurice J. GeRsTEIN and 
ILLIAM G. WALTER 


PHY Gives clear and explicit definitions of many thousands 
ition of terms for the entire field of microbiology—organisms, 
place ang’sts, culture media, chemical compounds, biological 
nsforms i@rocesses and applications in industry, medicine, dairy 
visions ameience, and agriculture. Planned to meet the needs 
ial dealing’ Diochemists, industrial chemists, food chemists and 
any other scientists whose work involves the diseases 
ition $6.8 Men, animals or plants. 
ition $7.9 


Coming in October 


pmprehensive Inorganic Chemistry 
jolume VI: The Alkali Metals, Hydrogen 
dited by M. CANNON SNEED and Rosert C. BrastrEp 


NARD an@ Following the plan of the earlier volumes, Volume VI 
eviews the literature of chemistry for each of these im- 
ortant elements, summarizing all references up to the 
esent time. The alkali metal group consists of lith- 
m, sodium, potassium, rubidium, cesium and fran- 
Hum. 
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Ready early 1957 about 200 pages, probably $5.00 


uclear Fuels 


y Davin H. Gurinsky and G. J. DreENEs 


The first volume of The Geneva Series on the Peaceful 
ses of Alomic Energy, edited by Dr. James G. 
beckerley. 350 pages College Edition $6.25 
Reference Edition $7.50 


International Dictonary of 
Physics and Electronics 


Exact and unambiguous definitions, including hun- 
dreds of entries in spectroscopy, nucleonics and electri- 
city that often apply directly in chemical work, plus 
other hundreds of terms in physical chemistry. 


Over 1000 pages. Pre-publication price $17.50 


Chemical Trade Names and 
Commercial Synonyms, 2nd Edition 


by Haynes 


The only dictionary of its kind now available, pre- 
senting precise and complete definitions of the special 
names used in the modern chemical industry. Includes 
both abbreviations adopted to simplify long technical 
names and those terms coined by manufacturers. 


466 pages $8.00 


The Van Nostrand Chemists Dictionary 


Brings together the information most often needed by 
chemists, defining terms from physics, biology and engi- 
neering as well as from chemistry. Defines chemical 
reactions, tests and reagents in addition to chemical ele- 
ments and radicals. Cross-referenced to make all 
related topics instantly accessible. 

761 pages $12.00 


1 Editio 
; and co 
ions. 

ges $6. 


The works in chemical science published by the Elsevier 
Publishing Company of Amsterdam, coordinating the 
research of distinguished chemists in many countries, 
can now be purchased through the D. Van Nostrand 
Company, Inc. 


Just Published: 


troleum Refining with Chemicals 
y A. KauicHevsky and KennetH A. Kose 
hefining with chemicals and solvents, use of additives for im- 


‘ ving the quality of products, testing methods and _ their 
analysig@terpretations, etc. 

three-fo 

dy of tigepot Tests in Organic Analysis 


y Ferre. 


lew Fifth Edition (formerly Volume II), with. over 80 new 
sts, latest organic applications of spot reactions. 


comma 


hich the 


oncept ¢ 

elating 

nd Chemicals 

ntation @y J. Van ALPHEN ef al. 

laboratomBilingual guide to all known auxiliary materials, including 
yes $6.5 velerators, activators, antioxidants, retarders, etc. 


Chemistry of Carbon Compounds 


Edited by E. H. Ropp 
Volume III, Part B: Aromatic Compounds (continued) 


Completes the analysis of aromatic compounds, including named 
reactions, reagents and methods. 


Treatise on Inorganic Chemistry 


by H. Remy 


Volume II: Sub-Groups of the Periodic Table; 
General Topics. 


Treats the physics and chemistry of the elements in relation to 
their position in the periodic system. 


ublishers Since 1848 


120 Alexander Street 
Princeton, New Jersey 
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Royats, E. Earu. Advanced Organic Chemistry. 1953 948 pp 
$12.00 Prentice-Hall, Inc. (#304) 
Scumipt, J. T. B., et ‘al. A Textbook of Organic Chemistry. 
6th Edition 1950 939 pp $15.00 D. va Nostrand Co., 


Inc (#305 ) 
Somsseenn, R. S. Organic Syntheses. Volume XXXI_ 1951 
122pp $3.50 John Wiley & Sons, Inc. (#306 
Seimei, A. Solubilities. Volume Compounds. 
— Edition 1941 926 pp $16.00 D. Van ce 
A. Solubilities. Volume IlI—Supplement to In- 
organic and Organic ee 1952 1255 pp $16.00 
D. Van Nostrand Co., Inc. (#308) 
Surrey, D. A. Pre ae of Organic Intermediates. 1951 
328 pp $8.00 John Wiley & Sons, Inc. (#309) 
— R. L. and Fuson, R. C. Systematic Identification of 
px og Compounds. 4th Edition 1956 426 pp $6.00 
n Wiley & Sons, Inc. (#310) 
PR S. Quantitative Organic Analysis via Functional Groups. 
_ Edition 1954 227 pp $5.00 John Wiley «pb 
311 
Smiru, W. T. and Suriner, R. L. Examination of New Orga 
Compounds. 1956 ? pp $(?) John Wiley & as = 
PA no Industrial & Engineering Chemistry, Editors. Nomen- 
clature _ Terpene Hydrocarbons. (Advances in Chemistry 
Series No. 14) 1955 109 pp $3.00 American Chemical 
Society. (#313) 
STONE, "K. G. Determination of Organic Compounds. In 
preparation (#314) 
TeMPERLEY, H. N. V. Changes of Stale. 1956 Approx. 400 
pp $7.50 Interscience Publishers, Inc.  - (#315) 
THEILHEIMER, W. Synthetic Methods of Organic Chemistry. 
Volume X; in English—with Cumulative fete of Volumes 
VI to X 1956 784 pp $25.25 Interscience Publishers, 
Ine. (#316) 
Topp, Str ALEXANDER R., Editor. Perspectives in Organic 
Chemistry. Dedicated to Sir Robert Robinson 1956 Approx. 
520 pp ae $7.50 Interscience Publishers, Inc. (#317) 
Turner, E and Harris, M. M. Organic Chemistry. 1952 
904 pp $12.00 Longmans. (#318) 
UNDERKOFLER, LELAND A. Introduction to Organic Chemistry. 
1953 352pp $4.25 D. Van Nostrand Co., Inc. (#319) 
UNDERKOFLER, LELAND A. Laboratory Experiments in Organic 
Chemistry. 3rd Edition 1954 200 pp $3.00 Wm. C. 
Brown Company. (#320) 
Voaet, A. I. Practical Organic Chemistry, including Qualitative 
Organic Analysis. 3rd Edition 1956 1188 pp $12.00 
Longmans. (#321) 
Waener, R. P. and Zoox, H. D. Synthetic Organic Chemistry. 
1953 887pp $12.50 John Wiley & Sons, Inc. (#322) 
Waters, A. Physical of Organic Chemistry. 
4th Edition 1950 539 pp lege Edition $6.50 Ref- 
erence Edition $8.75 D. Van Nostrand Co. Inc. (#323) 
WeltssBerGeR, A., Editor. Technique of Organic Chemistry. 
Volume III In two parts 2nd Edition Revised and 
enlarged Part I: Separation and Purification 1956 Approx. 
900 pp Approx. $18.00 Interscience Publishers, Inc. 
#324) 
WEIssBERGER, A., Editor. Catalytic, Photochemical and Elec- 
trolytic Reactions. Volume Fm echnique of Organic Chem- 
istry 2nd Edition Revised and enlarged 1956 556 p 
$11.50 Interscience Publishers, Inc. (4325) 
WEIssBERGER, A., Editor. Physical Methods of Organic Chem- 
istry. Volume L, Part I1I—Technique of Organic Chemistry 
1954 446 pp $8.50 Interscience Publishers, Inc. (#326) 
WertTHEIM, E. Experiments in Organic Chemistry. 3rd Edition 
1956 $2.50 McGraw-Hill. (#327) 
Wertuermm, E. Introductory Or Chemistry. 3rd Edition 
1956 ? pp $4.50 McGraw- (#3 
Wertuerm, E. Practical Chemistry. 
$3.00 McGraw-Hill. 
Wertuem, E. Textbook o ef 
1951 958 pp $6.50 McGraw-Hill. (4550) 
WuHELAND, G. W. Advanced Organic Chemistry. 2nd Edition 
1949 799pp $9.00 John Wiley & Sons, Inc. (#331) 
WHELAND, G. W. Resonance in + Chemistry. 1955 846 
pp $15.00 John Wiley & Sons, Inc. (#332) 
Wuitmore, Frank C. Organic Chemistry. 2nd Edition 1951 
960 pp College Edition $9.50 Reference Edition $12.75 
D. Van Nostrand Co., Inc. (#333) 
Wisavt, J.P. Holleman’s Organic Chemistry. 1951 662 pp 
$5.50 D. Van Nostrand Co., Inc. (#334) 
WituraMs, Roger J. and BEERSTECHER JR. Ernest. A Labora- 
tory Manual of Organic Chemistry. 4th Edition 1948 226 p 
$3.25 D. Van Nostrand Co., Inc. (4335) 
Wi.utaMs, Roger J. and Hatcu, Lewis F. An Introduction to 
Organic Chemistry. 5th Edition 1948 668 pp $6.00 D. 
Van Nostrand Co., Inc. (#336) 


A406 


Wise, Louis E. and Jann, Epwin C. Wood Chemistry. 2nd 
Edition (ACS Monograph No. 97) Volume I 1952 698 
pp $16.50 Reinhold Publishing Corp. (#337) 

Wisk, Louis E. and Jann, Epwin C. Wood Chemistry. 2nd 
Edition (ACS Monograph No. 97) Volume II 1952 595 
pp $16.50 Reinhold Publishing Corp. (#338) 


INORGANIC 


AuprietH, L. F. Inorganic Syntheses. 
230 pp age McGraw-Hill. (#339) 
AuprietH, L. F. and J. Non-Aqueous Solvents. 
1953 284 pp $7.50 John Wiley & Sons, Inc. (#340) 
Batwar, J. Inorganic Syntheses. Volume IV 1953 218 pp 
$5.00 McGraw-Hill. (#341) 
Bariar, Joun C. The Chemistry of the Coordination Compounds. 
(ACS No. 131) 1956 800 pp $18.50 Reinhold 
Publishing (#342) 
Barnett, E. de B., and Witson, C. L. Advanced Textbook on 
1953 512 pp $7.00 Longmans. (#343) 
Boortn, H. S. anic Syntheses. Volume I 1939 197 pp 
$5.00 (#344) 
Bootu, H. 8. and Martin, D. R. Boron Trifluoride and its 
Derivatives. 1949 315 pp $9.00 John Wiley & Sons, Inc. 


(#345) 
Dopp, R. E. and Rosinson, P. L. Experimental Inorganic 
A Guide to Laboratory 1954 
$7.25 sy Nostrand Co., Ine. (# 
EMELEUs, J. and ANDERSON, J. 8S. Modern Aspects of In- 
organic. 2nd Edition 1952 557 pp $7.25 D. 
Van Nostrand Co. 1 
Fernetius, W. C. 
293 pp $6.00 McGraw-Hill. (#348 
GMeELIn’s Handbuch der Anorganischen Chemie. 8th Edition 
1954 System 8 No. 2-Iodine 416 pp $58.08 Walter J. 
Johnson, Inc. (#349) 
GMELIN’s Handbuch der Anorganischen Chemie. 8th Edition 
1956 System 28, Part B, Section 1—Calcium 264 pp 
$35.28 Walter J. ‘Johnson, Inc. (#350) 
GmeE.in’s Handbuch der Anorganischen Chemie. 8th Edition 


Volume III 1950 


Inorganic Synthesis. Volume II 


1956 ye 32—Zinc Supplement Volume 1025 pp $136.85 


Walter J. Johnson, Inc. (#351) 
GMELIN’s Handbuch der Anorganischen Chemie. 8th Edition 
1955 System 60, Part A, Section 1—Copper 710 pp $92.88 
Walter J. Johnson, Inc. #352) 
GMELIN’s Handbuch der Anorganischen Chemie. 8th Edition 
1955 System 60, Part A, Section 2—Copper 755 pp $101.- 
04 Walter J. Johnson, I ne. (#353) 

Goutp, Epwin S. Inorganic Reactions and Structure. 

470 pp $6.75 Henry Holt & Co., Inc. 

HouieMaN A. F. and Wisera, E. Lehrbuch der anorganischen 
Chemie. 37./39. Aufl. 1955 XXVIII, 696 S. 166 sa 
DM _28,- = $6.67 Walter de Gruyter & Co. (#355) 

Hurp, D. T. An Introduction to the Chemistry of the Hydrides. 
1952 231pp $7.50 John Wiley & Sons, Inc. (# 

Kose, Kennets A. Inorganic Process Industries. 
pp $6.00 Macmillan. 

LATIMER, WENDELL M. Ovzidation Potentials. 
1952 392pp $7.50 Prentice-Hall, Inc. (#358) 

MarTEL, ARTHUR and CaLvIN, MELVIN. Chemistry of the Metai 
Chelate Compounds. 1952 613 pp $10.00 Prentice-Hall, 
Ine. (#359) 

Moe.ierR, T. Jnorganic Chemistry. 1952 966 pp $12.00 
College Edition $10.00 John Wiley & Sons, Inc. (#360) 

Patmer, W. G. Experimental Inorganic Chemistry. 3rd Edi- 
tion 1955 577 pp $9.00 Cambridge University (aoat} 

#361 

Remy, H. Treatise on Inorganic Chemistry. Volume I 1956 

866 pp $19.50 Per set $34.00 D. Van Nostrand Co., Inc. 


(#362 ) 
Remy, H. Treatise on Inorganic Chemistry. Volume II 1956 
Approx. 800 pp Probably $19.50 D. Van Nostrand . Inc. 


#363) 
Seme.i, A. Solubilities. Volume I—Inorganic and Metal- 
Organic Compounds. 


4357) 
2nd Edition 


3rd Edition 1940 926 pp $16.00 
D. Van Nostrand Co., Inc. (#364) 
Prerce W. Magnetochemisiry. Revised. Edition 
1956 Approx. 390 pp Approx. $9.00 Interscience Pub- 
lishers, Inc. (#365 ) 
M. Cannon, MayNarp, J. Lewis and Brastep, RoBERT 
‘Comprehensive Inorganic Chemistry. Volume I—Atomic 

and Molecular Structure; Nuclear Chemistry; — 
Series 1953 264 pp $5.00 D. Van Nostrand Co. ss Inc. 
366) 
SNEED, M. Cannon, Maynarp, J. Lewis and BrastTEep, ROBERT 
. Comprehensive Inorganic Chemistry. Volume I1—-Copper, 
Silver “ Gold 1954 256 pp $5.00 D. Van Nostrand 
Co., Inc. (#367) 
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ICONOMIC GEOGRAPHY OF INDUSTRIAL MATERIALS—edited by AL- 
RTS. CARLSON. Written by 27 outstanding experts. 

oswers many perplexing problems that industry must face in today’s ever- 
hanging economic atmosphere. Describes conditions necessary for profit- 
bie production. Such factors as location, climate, soil, topography, water 
sources, minerals, fuels, labor, capital, management, transportation, and 
inarkets are discussed and evaluated to show profitable trends and condi- 
‘ions, present and future. Each factor is carefully presented by company, 
de association, or individual writing the subject or chapter involved. 
1956, 500 pages, Packed with maps, tables, charts, statistics, $12.50 


DVANCED ANALYTICAL CHEMISTRY—by WALTER WAGNER, CLAR- 
INCE J. HULL, and GERALD E. MARKLE 

The first book to successfully combine the latest theory and instrumental 
techniques with established classical methods. It fills a need long indi- 
tated in the literature of analytical chemistry at the level of the begi 
graduate student. Part 1 covers the new theoretical developments an 
instrumental analysis. Part 2 describes the separation and ysis of ele- 
ments according to periodic —_- Many el ts are included not 
usually discussed in basic analytical courses. 


1956, 304 pages, $6.00 


‘LUID FLOW IN PRACTICE—edited by J. R. CADDELL 
Presents the proceedings of the Third “ ta pe 
sium, sponsored jointly by the Philadelphia- Wilmington Section of the er- 
ican Institute of Chemical Engineers and the University of Pennsylvania. 
Provides excellent papers related to fluid flow techniques in petroleum re- 
fining, including stationary and moving beds. Emphasis is on practical 
aspects and problems tered by chemical engi) s in handling soli 
fluids systems, with attention to fundamental mathematics involved. 

1956, 115 pages, $3.00 


FLUIDIZATION—edited by DONALD F. OTHMER 
The only up-to-date book in its field, this new work presents the complete 
and revised papers of the recent symposium on fluidization held at the Poly- 
technic Institute of Brooklyn with the cooperation of the American Institute 
of Chemical Engineers. Fully describes the latest advances in theory and 
in practical applications involved in the use of finely divided solids as cata- 
lyst supports, and discusses the advantages and disadvantages of fluidized 


catalyst beds. 
1956, 240 pages, $7.00 


DISTILLATION IN PRACTICE—edited by the late CHARLES H. NIELSEN 


This valuable new book is based on ‘‘Experience-in-Industry’’ Symposium, 
jointly sponsored by the Philadelphia- Wilmington Section of the American 
institute of Chemical Engineers and the University of Pennsylvania. Cov- 
ers the evolution of distilling techniques, column design, techniques of 
petroleum fractionation, instrumentation, operation of distillation equip- 
ment, and commercial aspects of vacuum distillation. Contributors are 
among the country’s foremost industrial engineers. 

1956, 134 pages, $3.00 


TEMPERATURE, Its Measurement and Control in Science and Industry, 
Volume 2—edited by HUGH C. WOLFE t 
Presents the proceedings of the 3rd International Symposium on Tempera- 
ture, with significant material about temperature concept and the phe- 
nomena on the basis of which temperature can be determined over the range 
of from .001°K to the temperatures at the core of an atomic explosion. Ex- 
— of many nations who prepared the _ cover not only their own work, 
ut that of many others in the same fields. 
1955, 480 pages, $12.00 


HYDROGEN PEROXIDE—by WALTER C. SCHUMB, CHARLES N. SATTER- 
FIELD and RALPH L. WENTWORTH 

This is the only comprehensive book-length treatment in English of the 
manufacture, properties, technology and uses of hydrogen peroxide. It 
covers the history and technical develop t of hydrogen peroxide; purifi- 
cation and handling; physical, thermodynamic, electrical and chemical 
properties; molecular structure and association; catalysis and reaction 
mechanisms; stability; methods of qualitative and quantitative analysis; 
and uses of hydrogen peroxide including bleaching, oxidation, and as a 
source of energy. his valuable new monograph also deals with the prepa- 
ration of —— peroxides and superoxides, and describes the metallic 
and non-metallic peroxy compounds, peroxy acids and salts. 

1955, ACS Monograph, 750 pages, $16.50 
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HANDBOOK OF BARREL FINISHING—by RALPH F. ENYEDY 

For the first time in book form, here are the complete details of this precise. 
economical method of finishing metal and plastic parts. very | i of 
barrel finishing from cleaning and deslugging to coloring, polishing, and 
burnishing is covered step by step. More than 150 complete specification 

b e latest developments in equi t, Gnishi: 

and methods are described in full detail. 
1955, 288 pages, $7.50 


DRYING AND DEHYDRATION OF FOODS, 2nd Edition—by HARRY W. 
von LOESECKE 

Revised from cover to cover, this brand-new edition of von Loesecke’s 
classic treatise now reflects all of the amazing developments accomplished 
— the last decade in the field of food dehydration. In this book, you’ll 
find all the facts 'y for ful operation of dehydration projects, 
both large and small. It stresses specific details, such as moisture content, 
time and temperature of blanching, yield to be expected, trimming losses 
and similar problems for all types of fruits, vegetables, meats and fish, as 
well as a complete chapter on ~y- ES. he construction and opera- 
tion of the most modern ty, ehydration machinery and equipment, 
inclu m and tunnel dryers, spray dryers and vacuum cabi- 


nets, are described at le 
1955, 305 pages, $7.50 


QUALITATIVE ORGANIC ANALYSIS—by ALEXANDER McGOOKIN 


This book offers a practical scheme of organic analysis used successfully 
by the author for over 30 years with all types of chemistry students. Em- 
phasis is on scientific method rather than mere laboratory technique. Each 


method of analysis is outlined in terms of experiment-observation-inference, 
to teach reliance on logical thought as basic for understanding scientific 
method. Students learn to determine for themselves how to work and 
what to look for. An excellent refresher for advanced students, too. 

1955, 162 pages, $4.50 


INSTRUMENTS FOR MEASUREMENT AND CONTROL—by WERNER G. 
HOLZBOCK 


New, and the first book to describe and illustrate all the most recent de- 
vices for measuring and controlling temperature, moisture, ay oy’ flow, 


uniformity, etc. In non-mathematical language it discusses the design, 
construction, operation of instruments, shows how various instruments 
compare with each other, and points out the factors to ider in choosi 

the proper instrument for a particular job. Describes in detail analytical 
process instrumentation, which has gained great importance in recent years. 


1955, 416 pages, $10.00 


HAWLEY’S TECHNICAL SPELLER—compiled by GESSNER G. HAWLEY and 
ALICE W. HAWLEY 

Ideal for anyone who must use hard-to-spell scientific terms in his work. 
This technical word-book contains over 8,000 difficult technical words 
selected from the vocabularies of chemistry, shoes, engineering, elec- 
tronics, biology, medicine and other fields of science and technology. 
Also included are many common words of troublesome spelling which occur 
repeatedly in technica’ a and correspondence. any of these, such 
as names of complex chemicals and proper names, do not appear in desk- 


size dictionaries. 
1955, 146 pages, $2.95 


PLASTICS FOR CORROSION-RESISTANT APPLICATIONS—by RAY- 


MOND B. SEYMOUR and ROBERT H. STEINER 
This valuable new book supplies background information necessary in 
selecting the proper - for construction in corrosive atmospheres. It 
includes a thorough description of the relationships between the chemical 
and physical properties and the molecular structure of plastic materials. 
Expert information is also given on the use of plastics as protective coatings, 
organic linings, chemical resistant mortar cements, casting resins, plastic 
foams, impregnants, industrial adhesives and reinforced materials. 

= 1955, 448 pages, $7.50 


NEW METHODS IN ANALYTICAL CHEMISTRY—by RONALD BELCHER 


Skillfully compiled into one handy reference volume, this work presents a 
selected group of analytical methods that have been very recently dis- 
covered, or hidden in the vast literature of — chemistry. any 
methods described have been tested by the authors themselves; others 
recommended by outstanding investigators, making a wide variety of 
methods instantly available for the many occasions when long-established 
“‘text-book’’ techniques fail to meet requirements. 

1955, 300 pages, $5.50 
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Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, ROBERT 
Comprehensive Inorganic Volume III—The 
Halogens 1954 250 pp $5.00 D. Van Nostrand ~ a 
Sneep, M, Cannon and Brastep, Rosert C. Comprehensive 
Inorganic Chemistry. Volume IV—Zinc, Cadmium and 
Mercury; Scandium, Yttrium and the Lanthanide Series 
1955 193pp $5.00 D. Van Nostrand Co., Inc. (#369) 
SNEED, M. Cannon and Brastep, RoBERT C. Comprehensive 
Inorganic Chemistry. Volume V—Nitrogen, Phosphorus, 
Arsenic, Antimony and Bismuth; Nonaqueous Chemistry 
1956 214pp $5.00 D.Van Nostrand Co. , Inc. (#370) 
TuorneE, P. C. L. and Roserts, E. R. Ephraim’s Inorganic 
Chemistry. 6th Edition Revised and enlarged 1955 968 pp 
$6.25 Interscience Publishers, Inc. (#371) 
Watton, Harotp F. Inorganic Preparations. 1948 529 pp 
$3.75 Prentice-Hall, Inc. (#372) 


PHYSICAL CHEMISTRY 


Amis, Epwarp S. Kinetics of Chemical Change in bar 
1949 354pp $5.25 Macmillan. (#373) 
Basor, JosepyH A. and Turessen, Garrett W. How to Solve 
Problems in Physical Chemistry. "1944 215 pp $2.00 Thomas 
Y. Crowell Co. (#374) 
Bapcer, G. M. The Structures and Reactions o, J 
Compounds. 1954 456 pp $11.50 Cambridge eae | 
3 


Press. ( 
Bamrorp, C. H., Exuiorr, A. and Hansy, W. E. Synthetic 
pee Preparation, Structure, and Properties. Volume 
hysical Chemistry 1956 Approx. 450 pp $(?) Aca- 
demic (#376) 
BIKERMAN, J. J. Foams: Theory and Industrial Applications. 
1953 347 aye $10.00 Reinhold Publishing Corp. (#377) 
BUERGER, J. Elementary Crystallography. 1956 
$(?). John Wiley & Sons, Inc. 
Carman, P. C. Flow of Gases Through Porous Media. 
182 pp $6.00 Academic Press, Inc. 
Carney, Tuomas P. Laboratory Fractional Distillation. 
259 pp $4.90 Macmillan. (#380) 
Combustion Institute. Fifth Symposium (International) on 
Combustion: Combustion in Engines and Combustion Kinetics. 
1955 828 $15.00 Reinhold Publishing Corp. (#381) 
CrockForp, H. D. and Knieut, 8. B. Fundamentals of Physical 
Chemistr. for Premedical Students. 1950 366 pp $5.00 
John Wiley & Sons, Inc. (#382) 
Crockrorp, H. D. and Nowetu. Laboratory Manual of Physi- 
cal Chemistry. 1956 ? pp $( ?) John Wiley 
Sons, Inc. (4383) 
Cuuuity, B. D. Elements of X-Ray 1956 528 
pp $10.00 Addison-Wesley Publishing Co., Inc (#384) 
Daniets, F. and Auserty, R. A. Physical ’ Chemistry. 1955 
671 pp $6.50 John Wiley & Sons, Inc. (#385) 
DaniEts, F., Matuews, J. H. and ’WILLIAMs, J. W. Experi- 
mental’ Physical Chemistry 4th Edition 568 pp $6.00 
McGraw-Hill. (#386) 
Davipson, A. W., VAN H. S. and Bavrr, W. H. 
Laboratory Manual of Physical Chemistry. 4th Edition 
1956 ? pp $(?) John Wiley & Sons, Inc. #387) 
Densicu, K. The Principles of Chemical Equilibrium. 1955 
491 pp $7.50 Cambridge University Press. (#388) 
Maucoim. Introduction to Statistical Thermodynamics. 
1954 248 pp $6.25 Prentice-Hall, Inc. (4389) 
Errer, WitHetm. The Physical Chemistry of the Silicates. 
1954 239 pp $45.00 The University of Chicago jon} 
#390 
Exey, D. D., W. G. and KomMarewsky, 
Editors. Advances in Catalysis and Related Subjects. Vol- 
mong VIII 1956 Approx. 415 pp $(?) Academic Press, 


Paut H. Catalysis. Volume I 1954 
Reinhold Publishing Co 
II 1955 


Paut H. Catalysis. 
Reinhold Publishing Corp. 
Paut H. Catalysis. III 1955 
Reinhold Publishing 
Pau. Catalysis olume IV 1955 pp 
h Reinhold Publishing Co orp (#395) 
Frost, A. A. and Pearson, Kinetics and Mechanisms. 
1953 own $6.50 John Wiley Ine. 
Garner, W. E., Editor. Chemistry of the Solid State. 
407 pp $6.80 Academic Press, Inc. 
A. E. Fe 
Absorption S m Chemistry. 
$10.00 St po 8 (# 
GuasstonE, S. The aimee of Physical Chemistry. 
695 pp $6.00 D. Van Nostrand Co., Inc. (#399 
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Guasstong, of Physical Chemistry. 2nd Edition 
1946 1320 College Palition $10.00 Reference Edition 
$12.50 D. “ot Nostrand Co., Inc. 

GuassTtonE, 8. Theoretical Chemistry. 1944 515 pp $7.00 
D. Van Nostrand Co., Inc. #401) 
GLassTonE, 8S. Thermodynamics for Chemists. 1947 522 pp 
$6.00 D. Van Nostrand Co., Inc. ( ) 

GuassTong, 8., Larpter, K. J. and Eyrine, H. Theory 
Processes. 1941 611lpp $9.50 McGraw-Hill 

GuckeER, JR., FRANK THOMSON and MELDRUM, WILLIAM BUELL. 
Physical Chemistry. 1950 554 pp $4. 75 American Book 
Company. (#404 ) 

GuaGGEnHEIM, E. A. and Pruz, M. A. Physicochemical Cal- 
culations. 1955 502 pp $7.00 iutiuaclanen Publishers, 
Ine. (#405 ) 

Hammett, L. P. Introduction to the Study of Physical Chem- 
istry. 1952 427pp $6.50 McGraw-Hill. (#406) 

Harkins, W. D. The Physical Chemistry of Surface Films. 
1952 450 PP $10.00 Reinhold Publishing Corp. (#407) 

Harnep, H. E. and Owen, B. B. The Physical “yyy Fd of 
Electrolytic Solutions. (ACS ea No. 95) 2nd 
tion 1950 650 pp $14.00 Reinhold Publishing (jaab) 


Harrison, Georce R., Lorp, R. C. and Loorsourow, J. R. 
1949 605 pp $6.50 Prentice Hall 


Practical Spectroscopy. 
Inc 


HILDEBRAND, J. H. and Scort, R. L. The Solubility of Non- 
electrolytes. (ACS Mono raph No. 17) 3rd Edition 1950 
475 pp $12.00 Reinhold Publishing Corp. (#410) 

Hitt, T. L. Statistical Mechanics: Principles and Selected 
Applications. In preparation McGraw-Hill. (#411) 

HirscHFre.ver, J. O., Curtiss, C. F. and Biro, R. B. The 
Molecular Theory of Gases and iquids. 1954 1219pp $20.00 
John Wiley & Sons, Inc. (#412) 

Kirret, C. Introduction to Solid State Physics. 2nd Edition 
1956 ? pp $(?) John Wiley & Sons, Inc. (#413) 

Kuotz, Irving M. Chemical Thermodynamics. 1950 416 pp 
$6.50 Prentice-Hall, Inc. (#414) 

Kuve, H. P. and ALexannper, L. E. X-Ray Diffraction Pro- 
cedures. 1954 716 pp $16.00 John Wiley oe, 


KOLLER Ultraviolet Radiation. 1952 270 pp $7.50 
John Wiley & Sone Inc. (#416) 
Lee, Joun F. and Sears, Francis W. Thermodynamics. 
1955 543 pp $8.50 Addison-Wesley Publishing ety 
Mac Dovuagati, Frank H. Physical Chemistry. 3rd Edition 
1952 722pp $6.00 Macmillan. (#418) 
Mack Jr., Epwarp and France, Westey G. A Laboratory 
Manual’ of Elementary Physical Chemistry. 1934 304 pp 
$3.75 D. Van Nostrand Co., Inc. (#419) 
MartsEen, F. A., Myers, Jack and HACKERMAN, NORMAN. 
Pre-Medical Physical Chemistry. 1949 344 pp Mac- 
millan. 
Mayer, J. E. and Mayer, M. G. Statistical Mechanics. 
495 pp $7.50 John Wiley & Sons, Inc. ( 
Metitow, M. G. Analytical Absorption Spectroscopy. 
618 pp $11.50 John Wiley & Sons, Inc. (#422) 
J.L.and Couture, B. Surface Activity. 1951 379 pp 
$12. D. Van Nostrand Co., Ine. 23) 
Water J. Physical Chemistry. 2nd Edition 1955 
633 pp $7.50 Prentice-Hall, Inc. (#424) 
W., The Fundamentals of 
1950 260 pp $6.50 Reinhold Publishing Corp. (#425) 
Ossporn, G. H. Synthetic Ion-Exchangers. 1956 194 pp 
import $6.00 Macmillan. 26) 
ParTINGTON, J.R. An Advanced Treatise on Physical Chemistry. 
Volume V—Molecular Spectra and Structure, Dielectrics and 
Dipole Moments. 1954 565 pp $20.00 Longmans. (#427) 
Pau.inG, L. and Witson, E. B Introduction to Quantum Me- 
chanics with Applications to Chemistry. 1935 468 pp $6.50 
McGraw-Hill. #428 
Pitzer, Kennetu 8S. Quantum Chemistry. 1953 529 pp 
$7.50 Prentice-Hall, Inc. 29 
Pricoeine, and. DeFay, RayMonp. 
dynamics. 543 pp $14.00 Longmans. #4 
Pruttron, Cari F. prt Maron, Samuet H. Fundamental 
Principles o Physical Chemistry. 2nd Edition 1951 820 
pp $6.00 acmillan. (#431) 
Remy, JosepH and Rag, H. Physico-Chemical 
Methods. Volume I 5th Edition 1954 751 pp $15.00 
D. Von Nostrand Co., Inc. (#432) 
JosePH and Rag, Witu1am H. Physico-Chemical 
Methods. Volume II 5th Edition 1954 789 pp $15.00 
D. Van Nostrand Co., Inc. (#433) 
JosEpH and "Raz, Wituram H. Physico-Chemical 
Methods. Volume III 5th Edition 1948 675 pp $15.00 
D. Van Nostrand Co., Inc. (#434) 
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See these outstanding 
books at the Book Exhibit ! 


HOWARD NECHAMKIN, Pratt Institute 


Emphasis upon careful observations, following 
directions, and problem-solving characterize the 
Second Edition of this new-type manual as they 
did the first. 

The revision contains entirely new experiments 
on equilibrium, analysis, and organic chemistry, 
as well as a complete procedure for qualitative 
analysis of cations. Additions also include an 


Completely rewritten, reorganized, and expanded 
to increase the book’s usefulness both to students 
and to experienced workers. The Second Edition 
can be used with ordinary equipment available in 
all colleges and organic laboratories. In addition, 
it includes techniques for small-scale work (semi- 


M. G. MELLON, Purdue University 


The sequence of operations followed in applied 
analysis logically determines the organization of 
Part One, “General Principles.”” Thus, selection 
and preparation, measurement, and preliminary 
treatment of the sample are discussed first. Then 
follow chapters on various methods of separating 
and measuring the desired constituent. 


LABORATORY PROBLEMS IN GENERAL CHEMISTRY 


SEMIMICRO QUALITATIVE ORGANIC ANALYSIS, Second Edition 
NICHOLAS D. CHERONIS, Brooklyn College, and JOHN B. ENTRIKIN, 


QUANTITATIVE ANALYSIS: Methods of Separation and Measurement 


These and other Crowell chemistry texts are on display in the Chemical 
Education Book Exhibit at the ACS. For further information or examination 


Second Edition 


appendix on significant figures and a table of 
logarithms. 
A revised Teacher’s Guide is available without 
charge to all teachers using the manual. It con- 
tains a list of materials, suggested unknowns and 
grading scales, answers, and correlations with 
textbooks. 

1956 © 305 pages X 8*/s Hard cover $2.75 


Centenary College 


micro and, in some cases, micro). 

The Tables of Compounds and Derivatives have 
been greatly revised and expanded. The number 
of exercises and problems and the bibliographical 
references have all been greatly increased. 


1956 688 pages X 9'/, $7.00 


This basic organization is further emphasized in 
the laboratory exercises in Part Two, where each 
procedure follows the same sequence of opera- 


tions. 
All numerical problems have been grouped to- 


gether in Part Three. 
1955 694 pages X 91/, $6.50 
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- Ricct, Joun E. Phase Rule and Heterogeneous Equilibrium. 
1951 468 College Edition $10.00 lwense Edition 
$13.50 D. Van Nostrand Co., Inc. (#435) 
Rossin1, F. D. Chemical Thermodynamics. 1950 .514 pp 
$6.50 John Wiley & Sons, Inc. (#436) 
Rutoers, A. J. Physical Chemistry. 1954 824 pp $8.50 
Interscience Publishers, Inc. (#437) 
Sanperson, R. T. Vacuum Manipulation of Volatile Com- 
pounds. 1948 162 pp $5.00 John Wiley & me 
Sawyer, Raupu A. Spectroscopy. 2nd Edition 
1951 384pp $6.50 Prentice-Hall, Inc. (#439) 
Lars., Lance, W. and GaBRIELSON, CaRL O. 
Problems in Physical Chemistry. 1952 370 pp $5.50 Pren- 


tice-Hall, Inc. (#440) 
Dielectric Behavior and Structure. 1955 ‘ha PP 


Smytu, C. P. 
$9.00 McGraw-Hill. #44 
orev J. C. An Introduction to the Electronic Theory 
of Valency. 8rd_ Edition 1956 180 pp $3.00 
St. Martin ge ne. (#442) 
Streactig, E. R. Atomic and Free Radical Reactions. (ACS 
Monogra: h ie 125) 2nd Edition In two volumes 1954 
914 pp iy set Reinhold Publishing Corp. (#443) 
Srempacu, Orro F. and Kine, V. Experiments in 
Physical Chemistry. 1950 256 pp $3.50 American Book 
Company. (#444) 
Taytor, H. S. and Guasstons, 8. A T'reatise on Physical 
Chemistry. Volume I—Atomistics and Thermodynamics. 
3rd Edition 1942 677 pp $10.00 D. Van Nostrand Co., 
Ine. (#445) 
Taytor, H. S. and Guasstonge, S. A Treatise on Physical 
Chemistry. Volume II—States of Matter. -3rd Edition 1951 
701 pp $12.50 D. Van Nostrand Co., Inc. (#446) 


ELECTROCHEMISTRY 


GuasstongE, 8. An Introduction to Electrochemistry. 1952 557 
pp $7.00 D. Van Nostrand Co., Inc. (#447) 
Suep.ovsky, T. Electrochemistry in Bio and Medicine. 
1955 369 pp $10.50 John Wiley & Sons, Inc (#448) 


COLLOID CHEMISTRY 


BecuEr, Basic Emulsion 
Book No. 5) 1955 160 pp $2.95 
0 
Dean, Rosert B. Modern Colloids. 
D. Van Nostrand Co., Inc. 
Fiscuer, E. K. Colloidal Dispersions. 1950 387 pp $10.00 
John Wiley & Sons, Inc. (#451) 
Hauser, Ernst A. Silicic Science. 1955 188 pp $5.00 
D. Van Nostrand Co., Inc (#452) 
ILer, Rate K. The Colloid Chemistry of Silica and Silicates. 
1955 336 pp $5.50 Cornell University Press. #453) 
JIRGENSONS B. and Srraumanis, M. E. Short Textbook vA 
Colloid Chemisiry. 1954 420 pp $8.00 John Wiley 
Sons, Inc. (#454) 
Lewis, WarrREN K., Squires, LomBaRD and BRrovuGuHTon, 
Georrrey. Industrial Chemistry of Colloidal and Amorphous 
Materials. 1942 540pp $6.00 acmillan. (#455) 
Starr, Industrial & Engineering Chemistry, Editors. Natural 
Plant Hydrocolloids. (Advances in Chemistry Series No. 11) 
1954 103pp $2.50 American Chemical Society. (#456) 
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AMERICAN INstTITUTE OF Puysics. Temperature: Its Measure- 
ment and Control in Science and Industry. Volume I 1941 
1362 pp $18.00 Reinhold Publishing Corp. (#457) 

AMERICAN INsTITUTE OF Puysics. Temperature: Its Measure- 
ment and Control in Science and Industry. Volume II 1955 
480 pp $12.00 Reinhold Publishing Corp. (#458) 

BeiseR, ARTHUR and BEISER, GERMAINE. ae! for Every- 
body. 1956 192pp $3.50 E.P.Dutton&Co.,Inc. (#459) 

Britiourn, L. Science and Information Theory. 1956 320 pp 
$6.80 Academic ee Inc. ( 

E. Boltzmann’s Distribution Law. 

61 pp $1.50 hietedeaes Publishers, Inc. ( 

Hing, G. J. and Browne 1, G. L., Editors. Radiation Dosim- 

1956 9382pp $22.00 Academic Press, Inc. (#462) 
, C. BE. Kennetu. The Theory of the Pho 09 Process. 
2nd Edition 1954 1133pp $21.50 Macmil (#463) 

MENZEL, Donatp H. undamental ‘of Physics. 

1955 "696 $10.00 Prentice-Hall, Inc. (#464) 

Scuirr, ntum Mechanics. 2nd Edition 1955 417 
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Samos, Morris M. and Murpuy, GeorGe M., Editors. Recent 
Advances in Science—Physics and App lied Mathematics. 
1956 Approx. 400 pp Approx. $7.50 Interscience Pub- 
lishers, Inc. (#466) 

SHORTLEY, GerorGE and DupLEy. Elements of Phys- 
ics. 2nd Edition 1955 880 pp $8.75 Prentice-Hall, Inc. 


(#467) 


MATHEMATICS 


ANDERSON, H. V. and Lona, J. S._ Chemical Calculations. 6th 
Edition 1955 305 pp $4. 75 McGraw-Hill. (#468) 
BENNETT, C. A. and Franxkuin, N. L. Statistical Analysis of 
Chemistry and the Chemical Industry. 1954 724 pp $8.50 
John Wiley & Sons, Inc. #469) 
Burineton, Ricuarp S. and May, Donatp C. Handbook of 
Probability and Statistics with Tables. 1953 332 pp $4.50 
Handbook Publishers, Inc. (#470) 
Kuster, F. W., am’ A. and Fiscuspeck, K. Logarithmische 
Rechentafeln. 68.-73. Aufl. 1956 XV 302 S. und eine 
Anhangtafel DM $16.80 = $4.00 Walter de Gruyter & Co. 
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Kyncu, G. J. Mathematics for the Chemist: 

Analysis for Chemists, Physicists, and Chemical Engineers. 
1955 356 4 $4.80 Academic Press, Inc. 

MarGeNAU, Henry and Murpuy, Greorce MOsELeY. 
Mathematics of Physics and Chemistry. 2nd Edition 1956 
604 pp College Edition $6.85 Reference Edition $7.95 
D. Van Nostrand Co., Inc. 7. 

Pace, Cuester H. 


Nostrand Co., Inc. ( 
Situ, Lioyp P. Mathematical Methods for Scientists and En- 

gineers. 1953 454pp $10.00 Prentice-Hall,Inc. (#475) 
YouvEN, W. J. Statistical Methods for Chemists. 1951 126 pp 

$3.50 John Wiley & Sons, Inc. (#476) 


NUCLEAR SCIENCE 


BLEvuLER, Ernest and GoupsmitH, GEorGE J. Experimental 
Nucleonics. 1952 393 pp $6.50 Rinehart & Co. " sent) 
BrapFrorD, JOHN R. Radioisotopes in Industry. 1953 315 pp 
$8.00 Reinhold Publishing Corp. (#478) 
Carvin, M., HeEIDLEBERGER, C., Rein, J. C., Totpert, B. M. 
and YANKWICH, P.E. Isotopic Carbon. 1949 376 pp $8.50 
John Wiley & Sons, Inc. 
Comar, C. L. Radvoisotopes in Biology and Agriculture. 
481 pp $9.00 McGraw-Hill. (#480) 
FRIEDLANDER, G. and KENnNeEpy, J. Nuclear and Radio-chem- 
istry. 1955 468 pp $7.50 John Wiley & Sons, Inc. (#481) 
GuasstongE, 8. Principles of Nuclear Reactor Engineering. 
1955 861 pp $7.95 D. Van Nostrand Co., Inc. ($482) 
GLASSTONE, Sourcebook on Atomic Energy. 1950 562 pp 
$3.75 D. Van Nostrand Co., Inc. (#483) 


(#484) 
| D. H. and Drenes, G. J. Nuclear Fuels. (The 
Geneva Series on the Peaceful Uses of Atomic Energy.) 
1956 350 pp $6.25 Reference Edition $7.50 
D. Van Nostrand Co., (#485) 
Hausner, H. H. and’ ie S. B. Materials for Nuclear 
Power Reactors. (Reinhold Pilot Book No. 7). 1955 240 pp 
$3.50 Reinhold Publishing Corp. (#486) 
Kap.an, Irvine. Nuclear Physics. 1955 609 pp $8.50 Ad- 
dison-Wesley Publishing Co., Inc. (#487) 
Kays, Wiiuram M. and Lonvon, A. L. Com 
changers. 1955 156 pp $5.00 The National Press. 
Lapp, E. and ANprREws, Howarp L. Nuclear Radiation 
— 2nd Edition 1954 532 pp $6.75 emer? 
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Mayer, M. G. and Jensen, J. H. Elementary Theory of Nuclear 
— "Structure. 1955 269 pp $7.75 John Wiley & Sons, 


(#490) 

Mc Cus, J.J.G. The World of Atoms—A Textbook of Atomic 
Science. 1956 700 pe $6.50 Ronald Press Co. 

Murray, RayMonp. roduction to Nuclear Engineering 
418 pp $7.50 Prentice-Hall, Inc. 

NININGER, RoBert D. Exploration for Nuclear Raw Materials. 
(The Geneva Series on the Peaceful Uses of Atomic Energy ) 
1956 782pp College Edition $6.25 Reference ane $7. = 
D. Van Nostrand Co., Inc. (#493 

NININGER, ROBERT Minerals for Atomic Ener "gy. 2n 
Edition 1956 400 pp $8.00 D. Van Nostrand Co., Inc. 
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7—=NEW ACADEMIC PRESS PUBLICATIONS 
| ION EXCHANGE TECHNOLOGY 


Edited by F. C. Nacuop, Slerling-Winthrop Research Institute, Rensselaer, New York 
| and Jack ScHuBErtT, Argonne National Laboratory, Lemont, Iilinois 
1956, 660 pp., illus., $15.00 

This book presents an authoritative discussion of the fundamental problems, techniques, and 
operations of ion exchange and also describes inherent complexities encountered in the setting 
up of an ion exchange process. Jon Exchange Technology*will not only prove to be a source 
of ready reference to technologists and engineers, but it will also provide them with a thorough 
evaluation of those applications which promise to be adopted for plant practice in the near future. 


RADIATION DOSIMETRY 


Edited by Gerap J. H1ne, Velerans Administration Hospital, Boston 
and Gorpon L. BRownELL, Massachusetts General Hospital, Boston 
1956, 932 pp., illus., $22.00 


This new work is a cohesive textbook dealing with all aspects of radiation dosimetry and not a 
mere collection of specialized papers on various subjects related to dosimetry. Basic theoretical 
aspects are fully discussed, and a wealth of valuable, practical information is given in many 
tables and graphs. The three main sections of the volume are: 

Fundamental Principles of Dosimetry 

Radiation Detectors and their Calibration 

Radiation Fields and their Dosimetry 


ULTRAVIOLET AND VISIBLE ABSORPTION 
SPECTRA Index for 1930-1954 


By Hersert M. Hersuenson, Uniled Aircraft Corporation, East Hartford, Connecticul 
1956, 205 pp., 844 x 11”, $10.00 
This book provides an index to the location of ultraviolet and visible absorption spectra of 
chemical compounds published in twenty-seven representative American and European journals 
during the twenty-five year period from 1930 to 1954 inclusive. This work will greatly simplify 
the problems of locating spectra and will in many instances eliminate the necessity of obtaining 
a pure specimen of a compound in order to determine its absorption characteristics. 


SYNTHETIC POLYPEPTIDES: 
PREPARATION, STRUCTURE, AND PROPERTIES 


By C. H. Bamrorp, A. Extiort, and W. E. Hansy, Courtaulds Lid., Research Laboratory, 
Berkshire, England 


October 1956, about 450 pp., illus., approx. $10.00 


PHYSICAL METHODS IN CHEMICAL ANALYSIS 


Edited by WauTER G. Bert, Johns Hopkins University, Silver Springs, Maryland 
VOLUME III, October 1956, about 680 pp., illus., approx. $14.00 


RHEOLOGY: THEORY AND APPLICATIONS 


Edited by F. R. Erricn, Polylechnic Institute of Brooklyn 
VOLUME I, Septe:.. er 1956, about 750 pp., illus., approx. $18.00 


Special leaflets available upon request 


ACADEMIC PRESS INC., Publishers 


111 Fifth Avenue, New York 3, New York 
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Sacks, J. Isotopic Tracers in Biochemistry and Phweiaiegy. 
1953 383pp $8.50 McGraw-Hill. ( 
Seapore, G. T. and Karz, J.J. The Actinide Elements. Part. 1 
1954 870 pp $11.75 "McGraw-Hill. (#497) 
Seasore, G. T., Katz J. J. and Mannine, W.M. The Trans- 
uranium El R ch Papers. (Two parts—not sold 
separately ) 1950 1778 pp $23.75 McGraw-Hill. 
(#498-499 ) 
STEPHENSON, R. Introduction to Nuclear Engineering. 
387 pp $8.00 McGraw-Hill. ( 
Touansky, Introduction to Atomic Physics. 
Edition 1956 435pp $5.00 Longmans. (#501) 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1958. 
Volume I—The World’s Requirements for Energy: Role of 
Nuclear Power. 1956 479 pp $8.00 Columbia University 
Press. (#502 ) 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1955. 
Volume II—Physics, Research Reactors. 1956 479 pp 
$8.00 Columbia University Press. (#503) 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
Volume {iII—Power Reactors. 1955 389 pp $7.50 Co- 
lumbia University Press. (#504) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
Volume I[V—Cross-Sections Important to Reactor Design. 
1956 357 pp $7.50 Columbia University Press. (#505) 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
Volume V—Physics of Reactor Design. 1956 pp 545 
$9.00 Columbia University Press. (#506) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1958. 
Volume VI—Geology of Uranium and Thorium. 1956 825 
pp $9.00 Columbia University Press. (#507) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
Volume VII—Nuclear Chemistry and the Effects of Irradia- 


tion. 1956 691 pp $10.00 Culumbia University (aoe) 
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Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 


ceedings of the International Conference in Geneva, August 19565. 
Volume VIII—Production Technology of the Materials used for 
Nuclear Energy. 1956 627 pp $10.00 Columbia Uni- 
versity Press. (#509) 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
IX—Reactor Technology and Chemical Processing. 1956 
771 pp $10.00 Columbia University Press. (#510) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1955. 
Volume X—Radioactive Isotopes and Nuclear Radiations in 
Medicine. 1956 544pp $8.00 Columbia eee. 
#511 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1955. 
Volume XI—Biological Effects of Radiation. 1956 402 pp 
$8.00 Columbia University Press. (#512) 
Unitep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the Internationa! Conference in Geneva, August 1958. 
Volume XII—Radioactive Isotopes and Ionizing Radiations 
in Agriculture, Physiology and Biochemistry. 1956 553 pp 
$9.00 Columbia University Press. (#513) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
Volume XIII—Legal, Administrative, Health and Safety 
Aspects of Large Scale Use of Nuclear Energy. 1956 393 pp 
$7.00 Columbia University Press. (#514) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the Internation Conference in Geneva, August 1955. 
Volume XIV—General Aspects of the Use of Radioactive 
Isotopes: Dosimetry. 1956 305 pp $6.50 Columbia Uni- 
versity Press. (#515) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pro- 
ceedings of the International Conference in Geneva, August 1956. 
Volume XV—Applications of Radioactive Isotopes and Fission 
Products in Research and Industry. 1956 327 pp $7.50 
Columbia University Press. (#516) 
Unirep Nations. Peaceful Uses of Atomic Energy: Pre- 
ceedings of the International Conference in Geneva, August 19565. 
Volume XVI—Record of the Conference. 1956 203 pp 
$5.00 Columbia University Press. (#517) 
Want, A. C. and Bonner, N. A. Radioactivity Applied to 
Chemistry. 1951 604 pp $9.50 John Wiley & = ia 
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Bapcer, W. L. and Bancuero, J. T. Introduction to Chemical 


Engineering. 1955 753pp $9.50 McGraw-Hill. (#519) 
Boswortn, R.C. L. Transport in Applied Chemistry. 
?pp $(?) John Wiley & Sons, I (#520) 
CappELL, J. R. Fluid Flow in Practice. 1956 125 pp $3.00 
Reinhold Publishing Corp. (#521) 
Cuu, Ju Cun. Distillation Equilibrium Data. 1950 312 pp 
$6. 00 Reinhold Publishing Corp. (#522) 


Davis, Date S. Nomography and Empirical Equations. 1955 
242 pp $6.75 Reinhold Publishing Corp. (#523) 
DreisBacH, Rosert R. P-V-7 Relationships of Organic 
Compounds. 3rd Edition 1952 315 pp $10.00 Handbook 
Publishers, Inc. (#524) 
Drew, T. B. and Hoopss, Jr., J. W., Editors. Advances 
in Chemical Engineering. 1956 448 pp $10.00 Academic 
Press, Inc. (#525) 
Harper, JAMES I. Chemical Engineering in Practice. 1954 
140 pp $3.00 Reinhold Publishing Corp. (#526) 
InpusTRIAL & ENGINEERING CHEMIsTRY, Editors. Modern 
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KAMMERMEYER, Karu and OssBuRN, JAMES. Process Calcula- 
tions. 1956 188pp $4.00 Prentice-Hall, Inc. (#531) 


Kowa ke, Otto L. Fundamentals in Chemical Process Calcula- 
tions. 1947 158pp $3.40 Macmillan. (#532) 
MALLETTE, FREDERICK S. Problems and Control of Air Pollution. 


1955 280pp $7.50 Reinhold Publishing Corp. (#533) 
MaxweELL, J. B. Data Book on Hydrocarbons. 1950 270 pp 
$6.00 D. Van Nostrand Co., Inc. (#534) 
NIELSEN, Charles H. Distillation in Practice. 1956 150 pp 
$3.00 Reinhold Publishing Corp. (#535) 


NorpDELL, Esker. Water Treatment for Industrial and Other 


Uses. 1951 525 pp $12.00 Reinhold Publishing Corp. 
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DonatpF. Fluidization. 1956 240pp $7.00 Rein- 
hold Publishing Corp. (#537) 
Perry, J. H. Chemical Business Handbook. 1954 1335 pp 
$17.00 McGraw-Hill. (#538) 


Perry, J. H. Chemical Engineers Handbook. 3rd Edition 
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Rupotrs, Industrial Wastes’ Their Treatment and 
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Reinhold Publishing Corp. (#541) 

Stearns, Rew F., et al. Flow Measurement with Orifice Meters. 
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TreyBAL, R. E. Mass-Transfer Operations. 1955 ? pp 
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$6.75 Reinhold Publishing Corp. 

Cartson, ALBERT S. Economic Ma- 

terials. 1956 540 pp $12.50 old Publishing 

1 


1955 300 pp 
550) 


JOURNAL OF CHEMICAL EDUCATION, SEPTEMBER, 1956 


Ple 


‘ 
As 
tag 
: 
Se: 
| 


NEW REPRINTS 


Now Available 


American Chemical Society, Journal 
Volumes 26-27, 1904-1905 


Til Fifth Avenue, New York 3, New York 


Single volumes, paper bound (about 1,600 pp. per vol.) $35.00 each 
American Mathematical Monthly 

Volumes 1-20, 1894-1913 

Cloth bound set $275.00 

Paper bound set 245.00 

Single volumes, paper bound 

Volumes 1-9 15.00 each 

Volumes 10-20 10.00 each 
Biochimica et Biophysica Acta 

Volume 4, 1950, paper bound $20.00 

Volume 7, 1951, paper bound 20.00 

Volume 8, 1952, paper bound 20.00 
Chemical Reviews 

Volumes 46-49, 1950-1951 

Single volumes, paper bound $17.50 each 
Journal of Organic Chemistry 

Volume 15, 1950, paper bound (1,327 pp.) $25.00 

Volume 16, 1951, paper bound (1,961 pp.) 35.00 
Journal of Physical Chemistry 

Volumes 31-33, 1927-1929 (about 2,000 pp. per vol.) 

Single volumes, paper bound $40.00 each 

Volumes 34-36, 1930-1932 (about 3,000 pp. per_vol.) 

Single volumes, paper bound 50.00 each 

Volume 53, 1949, paper bound 30.00 
Nucleonics 

Volumes 1-9, 1947-1951 

Cloth bound set $155.00 

Single volumes, paper bound 15.00 each 
Zeitschrift fir Kristallographie 

Volume 106, Number 1, paper bound $4.76 

In Production 

Journal of Biological Chemistry 

Volumes 1-25, 1905-1916 

Cloth bound set approx. $425.00 

Paper bound set approx. 375.00 

Single volumes, paper bound approx. 15.00 each 
Helvetica Chimica Acta 

Volumes 17-20, 1934-1937 approx. $30.00 each 
Journal of Chemical Physics 

Volumes 2-5, 1934-1937 

Vol. 6, Number 7, July 1938 
Nucleonics 

Volume 10, 1952, paper bound approx. $20.00 
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1956 208 pp $3.00 Reinhold Publishing Corp. (#552) 
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Curme, Georce O., and JoHNSTON, FRANKLIN. Glycols 
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and Powder. 3rd Edition 1955 228 pp $4.50 Reinhold 
Publishing Corp. (#559) 
Fierr, L. H., and GarpNer, W. H. Maleic Anhydride Deriva- 
tives. 1952 269 pp $8.00 John Wiley & Sons, Inc. 
(#560) 
Futpa, W., and GinsBerG, H. Tonerde und Aluminium. Teil 
I Die Tonerde. 1. Aufl. 1951 227 S. 56 Abb. 66 Tab. 
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Fuupa, W., and GinsBerG, H. Tonerde und Aluminium. Teil 2 
Das Aluminium. 1. Aufl. 1953 XII, 358 S. 264 Abb. 
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Grogains, P. H. Unit Processes. in Organic Syntheses. 
Edition 1952 899 pp $12.50 McGraw-Hill. 
GuE icu, JosEPpH. Chemical Safety Supervision. 
$4.50 Reinhold Publishing Corp. 
GuenTHER, Ernest. J'he Essential Oils. Volume I 1948 
458 pp $8.00 D. Van Nostrand Co., Ine. (#567) 
GUENTHER, ERNEstT, and ALTHAUSEN, DARRELL. The Essential 
Oils. Volume II 1949 868 pp $12.50 D. Van Nostrand 
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GuENTHER, Ernest. The Essential Oils. Volume III 1949 
805 pp $12.50 D. Van Nostrand Co., Ine. (#56 
GuENTHER, Ernest. The Essential Owls. Volume IV 
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GUENTHER, Ernest. The Essential Oile. Volume V 
550 pp $12.50 D. Van Nostrand Co., Inc. #57 
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544 pp $12.50 D. Van Nostrand Co., Inc. 
Gustavson, K. H. The Chemistry of Tanning Processes. 
403 pp $9.00 Academic Press, Inc. (#573) 
HaMERSLAG, FRANK E. The Technology and Chemistry of 
Alkaloids. 1950 384 pp $8.00 D. Van Nostrand 
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Harry, Rate G. Cosmetics—Their Principles and Practices. 
1956 786 pp $17.00 Chemical Publishing Co., Inc. (#575) 
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D. Van Nostrand Co., Ine. (#576) 
HouzrorscuunG. Mitteilungen zur Chemie, Physik, Biologie u. 
Technologie des Holzes under der pflanzlichen Faserrohstoffe. 
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Bases. 1955 368 pp $9.00 Chemical Publishing ~— Inc. 
#581) 
MELLAN, IBerT. IJndustrial Solvents. 2nd Edition 1950 764 
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Reinhold Publishing Corp. (#604) 
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ZuipemAa, H. H. Performance of Lubricating Oils. (ACS 
Monograph No. 113) 1952 250 pp $5.00 Reinhold Pub- 
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ndispensable ___ 
for the teacher 
for the chemist | 
for the graduate student 


THE JOURNAL OF CHEMICAL EDU- 
CATION is a continuing university for 
the teacher and for the chemist in in- 
dustry. It is an open forum for the 
exchange of ideas and experiences the 
value of which is apparent to chemists 
in industry as well as to all chemistry 
teachers. 


Solutions to problems, improvements in 
technique and practice, new theories 
and ideas become common knowledge 
for the benefit and guidance of all. 


While the JOURNAL is the chemistry 
teachers’ own periodical its editorial 
columns are open and of interest to the 
industrial or research chemist also. 


Not only does the JOURNAL feature 
articles pertaining to education and 
educational practices, such as teaching 
methods, educational studies and statis- 
tics, but... . it carries original papers 
from prominent educational and re- 
search chemists as well. 


Its articles on new and revised labora- 
tory procedure and technique, and on 
the construction of laboratory appara- 
tus, are of value to all chemists. 


Other articles in the JOURNAL, which 
are most often referred to by commenta- 
tors, are its reviews of industrial proc- 
esses and practices, and its historical 
and biographical sketches. Abstracts, 
book reviews and extended discussions 
of subjects impossible to include in 
textbooks are regular features. 


These articles are clear, concise and 
authoritative. They are varied in topic 
and sufficiently non-technical to be of 
general value. They form a living text- 
book of chemistry—an invaluable 
source of material not to be found in 
reference volumes, or elsewhere. 


Thousands of chemists and chemistry 
teachers use the JOURNAL in their own 
special way to meet their own special 
problems, and it is readily adaptable to 
a multitude of such uses. You too, 
will find the JOURNAL helpful, in- 
formative ... . and highly readable. 
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year years years 
Domestic..... $3.50 $6.00 $ 8.50 
Canada...... 4.00 7.00 10.00 
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for Fall classes 


COLLEGE CHEMISTRY 


Andrew J. Scarlett, Dartmouth College 


A thoroughly modern basic text designed for 
use with students who have had little or no 
previous training in chemistry. Combining 
teaching facility with ease of study, here is a 
work that provides the solid foundation neces- 
sary for an understanding of basic chemical 
concepts. (Laboratory Manual available.) 
1956 499 pp. 
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GENERAL CHEMISTRY, Rev. Ed. 

P. W. Selwood 1954 
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GENERAL COLLEGE CHEMISTRY, 5th Ed. 
Scarlett and Gomez-Ibanez 1954 


Henry Holt and Company 
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H., Proskauer, E. S., and Fritetrre, V. J., Editors. 


Resins-Rubbers-Plastics Yearbook 1955. 1956 1148 pp 
$35.00 Interscience Publishers, Inc. (#617) 
Martin, R. W. The Chemistry of Phenolic Resins. 1956 298 
pp $9.50 John Wiley & Sons, Inc. (#618) 


Mason, J. and Mannina, JoserH F. Technology of 
Plastics and Resins. 1945 494 PR College Edition $6.50 
Reference Edition $7.50 D. Van Nostrand Co., Inc. (#619) 

Rarr, R. A. V., and Auutson, J. B. Polyethylene. High Poly- 
mers, Volume XI 1956 Approx. 600 pp Approx. $15.00 


Interscience Publishers, Inc. (#620) 
Epwarpv H. Monomeric Actylic Esters. 1954 230 pp 
$5.00 Reinhold Publishing Corp. (#621) 


Ritey, Matcoitm W. Plastics Tooling. (Reinhold Pilot Book 
No. 6) 1955 133 pp $2.50 Reinhold Publishing on 
#6. 
Scu1tpKNEcuTt, C. E. Polymer Processes. High Polymers, 
Volume X 1956 934 pp $19.50 Interscience (#623) 
Seymour, Raymonp B. lastics for Corrosion-Resistant Ap- 
plications. 1955 449 pp $7.50 Reinhold Publishing Corp. 
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Srmonps, HERBERT R. Extrusion of Plastics, Rubber and Metals. 
1952 470 pp $10.00 Reinhold Publishing Corp. (#625) 

Srmonps, HERBERT R., WerTH, ARCHIE J., and BicELow, H. M. 
Handbook of Plastics. 2nd Edition 1949 1511 pp $25.00 
D. Van Nostrand Co., Inc. (#626) 

Society oF THE PLastics Inpustry. Plastics Engineering Hand- 
book. 1954 850 pp $15.00 Reinhold Publishing Corp. 


#6. 
SonNEBORN, Raupu. Fiberglas Reinforced Plastics. 1954 252 


pp %4.50 Reinhold Publishing Corp. (#628) 
TEXTILES 

ALEXANDER, P. Wool: Its Chemistry and Physics. 1954 416 

pp $10.00 Reinhold Publishing Corp. (#629) 

BELL, J. W. Practical Teztile Chemistry. 1956 259 pp $4.75 

Chemical Publishing Co., Inc. 630 

Harris, Mitton, and Mark, H., Fditors. Natural and Synthetic 


Fibers Yearbook 1955. 1956 956 pp $45.00 Interscience 
Publishers, Inc. (#631) 
Hartsucn, B. E. Introduction to Textile Chemistry. 1950 
413 pp $5.50 John Wiley & Sons, Inc. (#632) 
Hartsucn, B. E. Textile Chemistry in the Laboratory. 1950 
75 pp $2.90 John Wiley & Sons, Inc. (#633) 
KasweE.., Ernest R. Textile Fibers, Yarns and Fabrics: A 
Comparative Survey of Their Behavior with Special Reference to 
Wool. 1953 568 pp $11.00 Reinhold (#634) 
Mattuews, L. M., and MaverssperGer, H. R. Textile Fibers: 
Their Physical, Microscopical, and Chemical Properties. 6th 
Edition 1954 1283 pp $17.50 John Wiley & Sons, Inc. 


(#635 ) 

Moncrierr, E. W. Artificial Fibers. 2nd Edition 1954 455 

pp $6.00 John Wiley & Sons, Inc. #63 
Sru, Ratpw G. H. Microbial Decomposition of Cellulose. 

538 pp $12.00 Reinhold Publishing Corp. (#637) 


Speet, Henry C. Textile Chemicals and Auriliaries. 1952 

505 pp $12.00 Reinhold Publishing Corp. 638 ) 

VickerstTaFF, THoMas. The Physical Chemistry of Dyeing. 2nd 

Edition Revised and 1954 522pp $7.50 Inter- 

terscience Publishers, Inc. (#639) 
PETROLEUM 


Brooks, Bensamin T. The Chemistry of Petroleum Hydrocar- 
bons. Volume I 1954 672 pp $18.00 Reinhold Pub- 
lishing Corp. (#640) 

Brooks, BENJAMIN F.  T'he Chemistry of Petroleum Hydrocarbons. 
Volume II 1955 456 pp $13.50 Reinhold Publishing 
Corp. (#641) 

Brooks, BenyaMin T. The Chemistry of Petroleum Hydrocar- 

Volume III 1955 700 pp $18.00 Reinhold Pub- 
lishing Corp. (#642) 

KALICHEVskKY, VLADIMIR A., and Kose, KENNETH A. Petroleum 
Refining with Chemicals. 1956 Approx. 700 pp $14.50 
D. Van Nostrand Co., Inc. (#643) 

Rossin1, Frepertck D. Hydrocarbons from Petroleum. (ACS 
Monograph No. 121) 1953 584 pp $18.50 Reinhold Pub- 
lishing Corp. (#644) 

Srarr, Industrial & Engineering Chemistry, Editors. Agricul- 
tural Applications of Petroleum Products. (Advances in Chem- 
istry Series No.7) 1952 104pp $1.50 American Chemical 
Society. (#645) 

Starr, Industrial & Engineering Editors. Progress in 
Petroleum Technology. (Advances in Chemistry Series No. 5) 
1951 393 pp $4.00 American Chemical Society. (#646) 
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StanpinG, M. B. Volumetric and Phase Behavior of Oil Field 
Hydrocarbon Systems. 1952 125 pp $10.00 Reinhold Pub- 


lishing Corp. (#647) 
Uren, L. C. Petroleum Production Engineering—Oil Field De- 
ent. 4th Edition 1956 ? pp $12.00 
ill. 8 
Uren, L. C. Petroleum Production Engineering—Oil Field 
Exploitation. 3rd Edition. 1953 764 pp $11.00 Mc- 
Graw-Hill. (#649) 
Uren, L. C. Petroleum Production Engineering—Petroleum 
Production Economics. 1950 639 pp $8.50 aes 
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METALLURGY 


E.P. Defects and Failurescf Metals. 1956 Approx. 
500 pp Probably $9.50 D. Van Nostrand Co., Inc. (#651) 
ABKOWITZ, STANLEY; BurRKE, JOHN J., and H., 
Jr. Titanium in Industry. 1955 224 pp $5.00 D. Van 
Nostrand Co., Inc. (#652) 
Ciark, Donan S., and Varney, WiLtBuR R. Physical Metal- 
lurgy for Engineers. 1952 567 pp $6.50 D. Van Nostrand 
Ine. (4653) 
Upy, Marvin J. Chromium. In two volumes (ACS Mono- 
graph No. 132) Volume I 1956 408 pp $11.00 Rein- 
hold Publishing Corp. (#654) 
Upy, Marvin J. Chromium. Volume II (ACS Monograph 
No. 132) 1956 408 pp $11.00 Combination price for both 
volumes: $19.50 Reinhold Publishing Corp. (#655) 
Sirtic, MarsHauty. Sodium: Its Manufacture, Properties and 
Uses. (ACS Monograph No. 133) 1956 528 pp $12.50 
Reinhold Publishing Corp. (#656) 
Li, K. C., and Wane, Yu Cuune. Tungsten. 3rd Edition 
(ACS Monograph No. 130) 1955 536 pp $14.00 Rein- 
hold Publishing Corp. (#657) 
Hoyt, 8S. L. Metal Data. 2nd Edition 1952 535 pp $12.00 
Reinhold Publishing Corp. (#658) 
HeEnperson, J. G., and Bates, B.S. Metallurgical Dictionary. 
1953 408 pp $8.50 Reinhold Publishing Corp. (#659) 
GRAHAM, KENNETH. Electroplating Engineering Handbook. 
1955 670 pp $10.00 Reinhold Publishing Corp. (#660) 
GREATHOUSE, A., and WEssEL, Cart J. Deterioration of 
Materials: Causes and Preventive Techniques. 
$12.00 Reinhold Publishing Corp. 
HampE., Cuirrorp A. Rare Metals Handbook. 
$12.00 Reinhold Publishing 2) 
Epstern, Adhesive Bonding of Metals. (Reinhold 
Pilot Book No. 2) 1954 227 pp $2.95 Reinhold Publish- 
ing Corp. ( #663) 
EveRHART, JOHN L. Titanium and Titanium Alloys. (Rein- 
hold Pilot Book No. 1) 1954 189 pp $2.95 Reinhold 
Publishing Corp. (#664) 
Burns, R. M., and Braptey, W. W. Protective Coatings for 
Metals. (ACS Monograph No. 129) 2nd Edition 1955 
657 pp $12.00 Reinhold Publishing Corp. (#665) 
Butts, ALtuison. Copper: The Science and Technology of the 
Metal, Its Alloys and Compounds. (ACS Monography No. 
122) 1954 950 pp $20.00 Reinhold Publishing Co 
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Keyser, Cart A. Basic Engineering Metallurgy. 
pp $6.75 Prentice-Hall, Inc. 

Smitu, Morton C. Alloy Series in Physical Metallurgy. 
338 pp $6.00 Harper & Brothers. 

Situ, C. Principles of Physical Metallurgy. 
417 pp $6.00 Harper & Brothers. ( 
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Bear, Firman E. Chemistry of the Soil. (ACS Monograph No. 
126) 1955 384 pp $8.75 Reinhold Publishing Come ne) 
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BRAUTLECHT, CHARLES A. Starch: Its Sources, Production and 


Uses. 1953 408 pp $12.00 Reinhold Publishing Coreen) 
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De Ona, E. R. Chemistry and Uses of Pesticides. 2nd Edition 
1956 360 pp $8.75 Reinhold Publishing i (#672) 
Dutcuer, R. A., JENSEN, C. O., and AtHousg, P. M. Jntroduc- 
tion to Agricultural Biochemistry. 1951 502pp $6.00 John 
Wiley & Sons, Inc. (#673) 


Frear, Donatp E. H. Agricultural Chemistry. Volume I— 
Principles. 1950 902 pp $12.00 Set $19.50 D. Van 
Nostrand Co., Inc. (#674) 

Frear, Donatp E. H. Agricultural Chemistry. Volume Il— 
Practical Applications 1951 588 pp $12.00 Set $19.50 


D. Van Nostrand Co., Inc. (#675) 
Frear, Donatp E. H. Chemistry of the Pesticides. 3rd Edition 
1955 469 pp $9.00 D. Van Nostrand Co., Inc. (#676) 
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GunTuER, Francis A., and Buinn, Roger C. Analysis of In- 
secticides and Acaracides. Chemical Analysis, Volume VII 
1955 706 BP $14.00 Interscience Publishers, Inc. (#677) 

Alkali Soils. (ACS Monograph No. 111) 1951 
168 pp $5.50 Reinhold Publishing Corp. 6 

Kitterrer, D. H. Two Ears of Corn, Two 
1955 139 PP. $4.00 D. Van Nostrand Co., Inc. 

Levitt, J. Hardiness of Plants. Volume VI—Agronomy 
Monograph 1956 285 pp $7.00 Academic Press, Inc. 
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Mc Ginnis, R. A. Beet-Sugar Technology. 1951 550 pp 
$14.00 Reinhold Publishing Corp. 681 
Metcatr, R. L. 
Mode of Action. 
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570 pp $9.50 Reinhold Publishing Corp. #683 
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13) 1955 102 pp $2.50 American Chemical Society. 
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Phosphatic Fertilizers. 2nd Edition (ACS amg , tong No. 
34) 1952 683 pp $15.00 Reinhold Publishing or ' 
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ALBRITTON, Erretr C. Standard Values in Blood. 
pp $4.50 W. B. Saunders Co. . (#686) 

Anperson, A. K. Essentials of Physiological Chemistry. 4th 
Edition 1953 480 pp $5.50 John Wiley ( #687) 

ANDERSON, A. K., and G. H. Laboratory Experiments 
in Physiological Chemistry. 2nd Edition 1954 179 pp 
$2.90 John Wiley & Sons, Inc. 

Anson, M. L., Barney, K., and Epsauu, J.T., Editor. Advances 
in Protein Chemistry. Volume X 1955 425 pp $9.00 
Academic Press, Inc. (#689 ) 

Batu, E. Biochemical Preparations. VolumeII 1952 109 pp 
$3.50 John Wiley & Sons, Inc. (#690) 

GeorGce H., Davipson, J. NorMAN, -.and SCARBOROUGH; 
Harotp. Textbook of Physiology and Biochemistry. 2nd 
Edition 1953 1024 pp $10.00 The Williams & Wilkins 
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Boyp, Wixu1am C. Fundamentals of Immunology. 3rd Edition 
1956 Approx. 730 pp Approx. $10.00 Interscience Pub- 
lishers, Inc. (#692) 

Buttock, Freperick N. Techniques in Clinical Chemistry. 
1954 180 pp $4.00 The Williams & Wilkins Co. (#693) 

CantTarow, ABRAHAM, and ScHEPARTZ, BERNARD. Biochemistry. 
1954 848 pp $11.00 W. B. Saunders Co. ( #694) 

CanTarRow, ABRAHAM, and TRUMPER, Max. Clinical Biochem- 
istry. 5th Edition 1955 738 pp $9.00 W. B. Saunders 
Co. (#695) 
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pp $3.50 John Wiley & Sons, Inc. #696) 

Cotowick, 8S. P., and Kapian, N. O., Editors. Methods in 
Enzymology. Volume I 1955 835 pp $19.00 Academic 
Press, Inc. (#697) 

Cotowick, 8. P., and Kaptan, N. O. Methods in Enzymology. 
Volume II 1955 987 pp $23.80 Academic Press, Inc. 
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Dorran, R. I., and Surptey, R. A. Androgens. 
$13.50 John Wiley & Sons, Inc. (#699) 
Downes, Heten R. The Chemistry of Living Cells. 1955 549 
pp $7.50 Harper & Brothers. (#700) 
Fister, Harotp J. The Manual of Standardized Procedures for 
Spectrophotometric Chemistry. 1950 728 pp $30.00 Stand- 
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$2.75 Macmillan. (#709) 
Hannan, R. 8. Research on the Science and Technology of Food 
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Vitamins and Hormones: Advances in Research and Applica- 
tions. Volume XIV 1956 Approx.440 pp $(?) Academic 
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1954 681 pp $12.00 The Year Book Publishers, 
# 
A. Radiation Biology. Volume I: High Energy 
Radiations (In two parts—not sold separately) 1954 1265 
pp $17.50 McGraw-Hill. (#717) 
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3 Important College 
Chemisty Texts 
TEXTBOOK OF CHEMISTRY 


SECOND EDITION 
Mack Garrett Haskins Verhoek 


Up to date, and systematically organized to 
stress the scientific method of approach—from 
specific to general and experiment to theory— 
this widely known text is more than ever effective. 
Includes new material on radioactivity and its 
effect on human life, fuels and power, atomic and 
solar energy sources. Many new drawings and 
photographs supplement the text. 


Introduction to the 
SCIENCE OF CHEMISTRY 
Mysels Copeland 


A beginners’ text in which the sequence of 
topics has been reorganized to present a co- 
herent view of the structure and behavior of mat- 
ter in logical fashion. Many diagrams. 


SEMIMICRO QUALITATIVE 
ANALYSIS 


REVISED EDITION 
Evans + Garrett « Sisler 


Noted for its clear and well-organized pres- 
entation—an excellent text for use as an integral 
part of a course in general chemistry. 


Home Office: Boston 


Ginn and Company 


Sales Offices: New York 11 « Chicago 6 
Atlanta 3 e Dallas 1 « Columbus 16 
San Francisco 3 e Toronto 7 


BOOKS... 


Essentials of 
Quantitative Analysis 
An Introduction to the Basic Unit Operations 


A. A. Benedetti-Pichler, Queens College. A textbook and 
laboratory manual for students and a reference on techniques 
and stan of performance for practicing analysts. Con- 
centrating on principles and practical procedures applicable to 
both organic and oy weer analysis, book presents specific 
numerical data on the degree of precision of many unit opera- 
tions, and supplies equations by which limits of error can be 
calculated for almost any quantitative operation. It empha- 
sizes oe techniques, use of equipment, and compre- 
hension of unit operations, showing how seemingly compli- 
cated procedures break down into a series of simple operations. 
Numerous tables—many containing important, new data— 


are included in a separate reference section. 
138 ills., tables; 666 pp. 


The World of Atoms 


An Introduction to Physical Science 


J. J. G. McCue, P yd Smith College; with the assist- 
ance of Kenneth W. Sherk, Smith College. This popular 
college textbook introduces students to both scientific method 
and physical science. It focuses on atomic science as a co- 
herent branch of study—including chemistry and physics— 
and it describes the chain of experiments and concepts that 
underlie present theories. Book is organized around four 
fundamental questions: Why do we believe there are aloms? 
What do we know of their structure? What do we know of how 
they combine to form molecules? What do we know about the 
nucleus? Each concept is explained with a demonstrable ex- 
periment insuring an inductive teaching approach. Simple 
mathematics, based on the principle of proportionality alone, is 
used throughout. Many carefully graded problems. 

284 ills., tables; 659 pp. 


The Evolution of Chemistry 
A History of Its Ideas, Methods, and Materials 


Eduard Farber. Written by a world-renowned scientist, 
this absorbing book tells the story of chemical investigation 
from its earliest beginnings to latest discoveries. It provides 
a — understanding of the concepts and methods of chem- 
istry by integrating its evolution with the progress made in 
other sciences. Shows how the development of theories and 
the use of experiments have led to our knowledge of the nature 
of atoms, molecular structure, and chemical reactions. Book 
is enriched with biographical sketches from the writings of the 
world’s leading chemists. ‘‘A well-balanced, scholarly work.” 
Journal of the Franklin Institute. 

30 ills.; 349 pp. 


Rudiments of Chemistry 


Roland M. Whittaker, Queens College. For college students 
taking a short course in chemistry or for non-majors who wis! 

to learn the role of chemistry in modern life. In a clear, in- 
teresting style, book presents those theories that chemists use 
in explaining the nature, properties, and behavior of matter 
in its several forms. Covers: symbols, formulas, nucleonics, 
electrons, ionization, electrolytes, chemical equilibrium, 


molecular and atomic weights, etc. 
81 ills., tables; 310 pp. 
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UNDERKOFLER, L. A., and Hickey, R. J. Industrial Fermenta- 
tion. Volume I 1954 565 pp $12.00 Chemical Publish- 
ing Co., Inc. (#741) 

UNDERKOFLER, L. A., and Hickey, R. J. Industrial Fermenta- 
tion. Volume II 1954 578 pp $12.00 Chemical Pub- 
lishing Co., Inc. (#742) 

Waener, R. P., and MircuHe.tt, H. K. Genetics and Metabolism. 
1955 444 pp $7.50 John Wiley & Sons, Inc. (#743) 

Warn, R. L., and WiguTMan, F., Editors. The Chemistry and 
Mode of Action of Plant Growth Subsiances. 1956 312 pp 
$9.50 Academic Press, Inc. (#744) 

Wa ker, BurnuaM S., Boyp, C., and Asimov, Isaac. 
Biochemistry and Human Metabolism. 2nd Edition 1954 

916 PP, $10.00 The Williams & Wilkins Co. (#745) 

West, Epwarp 8S. Textbook of Chemistry. 2nd 
Edition 1956 ? I $(?) Macmillan. (#746) 

WEsSTERFELD, W. W. Biochemical Preparations. Volume IV 
1955 108 pp $3.75 John Wiley & Sons, Inc. (#747) 

West, Epwarp §., and Topp, WiLBert R. Textbook of Bio- 
chemistry. 2nd Edition 1951 1345pp $12.00 

#748 

Wuite, A., Hanpuer, P., Smiru, E., and Sterren Jr., DE W., 
Principles of Biochemistry. 1954 1070 pp 
Graw-Hill. 

Roger J. The Biochemistry of B Vitamins. (ACS 
Monograph No. 110) 1950 750 pp $15.00 Reinhold Pub- 
lishing Corp. (#750) 

Roger J., and BEERSTECHER, ERNEST. Introduc- 
tion to Biochemistry. 2nd Edition 1948 736 pp $7.00 D. 

Van Nostrand Co., Inc. (#751) 

Wirrcorr, Harotp. The Phosphatides. (ACS Monograph No. 
112) 1951 544 pp $12.00 Reinhold Publishing “P 

#752 


Wo rrom, M. L., and Tipson, R.S. Advances in Carbohydrate 
Chemistry. Volume XI 1956 Approx. 425 pp $(?) Aca- 
demic Press, Inc. (#753) 


MICROBIOLOGY 


Jacoss, Morris B., Gerstein, Maurice, and WALTER, WILLIAM 
. Dictionary of Microbiology. 1956 over 300 pp Probably 
$7.50 D. Van Nostrand Co., Inc. #754) 
Stacy, R. W., D. T., Worpen, R. E., and Mc- 
Morris, R. O. Essentials of Biological and Medical Physics. 
1955 586 pp $8.50 McGraw-Hill. (#755) 


BACTERIOLOGY AND PHYSIOLOGY 


ELKINTON, J. Russetu, and Danowsk1, T.S. The Body Fluids: 
Basic Physiology and Practical Therapeutics. 1955 648 pp 
$10.00 The Williams & Wilkins Co. 


LeuTHarpT, F. 
Aufl. 


Banden zu je 2888. Preis pro Band DM 82,- = $7.62 Wal- 
ter de Gruyter & Co. (#759) 


FOODS AND NUTRITION 


ALBRITTON, Erretr C. Standard Values in Nutrition and 
Metabolism. 1954 380 pp $6.50 W. B. Saunders Co. 


(# 

Buanck, Frep C. Handbook of Food and Agriculture. 

1048 pp $12.50 Reinhold Publishing Corp. ( 

Jacoss, Morris B. Chemical Analysis of Foods and Food 
Products. 2nd Edition 1951 904 pp $10.75 D. Van 
Nostrand Co., Inc. (#762) 
Mrak, E. M., and Stewart, G. F., Editors. Advances in Food 
Volume VI 1955 398 pp $9.00 
#763 


III 1954 
$17.50. Reinhold Publishing Corp. (#766 
ProuprFit, Farrrax T., and Rospinson, Corinne Hoapen. 
Nutrition and Diet Therapy. 11th Edition 1955 896 pp 
$5.25 Macmillan. (#767) 
SHERMAN, Henry C. Chemistry of Foods and Nutrition. 8th 
Edition 1952 636 pp $6.50 Macmillan. (#768) 


A422 


Starr, Industrial & Engineering Chemistry, Editors. Use of 
Sugars and Other Carbohydrates in the Food Industry. (Advances 
in Chemistry Series No. 12) 1955 142 pp $3.00 American 
Chemical Society. (#769) 

TreEssLER, Donatp D. Marine Products of Commerce. 2nd 
Edition 1951 800 pp $20.00 Reinhold — 

#770) 

UnpvErwoop, E. J. Trace Elements in Human and Animal Nu- 
trition. 1956 430 pp $9.50 Academic Press, Inc. (#771) 

Von LorEsEcKE, Harry. Drying and Dehydration of Foods. 2nd 
Edition 1955 305 pp $7.50 Reinhold Publishing wr 

2 

Von LogsecKE, Harry. Outlines of Food Technology. 2nd 
Edition 1949 583 pp $8.50 Reinhold Publishing tars) 

Wuittier, O., and Wess, Byron H. Byproducts from 
Milk. 1950 325 pp $6.00 Reinhold Publishing ee ’ 
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PHARMACEUTICAL 


Bartow, R. B. Introduction to Chemical Pharmacology. 1955 
343 pp $6.25 John Wiley & Sons, Inc. (#775) 
Buickg, F.E.,andSurer,C.M. Medicinal Chemistry. Volume 
II 1956 311 $10.00 John Wiley & Sons, Inc. (#776) 
BuickB, F. E., C. M. edicinal Chemistry. Volume 
III 1956 ? pp $(?) John Wiley & Sons, Inc. (#777) 
CouirerR, H. O. Chemotherapy of Infections. 1954 248 pp 
$4.00 John Wiley & Sons, Inc. (#778) 
Covet., G., Coatnry, J. W., Frevp, J. W., and Sineu, J. 
Chemotherapy of Malaria. 1955 123 pp $3.25 Columbia 
University Press. (#779) 
Martin, Eric W., and Cook, E. FuLLERToN, Editors. Reming- 
ton’s Practice of Pharmacy. 11th Edition 1956 1630 pp 


$20.00 Mack Publishing Co. (#780) 
Miter, Luoyp C., Director and GENERAL COMMITTEE OF 
Revision. U. 8S. P. XV. 1955 1232 pp $10.00 Mack 
Publishing Co. (#781) 
National Formulary. 10th Edition 1955 867 pp $9.00 J. 
B. Lippincott Company. (#782) 
New & Nonofficial Remedies. 1956 540 pp $3.35 J. B. Lip- 
pincott Company. (#783) 


Suter, C. M. Medicinal Chemistry. VolumeI 1951 473 pp 
$10.00 John Wiley & Sons, Inc. #784) 
The Dispensatory of the United States of America. 25th Edition 
1955 2139 pp $25.00 J. B. Lippincott Company. (#785) 
Witson, CHaRLEs O., and Gisvotp, OLE. Textbook of Organic 
Medicinal and Pharmaceutical Chemistry. 3rd Edition 1956 
823 pp $11.00 J. B. Lippincott ae - (#786) 
Witson, O., and Jones, Tony Everett. The Amer- 
ican Drug Index. 1956 576 pp $5.00 J. B. Lippincott 
Company. (#787) 
HEALTH ORGANIZATION: International Pharmac 
VolumeI 1951 424 pp $5.00 Columbia 
88 
Woritp HEALTH ORGANIZATION: International Pharmacopoeia. 
Volume II 1955 370 pp $6.75 Columbia University 
Press. (#789) 


SCIENTIFIC PERIODICALS 


American Documentation. 
per year Subscription price: 
age: Add 50¢ per volume. 
science Publishers, Inc. 


Quarterly journal Approx. 320 pp 
$6.50 per year Foreign post- 


Hoeber, Inc. 
Approx. 700 pp per year 


aul B. 
Nuclear Physics. Monthly Journal. 
Subscription for current volume $15.00, postage free Inter- 
science Publishers, Inc. Lares) 
Quality Control and Applied Statistics Abstracts. Monthly ab- 
stract service, beginning June 1956. Approx. 1000 RP Fn 
year. Subscription for current volume $60.00 Binders 
$5.00 each Foreign pecteme $0.75 per volume and $0.50 per 
binder Interscience Publishers, Inc. (#793) 


REPRINTS OF SCIENTIFIC PERIODICALS 
American Chemical Society Journal. 1904 Volume XXVI 


Paper bound reprint $35.00 Johnson Reprint Corp. (#704) 
American Chemical Society Journal. 1905 Volume XXVI 

Paper bound reprint $35.00 Johnson Reprint Corp. (#795) 
Biochimica et Biophysica Acta. 1950 olume I Paper 

bound reprint $20.00 Johnson Reprint Corp. (#796) 


Biochimica et Biophysica Acta. 1951 Volume VII Paper 
bound reprint $20.00 Johnson Reprint Corp. (#797) 
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Harun, H. Biochemie der Gérungen unter _besonderer Beriick- 
ee ee sichtigung der Hefe. 1. Aufl. 1952 XII, 499 S. 44 Abb 
pose) ya DM 64,- = $15.24 Walter de Gruyter & Co. (#757) 
Lehrbuch der physiologischen Chemie. 12. 9 
aa VI 823 S. 61 Abb. DM 42, = $10.00 F 
ee ae Walter de Gruyter & Co. (#758) By 
Seyuer, Hoppe. Zeitschrift fur Chemie. Heraus- Bo 
g a gegeben von A. Butenandt und K. Thomas. Erscheint in 1 
| 
Back volumes available. Inter. 
(#790) 
Bite: Bee Me: Clinical Chemistry, Journal. Volume II, 1956 430 editorial pp 
ene ae per year. Subscription rates $8.00 per year; $8.50 in Canada; ios 
siz 
Dee Saag ARKER, MILTON Lk. Elements of Food Engineering. Volume I 
1952 390 pp $8.75 Reinhold Publishing Corp. (#764) A 
PaRKER, Mitton E. Elements of Food Engineering. Volume II By 
ioe 1954 360 pp $8.50 Reinhold Publishing Corp. (#765) 
ParKER, Mitton E._ Elements of Food Engineering. Volume 17 
le: 


—modern GERMAN chemical literature — 


Charlot, Qualitative Schnellanalyse. 1956. DM 7,80 
Fulda-Ginsberg, Tonerde und Aluminium 
Teil I: 1951. DM 26—. Teil II: 1953. 
DM 44,— 
Gattermann-Wieland, Die Praxis des organischen Chemikers 
1956. DM 26,— 
Ginsberg, H., Leichtmetallanalyse. 1955. DM 24,80 
Haehn, H., Biochemie der Garungen. 1952. DM 64,— 
Holleman-Richter, Lehrbuch der organischen Chemie. 1954. 


M 28, 
Holleman-Wiberg, Lehrbuch der anorganischen Chemie 
1956. DM 28,— 
Klages, F., Lehrbuch der organischen Chemie. 3 Bde. 
I, 1: 1952 DM 68,— I,2: 1953. DM 62,— 
II: 1954. DM 72,— III: In Vorbereitung 
Kiister-Thiel-Fischbeck, Logarithmische Rechentafeln. 1956. 


DM 16,80 

Leuthardt, F., Lehrbuch der physiologischen Chemie. 1955. 
DM 42,— 

Tédt, F., Korrosion und _ Korrosionsschutz. 1955. 
DM 168,— 


Holzforschung, Mitteilungen zur Chemie, Physik, Biologie 
und Technologie des Holzes. 
6 Hefte bilden einen Band. Preis pro Band 
DM 54,— (Technischer Verlag Herbert Cram) 
Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie. Die 
Zeitschrift erscheint in Banden zu je 288 Seiten. 
Preis pro Band DM 32,— 


Special prospectus available free upon request 


WALTER DE GRUYTER & CO./BERLIN W 35 
vormals G. J. Géschen’sche Verlagshandlung—J. Guttentag, 
Verlagsbuchhandlung—Georg Reimer—Karl J. Triibner— 
Veit & Comp. 


..-for a brochure briefly describing all 
of the chemistry manuals we publish. Many 
of the manuals are designed to be used 
with widely used texts published by other 
publishing firms. See our manuals in the 
Chemical Education Book Exhibit at the 
ACS. Examination copies sent upon re- 
quest (give name of College and course.) 


Hundreds of schools are using the manuals 
we publish. However, we know that many 
schools, because of differences in pro- 
cedures or equipment, cannot find a pub- 
lished chemistry manual to fit their needs. 


For these schools we have available a 
specialized publishing service. We _ will 
publish YOUR manual from YOUR manu- 
script to YOUR specifications. 


WRITE FOR DETAILS TODAY! 


WM. C. BROWN COMPANY 
Publishers 
DUBUQUE, IOWA 


W & W 


BIOCHEMISTRY AND 
HUMAN METABOLISM 


Qnd Edition 

By Burnham S. Walker, M.D., Ph.D., William C. 
Boyd, Ph.D. and Isaac Asimov, Ph.D. 
916 pp. 30 figs. (1954) $10.00 


A biochemistry text intended for medical stu- 
dents. Detailed presentation of clinical applica- 
tions of biochemistry. 

Classical order of topics altered so that proteins 
can be taken up first—since they are of prime 
importance to biochemistry. Chemistry of carbo- 
hydrates and lipids taken up as an introduction to 
tissue chemistry. Human biochemistry empha- 
sized almost to the exclusion of other branches. 


TECHNIQUES IN 
CLINICAL CHEMISTRY 


A Handbook for Medical Laboratory Technicians 
By Frederick N. Bullock, F.I.M.L.T. 
171 pp. 8 figs. (1954) $4.00 

Explains the reasons for the various steps in the 
analyses, and the reactions and calculations which 
lead to the final results. Intended to supplement 
rather than replace the more exhaustive manuals. 


THE BODY FLUIDS 


Basic Physiology and Practical Therapeutics 

By J. Russell Elkinton, M.D. and T. S. Danowski, M.D. 
647 pp. 157 figs. (1955) $10.00 

Discusses fundamental concepts of paneer 
and biochemistry in relation to clinical problems. 
Surveys specific disease entities and practicalities 
in assessing and correcting body fluid disorders. | 
Covers current literature, present knowledge and 
first-hand experience of one group of workers. 


PRACTICAL METHODS 
IN BIOCHEMISTRY 


6th Edition 
By Frederick C. Koch, Ph.D. and Martin E. Hanke 
546 pp. 28 figs. (1953) $5.00 

Clear and accurate directions for over 300 labora- 
tory experiments and for the preparation of various 
laboratory reagents. Interesting discussion of 
manometric methods with the Van Slyke—Néeill 


‘apparatus. Includes microbiological methods for 


vitamins and amino acids, and colorimetric and 
fluorimetric methods. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


The Williams 
& Wilkins Company 


Mt. Royal and Guilford Avenues 
Baltimore 2, Maryland 
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Biochimica et Biophysica Acta. 1952 Volume VIII Paper 
bound reprint $20.00 Johnson Reprint Corp. (#798) 
ical Reviews. 1950 Volume XLVI Paper bound reprint 
$17.50 Johnson Reprint Corp. (#799) 
Chemical Reviews. 1950 Volume XLVII Paper bound reprint 
$17.50 Johnson Reprint Corp. #800) 
Chemical Reviews. 1951 Volume XLVIII Paper bound re- 
print $17.50 Johnson Reprint -. (#801) 
Chemical Reviews. 1951 Volume XLIX Paper bound reprint 
$17.50 Johnson Reprint Corp. (#802) 
Journal of Organic Chemistry. 1950 Volume XV 
bound reprint $2.50 Johnson Reprint Corp. 
Journal of Organic Chemistry. 1951 Volume XVI 
bound reprint $35.00 Johnson Reprint oy 
‘Journal of Physical Chemistry. 1927 Volume XXXI 
bound — $40.00 Johnson Reprint Corp. 
Journal of Physical Chemistry. 1928 Volume XXXII 
bound reprint $40.00 Johnson ‘_ Corp. 
Journal of Physieal Chemistry. 1929 Volume XXXIII 
bound 3 we $40.00 Johnson Reprint Corp. 
Journal of Physical Chemistry. 1930 Volume XXXIV 
bound pyent $50.00 Johnson Reprint Corp. 
Journal of Physical Chemistry. 1931 Volume XXXV 
bound a $50.00 Johnson Reprint Corp. 
Journal of Physical Chemistry. 1932 Volume XXXVI 
bound reprint $50.00 Johnson Reprint Corp. 
Journal of Physical Chemistry. 1949 Volume LIII pe 
bound reprint $30.00 Johnson Reprint Corp. (#811) 


HISTORY AND BIOGRAPHY 


Antuony, H. D. Science and Its Background. 2nd Edition 
1954 337 pp $4.00 St. Martin’s Press, Inc. (#812) 
FarBer, Epuarp. The Evolution of Chemistry—A History of Its 
Ideas, Methods and Materials. 1952 349 pp $6.00 Ronald 
Press Co. (#813) 


Finpiay, ALEXANDER. A Hundred Years of Chemistry. 2nd 
Edition 1948 318 pp $3.25 Macmillan. (#814) 
1940 157 pp 
#815) 


GetMaN, Freperick H. The Life of Ira Remsen. 
$4.50 Chemical Education Publishing Co. 
Haynes, American Chemical Industry. Volume I— 

Background and Beginnings 1954 482 pp $16.00 Per 
Set $80.00 D. Van Nostrand Co., Inc. (#816) 
Haynes, Wiuutams. American Chemical Industry. Volume 
II-III World War I Period 1945 1015 pp each $16.00 
Per set $80.00 D. Van Nostrand Co., Inc. (#817) 
Haynes, WituiaMs. American Chemical Industry. Volume 
IV—The Merger Era 1948 440 pp $16.00 Per set $80.00 
D. Van Nostrand Co., Inc. (#818) 
Haynes, WitiiaMs. American Chemical Industry. Volume V— 
The Decade of New Products 1954 510 pp $16.00 Per 
set $80.00 D. Van Nostrand Co., Inc. (#819) 
Haynes, Wi.utamMs. American Chemical Industry. Volume 
VI—Histories of the Companies 1949 559 pp $16.00 Per 
set $80.00 D. Van Nostrand Co., Ine. (#820) 
Leicester, W. The Historical Background of Chemistry. 1956 
? PP $(?) John Wiley & Sons, Ine. 821) 
Li Cu’1ao-P’1na. The Chemical Arts of Old China. 1948 215 
pp $6.00 Chemical Education Publishing Co. (#822) 
Partineton, J. B. A Short History of Chemistry. 2nd Edition 
1954 386 pp $2.50 St. Martin’s Press, Inc. (#823) 
Weeks, Mary Exvira. Discovery of the Elements. 6th Edition 
1956 936 pp $10.00 Chemical Education ieee 
#824 


REFERENCE 


CautianaM, L. Russian-English Technical and Chemical Dic- 
tionary. 1947 794 pp $15.00 John Wiley & Sons, rv 5) 
#82. 
COMMITTEE ON PROFESSIONAL TRAINING. American Chemical 
Society Directory of Graduate Research—Faculties, Publications 
and Doctoral Theses in Departments of Chemistry and Chemi- 
cal Engineering at United States Universities. 1955 446 pp 
$2.50 American Chemical Society. (#826) 
Condensed Chemical Dictionary. 5th Edition 1956 
$12.50 Reinhold Publishing Corp. ( #827) 
Devries, L. German-English Science Dictionary. 2nd Edition 
1946 562 pp $6.50 McGraw-Hill. 8), 
Gitman, Jr., A. F., Editor, and Mauvrz, N. B., Tuayer, F. F., 
McInnis M.C., and Parsons, L. D. Associate Editors. A 
Dictionary of Chemical Equations. 6th Edition 1956 $6.00 
Eclectic Publishers (#829) 
Haynes, Wiuitams. Chemical Trade Names and Commercial 
Synonyms. 2nd Edition 1955 466 pp $8.00 D. Van 
Nostrand Co., Inc. (#830) 
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Horstey, L. H. & al, Dow Chemical Co. and edited by Starr 
Industrial & Engineering Chemistry. Azeotropic Data. 1952 
329 pp $4.00 American Chemical Society. (#831) 

International Dictionary of Physics and Electronics. 1956 over 
1000 pp Prepublication price $17.50 D. Van Nostrand Co., 
Inc. (#831-i) 

Jacopson, C. A. Encyclopedia of Chemical Reactions. Volume 
V 1956 795 pp $17.50 Reinhold Publishing Corp. (yes2) 

Kaye, G. W.C., and Lasy, T.H. Tables of Physical and Chemi- 
cal Constants. 11th Edition 1956 233 pp $5.00 Long- 


mans, #833) 
Kinazett, C. T. Chemical Encyclopaedia. 8th Edition 1952 
1186 pp $17.50 D. Van Nostrand Co., Inc. (#834) 
Lanoe, N. A. Handbook of Chemistry. 9th Edition 1956 
1985 pp $8.50 Handbook Publishers, Inc. #835 
Me.tion, M. G. Chemical Publications. 2nd Edition 
284 pp $4.50 McGraw-Hill. (# 
Patrerson, A. M. French-English a for 3 
2nd Edition 1954 476 pp $6.50 John Wiley & a eas 
#837 ) 
Parrerson, A. M. German-English Dictionary for Chemists. 
8rd Edition 1950 541 pp $6.50 John Wiley & o— Inc. 
#838) 
Rosin, Joseru. Reagent Chemicals and Standards. 3rd Edition 
1955 565 pp $10.00 D. Van Nostrand Co., Inc. (#839) 
Sax, N. Irvine. Handbook of Dangerous Materials. 
850 Pp $15.00 Reinhold Publishing Corp. 
SNELL, Foster D., and SNELL, Corne.ia T. Chemicals of Com- 
2nd Edition 1952 631 pp $7.25 D. Van Nostrand 


(#841) 

Srector, Handbook of Toxicology. Volume I 1956 

400 pp $7.00 W. B. Saunders Co. 842) 

TuorPeE’s Dictionary of Applied Chemistry. 4th Edition Vol. 
XI—Soil—Zymurgy 1954 926 pp $27.50 Longmans. 


(#843) 

Uuuie, H. H. Corrosion Handbook. 1948 1188 pp $15.00 

John Wiley & Sons, Inc. ( #844) 

Van Nostrann’s Chemists Dictionary. 1953 760 pp $12.00 

D. Van Nostrand Co., Inc. (#845) 

Wiswesser, J. A Line-Formula Chemical Notation. 
1954 149 pp $2.00 Thomas Y. Crowell Co. 


merce. 
Co., Ine. 


(#846) 


MISCELLANEOUS 
BERKELEY, Epmunp C., and Warinwricut, L. Computers— 
Their Operation and 


Application. 1956 376 pp $8.00 
Reinhold Publishing Co 847 


rp. 

Doss, M. P. Informat;on —_— Equipment. 1955 270 pp 
$8.75 Reinhold Publishing Corp. (#848) 
Foros, J. T., and Bray, J. L. German Grammar for Chemists and 
Other Science Students. 1988 323 pp $3.90 John Wiley & 
Sons, Inc. (#849) 
Foros, J. T., and Bray, J. L. Introductory 7 in Chemical 
and Technical German. 1941 303 pp $3.90 John Wiley & 
Sons, Inc. (#850) 
Fotos, J. T., and SHreve, R.N. Advanced Readings in Chemical 
and Technical German. 1940 304 pp $3.90 John Wiley & 
Sons, Inc. (#851) 
Fotos, J. T., and SuHreve, R. N. Intermediate Readings in 
Chemical and Technical German. 1938 219 pp $3.50 John 
Wiley & Sons, Inc. © (#852) 
Grapy, Roy I., Cuirrum, Joun W., ev av. The Chemist at 
Work. 1940 422 pp $4.00 Chemical Education Publish- 
ing Co. (#853) 
Gustavson, K. H. The Chemistry and Reactivity of Collagen. 
1956 342 pp $8.00 Academic Press, Inc. (#854) 
Haw.ey, Gessner G., and Hawuey, Auice W. Hawley’s 
Technical Speller. 1955 160 pp $2.95 Reinhold Publish- 
ing Corp. (#855) 
Houizpock, WERNER G. Instruments for Measurement and 
Control. 1955 377 pp $10.00 Reinhold ome? 5 
#856 

INFORMATION FOR INpustTRy, INc. Uniterm Index to U.S. 
Chemical Patents Year 1955. Section I—Uniterm Index. 
Section II—Chemical Compounds Accompanying Book of 
Patent Abstracts to be used with Index. 6065 us Chemical 
Patents issued in 1955 $800.00 Information for Industry, 
Inc. (#857) 
INFORMATION FoR INpustRY, Inc. Uniterm Index to U.S. 
Chemical Patents Year 1966. Jan. 1 thru June 30 issue in- 
cludes 5721 U.S. Chemical Patents. Accompanying Book of 
Patent Abstracts to be used with Index. $8.00 Information 
for Industry, Inc. (#858) 
Lewis, CuesteR M., and OrreNHAUSER, WitLIAM H. Micro- 
recordi Industrial and Library Applications. 1956 (gaa 


$8.50 Interscience Publishers, Inc. 
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TEXTS AND MANUALS 


BY WILLIAM F. EHRET 


SMITH’S COLLEGE CHEMISTRY 


This famous textbook is distinctive for its com- 
pleteness and richness of information, its pro- 
gressive organization, its successful method, its 
precise presentation, and its clear style. 


SIXTH EDITION, 760 pages, illustrated, $5.50 


SMITH'S INTRODUCTORY COLLEGE 
CHEMISTRY 


Shorter, more compact, and less inclusive than 
Smith’s College Chemistry, this book is de- 
signed for more elementary courses which must 
cover the material in a relatively short time. 


THIRD EDITION, 511 pages, illustrated, $5.00 


LABORATORY STUDIES IN GENERAL 
CHEMISTRY 


A practical and thorough laboratory manual, 
containing 51 experiments, providing adequate 
laboratory work for the first year of college 
chemistry. 


SECOND EDITION, 295 pages, illustrated, 
$2.75 


APPLETON-CENTURY-CROFTS 
35 West 32nd Street New York 1, N. Y. 


excellent books from 
HOUGHTON MIFFLIN COMPANY 


BRISCOE 
COLLEGE CHEMISTRY 


BRISCOE 
GENERAL CHEMISTRY FOR COLLEGES 


HART e SCHUETZ 
A SHORT COURSE IN ORGANIC CHEMISTRY 


MARKHAM e SMITH 
GENERAL CHEMISTRY 


BOYK e GANTZ e RICE 
GENERAL CHEMISTRY LABORATORY MANUAL 


EBLIN CLIPPINGER MORTON 


ALABORATORY PROGRAM FOR GENERAL CHEMISTRY 


Second Edition 
MARKHAM e REILLEY 


A LABORATORY MANUAL FOR GENERAL CHEMISTRY 


Completely Up-to-Date 


Cross 


Indexed THE 
AMERICAN 
DRUG INDEX 


Prepared by Charles O. Wilson and T. E. Jones 


The most recent, complete, single-volume 
source of drug information. A new and 
authoritative “Who makes What” of the 
complex world of drug and drug products. 
Listing by Chemical Name shows all drug 
products containing this compound as chief 
ingredient. Listing by Trade Name shows 
manufacturer, composition, dosage forms, how 
supplied, and use. Listing by Generic Name 
shows official recognition, chemical name, 
trade name, manufacturer, combination 
with other drugs. 

Unique feature is the method of CROSS- 
INDEXING. You can find drug or drug combi- 
nations when only major ingredient is known. 


576 Pages OVER 12,000 DRUGS LISTED 
Published 1956 $5 
J. B. LIPPINCOTT CO. 


A DICTIONARY OF 
CHEMICAL EQUATIONS 


Inorganic Reactions 
Organic Reactions 
Nuclear Reactions 

lonic Reactions 


If for any reason this book is unsuited to 
your purposes it may be returned within 
thirty days and full refund of purchase price 
will be made. 


Remitta ith order—$6.00 
PRICE 


ECLECTIC PUBLISHERS 


30 WEST WASHINGTON STREET 
CHICAGO 2, ILLINOIS 
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> the Chemical Laboratory. 1954 234 pp $4.50 
ostrand Co., Inc. (#860) 
Mason, B. Principles of Geochemistry. 1952 276 pp $5.50 
John’ Wiley & Sons, Inc. (#861) 
MicuaeE.is, A. R. Research Films in Biology, Anthropology, 
Psychology and Medicine. 1955 490 pp $10.00 Academic 
Press, Inc. (#862) 
Perry, James W., Kent, ALLEN, and Berry, MApDELINE M. 
Machine Literature Searching. 1956 174 pp $4.00 Inter- 
science Publishers, Inc. (#863) 
Perry, J. W. Chemical Russian Self-Taught. 1948 232 pp 
$4.00 Chemical Education Publishing Co. #864) 
Soute, B. A. Library Guide for the Chemist. 1938 285 Pp 
$5. 50 McGraw-Hill. (#865) 
Starr, Industrial & Engineering Chemistry. 2) the 
Chemical Literature. (Advances in Chemistry Series No. 
1951 171 pp $2.00 American Chemical Society. ($866) 


CueEmists’ AssociaTIon, Inc. Guide for 


WIsE, 


Pere, Industrial & Engineering Chemistry, Editors. Chemical 
Nomenclature. (Advances in Chemistry Series No. 8) 1953 


112 pp $2.50 American Chemical Society. 


Starr, Industrial & Engineering Chemistry, Editors. Literature 
Resources for Chemical Process Industries. (Advances in 
Chemistry Series No. 10) 1954 582 pp 
Chemical Society. 

VitLars, Donatp StatiEeR. Statistical Design and Analysis of 
Experiments for Development Research. 
Wm. C. Brown Company. 

Wei, B.H. The Technical Report: 
Industry and 
WILSON, 


ACADEMIC PRESS, INC. 

111 Fifth Ave., New York 
ADDISON-WESLEY PUBLISHING Co., INC. 

Kendall Square, Cambridge 42, Mass. 
AMERICAN BOOK COMPANY 

55 Fifth Ave., New York 3, N. Y. 
AMERICAN CHEMICAL SOCIETY 

1155 Sixteenth St., N. W., Washington 6, D. C. 
APPLETON-CENTURY-CROFTS, INC. 

35 West 32nd St., New York 1, N. ©. 
WM. C. BROWN COMPANY’ 

215 West 9th St., Dubuque, Iowa 
CAMBRIDGE UNIVERSITY 

32 East 57th St., New York 22, N. Y. 
CHEMICAL EDUCATION PUBLISHING CO. 

20th & Northampton Sts., Easton, Pa. 
CHEMICAL PUBLISHING Co., ING. 

212 Fifth Ave., New York 10, N.Y. 
COLUMBIA UNIVERSITY PRESS 

2960 Broadway, New York 27, N. Y. 
CORNELL UNIVERSITY PRESS 

124 Roberts Place, Ithaca, N. Y. 
THOMAS Y. CROWELL CO. 

432 Fourth Ave., New York 16, N. Y. 
WALTER ve GRUYTER & CO 
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GINN & COMPANY 
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$6.50 American 


1951 472 pp $6.50 


Its Preparation and Use in 
1954 492 pp $12.00 Reinhold 


An Introduction to Scientific Research. 1952 
376 pp "$6. "McGraw-Hill. 

iP KENNETH. Patent Law in the Research Laboratory. 
(Reinhold Pilot Book No.4) 1955 155pp $2.95 
Publishing Corp. 
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Why you should use a Coleman for 
teaching absorption color chemistry 


asic Structure—Easily Understood. The wonderful 
plicity of structure of the Junior Spectrophotometer can 

clearly shown, completely visualized and leads the 
dent to a clear understanding of the basic principle of 
ectrophotometry. 


ple Operation— Quickly Learned. No electronic 
cuits to confuse the student. No intricate control adijust- 
nts to complicate the instruction. Wavelength. selection 
h a single dial—reference setting with two simple controls. 


gged Construction—Safe in Student Hands. The 
ior Spectrophotometer can take the rough use of student 
nsses, the careless handling, the endless cycle of use and 
brage, without complaint and without damage. It's built 
stand hard knocks. 


OLEMAN SPECTROPHOTOMETERS 


EE! COLEMAN SPECTRO-DEMONSTRATION KIT. .. the fines ifFzis 
laboratory instruction in colorimetric chemistry ever devised. 
ads the student thru the basic principles, technic and instrument 
»mplete with instructions. Available to any chemistry teacher. 


EE! MANUAL OF MODERN INSTRUMENTS. 
oleman's Tools for Science’' contains useful 

ort discussions of modern analytical methods as well 
complete descriptions and schematics 

instruments. 


rite 10... 


opt B, Coleman Instruments, Inc. 
nywood, lilinois. 


Low Cost—Easy on the academic budget. The Junior 
Spectrophotometer is low in first-cost—and the first cost is 
the last cost. No costly service, no expensive repairs, no 
vacuum tubes or batteries to replace. Two models are 
available, the Junior Spectrophotometer, with either 35 or 
20 millimicron band-width, for student practice or routine 
lab work, and the Universal Spectrophotometer for fine 
analytical work, with long and short path cells and adapt- 
able to fluorometry and nephelometry. 


Used Throughout the World. Students taught with the 
Junior will be completely at home in the working chemistry 
laboratory, for the Junior is widely used throughout the 
world, wherever colorimetric analysis is performed. 
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The new 
J.T. Baker Chemical Co. 


research laboratories 


... symbol of progress 


THIS GLEAMING NEW BRICK, PORCELAIN AND STEEL 
building houses the new J. T. Baker Chemical Co. Research 
Laboratories. Located adjacent to the main plant . 

at Phillipsburg, N. J., these new facilities are symbolic 

of progress, and confirm our faith in the long term benefits 

to our customers of an intensive research program.. 


For many years, J. T. Baker has enjoyed a pre-eminent position 
in the field of purity reagents and chemicals, and the new 
laboratories will reinforce this position. In addition, 

we are strongly committed to an expanding program of 
industrial chemical development. 


A large percentage of the present and projected research ; 
will be in new fields of endeavor. This will include studies 

with the less common elements, new industrial 

organic compounds and specialty plastics. The new research 
laboratories are expected to point the way to new 

developments in the field of industrial and laboratory 

chemicals, pharmaceuticals and allied materials. 


Our purpose, as always, is to bring you still finer Baker products 
—to serve you more efficiently —and to keep the name J. T. Baker 
synonymous with leadership in the chemical industry. 


J.T. Chemical Co. 


REAGENT + FINE + INDUSTRIAL 
Phillipsburg, New Jersey 
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